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Abstract

Nano-dimensional devices exhibit a variety of unique phenomena that present important
opportunities for the development of next-generation electronics with unmatched performance.
Infrared (IR) detectors are no exception to it considering its application in military, medical,
environmental, industry, and communication fields. Since the invention of IR photodetectors in
the 20" century, the focus has been to improve their performance, such as simplifying the
fabrication processes, lowering the fabrication cost, and facilitating room temperature operation
of devices through advanced nanotechnology fabrication. Group-IV semiconductor
nanostructures and layered materials are excellent alternatives to the matured technology based
[11-V materials like indium antimonide, indium gallium arsenide, and I1-VI materials like lead

sulphide and mercury cadmium telluride.

In this dissertation, firstly, group-IV semiconductor nanowires (NWs) were studied for
high sensitive IR detection. To start, germanium (Ge) metal-semiconductor-metal (MSM)
devices were made using germanium-on-insulator (GeOl) substrate. Interestingly, a negative
photoconductive effect (NPC) in highly arsenic (As) doped NWs is observed. The trapping of
photo-carriers leads to high recombination of carriers in the presence of light which lead to NPC.
Kelvin probe force microscopy study was done to confirm this effect which showed the depletion
of carriers in n-Ge NW in presence of infrared light. The performance of n-type devices was
compared with p-type NW detectors, which shows the conventional positive photoconductive
behavior with high gain of 10%. The observed results can be used to study the application of Ge

NWs for various optoelectronic applications involving light tunable memory device applications.

To achieve IR response in Si based devices, germanium quantum dots (Ge QDs) were
incorporated in Si NW channel. Ge QDs were grown on silicon-on-insulator (SOI) substrate
using molecular beam epitaxy, and NWs were patterned using electron beam lithography. The
back gated phototransistor device showed photoresponse up to 1700 nm due to the presence of
Ge QDs. The device has shown a very low dark current (~ 20 pA) with a peak detectivity of ~
9.33 x 10! Jones at ~ 1500 nm and with remarkably high photoconductive gain of ~ 10* The

superior performance of Ge-QDs/Si nanowire phototransistor in infrared wavelengths is



potentially attractive to integrate electro-optical devices into Si for on-chip optical

communications.

To enhance the performance of Group IV semiconductors, heterojunction with layered
materials where used. Firstly, black-arsenic/Ge (b-As/Ge) heterostructure was fabricated to
investigate the possibility of extending Ge based device response to Mid-Infrared (MIR) range.
b-As was selected for MIR light absorption owing to its narrow bandgap of 0.3 eV. The device
showed photoresponse from 600 nm to 4000 nm, with high responsivity of 402 A/W at 3000 nm
and a high detectivity of 3.78 x 10* Jones. Also, the device showed low noise equivalent power
of ~4.4 x 101> WHz2 and high speed of 14.6 uSec. This work provides new insight in the use of
Ge as a heterojunction with 2-dimensional materials for high-performance devices in short-wave
IR (SWIR) applications.

Secondly, silicon-layered material heterojunction was studied for photodetection in IR
range to improve the device performance. MoSe; was selected among other layered materials
owing to its strong optical absorption and higher mobility. Broadband response from 405 nm to
2500 nm is observed in the device because of the existence of oxygen bounded defect states
formed in MoSe; during the preparation process through hydrothermal process. The fabricated
MoSe>/Si heterojunction broadband photodiode was highly sensitive for a wide spectral range
from 405 nm to 2500 nm wavelength with the maximum responsivity of ~ 522 mA/W for 1100
nm of incident light. Furthermore, the photodetector has been fully operational even at zero bias

voltage, making it a potential contender for self-powered photodetection.
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F-3MTH IUDRYT AT UBR BT 3T Teraii Pl uefRid Hrd § S Suis Uex
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D1 IR &b HRUT 1700 THTH dh ISR feamn| f&argd 7 ~1500 TUH WR ~9.33 x
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current flow mechanism.

Temperature-dependent measurements. (a) 1-V characteristics and (b)
Richardson plot for MoSe2/Si heterojunction.

Time response of the MoSe/Si heterojunction photodetector (a) at
different voltage bias for 1550 nm and 2500 nm, (b) with different
intensity of 1550 nm incident light at zero bias voltage.

Transient response of the MoSe,/Si photodetector (a) for a modulated
light of 10 kHz (b) Frequency dependent relative change in

photocurrent of the device at A=1550 nm.
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