Abstract

The primarily objective of this thesis is to investigate the electrical and optical performances
of some ZnO colloidal quantum dots (CQDs) and organic semiconductor based inorganic-
organic heterostructures for ultraviolet-visible (UV-vis) photodetection applications. TIPS-
Pentacene (a small-molecule organic semiconductor) and F8BT (polymer-based organic
semiconductors) have been explored as p-type organic semiconductors while ZnO CQDs have
been utilized as n-type material in the heterostructures investigated in this thesis. The inherent
traps/defects in ZnO CQDs have been explored to create a photomultiplication effect in such
photodetectors to enhance the external quantum efficiency (EQE) beyond 100%. The present

thesis consists of SIX chapters which are briefly outlined in the following:

Chapter 1 covers the basic introduction to photodetectors, performance metrics, materials and
methods, state-of-the-art literature review of organic photodetectors, photomultiplication-
based photodetectors, and a review of self-powered photodetectors. This chapter also includes

the motivation, problem statement, and objective of the thesis.

Chapter 2 investigates a ZnO CQDs/TIPS-Pentacene based inorganic-organic heterostructure
based UV photodetector. This chapter covers the basic experimental steps, absorbance and
photoluminescence (PL) studies of the materials followed by electrical and optical
characterization to extract performance parameters like responsivity, external quantum
efficiency, detectivity, and time response. The measurement of the photoresponse of the device
was carried out using a monochromatic light source in the range of 300-700 nm. Upon
illumination with UV light on the device under -1 V reverse bias, the photodetector exhibited

the maximum responsivity of ~59.15 A/W and detectivity of ~7.01x10%*3 cmHz*4/W.



Chapter 3 is devoted to the enhance the performance enhancement of the ZnO CQDs/TIPS-
Pentacene based heterostructure discussed in Chapter-2 by using a thin MoOx layer as hole
transport layer (HTL). The MoOx layer was used to prevent the electron injection into the
device to reduce the recombination of photogenerated carriers and hence the dark current of
the device. The device showed a broad photoresponse in the UV-visible region with the
maximum responsivity of 217.31 A/W, EQE of ~ 69811% and detectivity of ~ 6.79 x 10*2
cmHzY2/W under the incident light intensity of ~ 64.8 pW/cm? at 386 nm in the UV region and
the maximum responsivity of ~57.34 A/W, EQE of ~11111.3 % and detectivity of ~ 1.79 x
10%* cmHzY?/W under the light intensity of 48.8 uW/cm? in the visible region at 640 nm under

-1V reverse bias operation.

Chapter 4 explored an inorganic-organic heterostructure based UV-visible photodetector
using ZnO CQDs as inorganic material and F8BT polymer as organic semiconductor in the
heterostructure. Two vertical device structures have been studied, namely: ITO/ ZnO CQDs/
F8BT/ Ag (Device-1) and ITO/ ZnO CQDs/F8BT/MoOy/ Ag (Device-2). In Device-2, the
additional MoOxy layer is used to act as the HTL to enhance the performance of Device-1 as
investigated in Chapter-3. The chapter includes detailed experimental steps followed by
absorbance and photoluminescence studies of the various thin films used in the proposed
devices. The Device-1 (without the MoOx layer) showed the maximum responsivity of 24 A/W,
while the Device-2 (with the MoOx layer) showed the maximum responsivity of 44 A/W under
a light intensity of 25 uW/cm? of 385 nm at -1 V reverse bias operation. The Device-2 (with
the MoOx layer) also exhibited a self-powered characteristic with the maximum responsivity

of ~ 59 mA/W and external quantum efficiency of 18.98 % under zero bias operation.

Chapter 5 reports the fabrication and characterization of ZnO CQD/ TIPS-Pentacene:F8BT

heterostructure based UV-visible photodetector with and without MoOx HTL. The chapter



covers the experimental details and optical characterization of the thin films used in the device.
The optical response of the proposed device has been measured over the wavelength range of
350-700 nm at an incident radiation intensity of 17.43 pW/cm? under a reverse bias of -1 V.
The maximum responsivity of the device is shown to increase from 29.60 A/W to 70.20 A/W
at 350 nm by using the MoOx HTL layer. In the visible region at 470 nm, the maximum

responsivity was improved from 13.68 A/W to 40.92 A/W.

Chapter 6 is used to summarize the major observations of the present thesis. The possible
extension of the ideas and concepts explored in present works for future studies is also briefly

outlined in this chapter.



