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Abstract

This thesis is divided into two major sections. The first part is being the synthesis
and characterization of the quantum dot (QD), followed by the fabrication and character-
ization of the resulting QD-LEDs. The fabrication of QD-LEDs consists of synthesizing the
semiconductor nanocrystals (NCs) with the desired properties followed by the incorporation
of these NCs into PLED based device structures. Chapter 3 introduces the semiconductor
CdSe/ZnS and discusses in detail the synthesis, characterization, and properties, as well as
how the application CdSe/ZnS QDs into device. The fabrication and EL characterization of
a white-emitting hybrid QD-LED by integrating core-shell CdSe/ZnS QDs acting as a
yellow emitter and polyfluorenes as the blue emitter in a multilayered structure.

The second part is being the synthesis and characterization of the zinc oxide (ZnO)
materials, followed by the fabrication of the resulting ZnO based polymer solar cells.
Chapters 4 discuss the design of a ZnO nano-ridge structured film that can be used as an
electron collection layer in an inverted polymer solar cell. The ZnO nano-ridge structure was
formed by a simple sol-gel process using a ramp annealing method. As the solvent slowly
evaporated due to the low heating rate, there was sufficient time for the gel particles to
structurally relax and pile up, resulting in a very dense and undulated film. This film
provided an effective charge selection layer and an increased interfacial area for charge

collection.
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Chapter 5 discusses the study of a highly efficient tandem polymer solar cell with
inverted polarity. The optically transparent interlayer, consisting of a molybdenum trioxide
(Mo0O:s) layer and an amorphous ZnO, serves as the interconnecting layer facilitating charge
recombination between the bottom and top sub-cells. The ZnO layer, prepared by a low
temperature process, provides a dense layer for electron collection and a barrier against
solvent from dissolving the under layer. The leads to the high photovoltaic performance in
both single and tandem inverted solar cells. Under simulated solar illumination of AM 1.5G
(100 mWem™), the device exhibited a Jsc = 7.8 mAcm™, Voc = 1.20 V, FF = 0.54, and 1 =
5.1%. This is the first study reach over 5% in.the successful demonstrated in inverted
tandem solar cell. Chapter 6 is the achievement and summary for this thesis and future

prospects
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