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Preface

The ability to sense light within a narrow wavelength range is an integral part of our
visual perception, enabling us to distinguish a rich range of colours. An equivalent
function in electronics is carried out by devices called narrowband photodetectors,
which deliver an electric signal when interacting with light of a particular ‘colour’,
i.e. light within a narrow wavelength window that falls in the visible, or the near-
infrared, or the ultraviolet range. While in many ways mimicking our visual function
(e.g. for digital photography), narrowband photodetectors have been developed over
the years to address a very broad range of applications, including areas such as
computer vision and chemical fingerprinting for biology, medicine, etc. Conventional
semiconductors inherently lack ‘colour’ (i.e. narrowband) selectivity, hence a work-
around has been devised to equip them with this capability: the use of input filters that
block off all light except that of the target ‘colour’. In spite of its technological success,
this approach, however, is laden with challenges and limitations.

In recent years, organic semiconductors have emerged as a class of materials that
can uniquely address the demands of narrowband photodetection. Indeed, manifold
colours in nature result from n-conjugated molecular structures akin to those of
organic semiconductors. Therefore, organic semiconductors with particular compo-
sition and structure can inherently and selectively respond to these same colours,
precisely matching the scope of narrowband photodetection. In fact, this capability
goes beyond the visible range and is also applicable to the ultraviolet and the near-
infrared ranges. In addition, organic semiconductors possess key processing advan-
tages over conventional technologies, as they can be deposited over large areas
(e.g. on flexible plastic foils) via simple and potentially low-cost methods (e.g. by
printing and coating). All these attractive properties make organic semiconductors
particularly well suited for the development of narrowband photodetectors and
imagers that can be placed ubiquitously in the objects and environments of our daily
lives—e.g. so as to function as smart sensors for emerging application areas. Going
beyond the limitations of conventional semiconductors, organic semiconductors
have consequently enabled a paradigmatic shift in narrowband photodetection
technology. A rich research landscape has thus emerged, with manifold new
materials, device configurations and narrowband strategies being explored.

This book arises from the need for a comprehensive and unified picture of the
subject of narrowband organic photodetection. While a few review articles covering
this area have appeared in scientific journals over the years, such works have placed
emphasis on particular aspects and are specialistic in nature. Additionally, the
relevant literature is particularly heterogeneous, not only because it presents a wide
range of materials, narrowband strategies and descriptions thereof, but also because
it provides performance figures in a way that may not allow a straightforward
comparison between different works. Considering that by now narrowband organic
photodetection builds on a vast body of literature and varied interdisciplinary
knowledge, the need is thus manifest for a comprehensive and unified treatment of
this topic. Addressing this very need, the present book in fact constitutes—to the
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best of the author’s knowledge—the first ever and most extensive monograph on the
subject. For the sake of comprehensiveness, this book covers organic photodetectors
with narrowband character in the visible, near-infrared and ultraviolet ranges.
Aiming for a self-contained treatment, this book additionally covers the background
of pertinent physical, material and device engineering aspects. In order to overcome
the heterogeneity of the literature, this book presents a unified treatment of the
narrowband strategies employed with organic semiconductors, and offers a con-
textualisation of the material innovations in terms of families of compounds and
molecular design approaches. In the same direction, this book additionally offers a
comprehensive and cross-sectional analysis of the literature, highlighting perform-
ance trends in relation to material and device physics aspects, and providing an
extensive tabulated collection of performance data.

In regard to its structure, the present book takes the reader on a journey from the
basic concepts to the latest scientific literature on narrowband organic photo-
detection, while covering the subject from several angles—materials, physical
properties, device physics and engineering, and technological implications. The
foundation layer (chapter 1) illustrates the motivation for an organic route to
narrowband photodetection. It does so by surveying the wealth of relevant
application areas and the properties that make organic semiconductors particularly
attractive for such applications. The book then presents a discussion of the essentials
of organic semiconductors and photodetectors thereof (chapter 2). This discussion
identifies the key aspects underlying the capability of organic semiconductors to
deliver narrowband photodetection. After presenting the physical mechanisms
through which light in such materials is converted into an electric signal, the devices
which implement this functionality are illustrated, along with the corresponding
performance metrics. The specifics and significance of narrowband photodetection
are then presented (chapter 3). This is coupled with a detailed treatment of the many
narrowband strategies that have been pursued with organic semiconductors. The
book finally delivers an in-depth analysis of the literature implementations of
organic narrowband photodetectors and associated integration works. The discus-
sion examines the numerous aspects involved: materials and processing (chapter 4);
performance metrics and underlying trends (chapter 5); and integration schemes for
specific applications (chapter 6).

The comprehensive and harmonised treatment of narrowband organic photo-
detection provided in this book is particularly relevant to researchers and technol-
ogists active in the area of photodetection and/or organic semiconductors. In view of
its extensive survey of the literature, this book additionally serves as a useful
reference text for experts and practitioners working in organic semiconductors,
printed and flexible optoelectronics, and/or sensors and imaging devices. Finally, by
covering both the basics and the latest trends in organic narrowband photodetection,
this book is also relevant to physics, chemistry and engineering students and
enthusiasts, especially those interested in organic semiconductors, optoelectronics
and/or colour/imaging science.
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A Acceptor

Al Artificial Intelligence

BHIJ Bulk heterojunction

CCN Charge collection narrowing

CCNx Charge collection narrowing with gain
CFA Colour filter array

CIE Commission Internationale de I’Eclairage
c-Si Crystalline silicon

CT Charge transfer

D Donor

D:A BHJ between a D and an A

DIA PHIJ between a D and an A

DBR Distributed Bragg reflector
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EQE External quantum efficiency

ETL Electron-transport layer
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HTL Hole transport layer

InpF Input optical filtering

IntF Internal filtering
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IntF-1x  Single-component internal filtering with gain
IOEF Internal optoelectronic filter

IoT Internet of Things

IP Tonisation potential

IQE Internal quantum efficiency
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NBA Narrowband absorption
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NP Nanoparticle
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PMT Photomultiplier tube

QD Quantum dot

R2R Roll-to-roll

! Abbreviations of chemical compounds referred to in the text are not listed here, as they follow the relevant
journal papers or the dominant nomenclature in the literature.
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