
PREFACE

This is a book about the physics of solar cells, an electronic device that converts
sunlight directly to electricity. In 1950s, three scientists at Bell Laboratories (David
Chaplin, Calvin Fuller, and Gerald Pearson) invented solar cells as a ”long-lived
battery” to power telephone systems for remote locations in America. Everyone
soon realized that only a fraction (e.g. 0.0001%) of the 147 petaWatts of sunpower
incident on earth would satisfy the energy needs of the global population. At the
time, solar cells were too expensive and could only be used in niche applications.
Since then successive national initiatives have supported the development of the
solar cell technology to power satellites, reduce dependencies on foreign oil and
to combat global warming, and satisfy the basic energy grid-disconnected poor
across the world.

As a result, the price of solar cells has reduced to a point that we find solar
cells everywhere: installed in large arrays in vast solar farms, floating on lakes
and rivers, covering the rooftops, and so on. How does a solar cell work? How
efficient can it be? Why are there intricate patterns of metal lines decorating the
surface of a solar module? How do they arrange the modules in a solar farm to
maximize energy harvesting? What do you store sunlight during the day so that
you can use it at night? And, how long does a solar farm live profitably? The book
will answer all these questions and much more.

Many books have been written about solar cell technology. This book is differ-
ent in several ways:

1. An end-to-end perspective. The physics of solar cells span a fantastic range
in space and time. There exists a 17 orders of magnitude different in length-
scale between sub-nm scale photon-atom interaction to the panel-design for
the Mars Rover or Juno space-craft to Jupiter working hundreds of millions
miles away from the sun. Similarly, the sub-ns radiative recombination pro-
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cess differs from decades-long degradation due to corrosion (for example) by
15-16 orders of magnitude in time. Most researchers focus on a small block of
the space-time range and communicates by jargons inaccessible to outsiders.
The book unifies these diverse specialized topics within an end-to-end mod-
eling framework, because significant advancement is possible only with an
appreciation of the broader context.

2. A new conceptual infrastructure. For the unified treatment of the field, we
needed to develop an simple analytical infrastructure that does away with the
traditional approaches to various topics. We describe the thermodynamics of
solar cell operation, the diffusion of photo-generated carriers across a junc-
tion, the drift of current across an optimized grid, the layout of a solar farm,
all without using a single differential equation. Each concept is presented in
a simple, crystal-clear form, so that the implications of the ideas are immedi-
ately obvious.

3. Fundamental limits as a beacon and a guardrail. The second-law of ther-
modynamics has helped discredit numerous proposals for ”perpetual motion
machines.” Today, the Nernst limit of eletro-chemical systems, the Boltzmann
limit for transistors, Landauer limit for energy dissipation, Diffusion limit for
biosensors, and Shockley-Queisser (S-Q) limit for solar cells, play the same
role in scrutinizing new ideas. Since S-Q limit is a composite limit – built
on the corresponding limits of Short-circuit current, open-circuit voltage, and
fill-factors – it can be used to identify conceptual errors and/or measurement
artifacts. Indeed, the ”S-Q limits” for solar farms, energy storage, and re-
liability can guard- against over-enthusiastic predictions or unsubstantiated
claims regarding new PV technologies. In this book, you will find repeated
discussion regarding these limits so that one can read the fast-moving litera-
ture more thoughtfully.

4. Analogies for inspiration. The ability to harvest light for energy is a perva-
sive capability in biology. It is not surprising therefore that photosynthesis
in plants and cyanobacteria have many similarities to photon-harvesting by
solar cells; biomimetic nanophotonic structures improves light collection; the
veins in a leaf have similar fractal dimension as the grids on a solar module;
the undergrowth harvesting light diffusing through a forest canopy is not so
different from solar farms harvesting diffused light in smog-filled cities with
low clearness index. The analogies allow us to borrow conceptual techniques
already developed in other fields and inspire innovative design of solar farms.

The book will not teach you how to make a solar cell, but it will teach you how
to make a solar cell better, to trace and reclaim the photons that would have been
lost otherwise. The book will show how collaboration across multiple disciplines
make photovoltaics real. The book will also tell you regarding the importance of
reliability and a predictive, science-based recycling can reduce carbon footprint.
In short, we have a lot to talk about in this book. Please get a pencil and paper,
and let us begin.
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