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INTRODUCTION


The advent of solar power has made a huge impact
on all of us. It changed paradigms on how society lives, works and
plays. Creating useful energy from the sun introduced us to the
words “photon” and “solar cell.” Solar power has enabled millions
of people all over the earth to live without dependence on an
electrical grid owned and operated by others.

 


This book is about the manufacture and
use of solar cells and solar panels in our everyday lives. And for
most of us, our relationship with solar began just a few decades
ago.

 


The mid-1900s were exciting times. The Second World War had
ended and innovation was quickly occurring. The transistor solid state device was
invented in 1947 and improved throughout the 1950s. The personal
computer revolution was just ramping up and inventors were
appearing all over the world. In 1974 the Altair Mark-8 became the
first personal computer. A year later, the IMSAI and MIT desktop
computers arrived. And 1977 saw the Commodore PET, Tandy Radio
Shack TRS-80 and the Apple computers appear on the market.
Technology was alive and the Personal Computer Revolution was in
full swing. I did my first college degree using cardboard punched
cards with a mainframe computer. Soon I was using an Apple Iie, a
floppy disk, and loving the experience. I learned how to program my
personal computer using a program called BASIC and the whole world
became wrapped up with using these new machines to do work and make
the heavy calculations of the day. In 1981, IBM legitimized the
personal computer and the term PC became an integral part of daily
work.

 


In
1982, I was serving in the military, having completed 11 submarine
deployments and graduate school studying electrical engineering for
an MSEE. This was when technology was racing along and solid state
integrated circuits were being introduced almost daily.

 


I
earned my master’s
degree in electrical engineering and had been transferred to a
research lab in San Diego where I worked on a new government
technology project called Very High Speed Integrated Circuit
(VHSIC). The government and industry were working together to
greatly expand the number of electronic circuits that could be
created on thin wafers of solid silicon.

 


One day my project manager invited me to go with him to Dallas, Texas to
attend a conference and meet with an innovator named Jack Kilby.
Jack was the inventor of the first solid state electronic circuit.
He achieved his breakthrough in technology while working at Texas
Instruments (TI), one of the leading electronic manufacturing
companies of the time. Jack was an easy-going and soft spoken
brilliant engineer. At dinner I told him that I was doing
presentations in San Diego describing how two barefoot guys on the
beach running their toes through the sand (silicon) came up with
the idea of creating the integrated circuit. Jack laughed and told
me he made his breakthrough inventing the integrated circuit during
a scheduled two-week plant shutdown at TI. He was too new at TI to
qualify for holiday time off, so he worked diligently in the lab
during the shutdown. At the time, the
recently invented transistor was inspiring engineers to design
evermore complex electronic circuits and equipment containing
hundreds or thousands of discrete components such as transistors.
Transistors were amazing, but they quickly filled up a circuit
board with individual components. And they were soldered into the
board.

 


In 1957, Russia surprised the world by
launching Sputnik, the first artificial satellite, initiating a
space race between the U.S. and Russia. Then President John Kennedy
told Congress he wanted the U.S. to beat the Russians by putting
the first man on the moon regardless of the cost. And the
technology race was on. Back then, our rockets used discrete
electronic components wired together and the components were
shaking loose during launch. We needed another form of component
that would withstand the shock of launch and space travel and work
as intended once in space. And this is where Jack Kilby came in. He
wanted to use solid material as the structure for electronic
circuits. He found a way to make resistors and capacitors function
on the same piece of semiconductor (solid state) material—in this
case a small block of germanium. (A transistor is a unique
configuration of resistors and capacitors.)

 


During that 1959 holiday shutdown,
Jack got his integrated circuit to work fueling a revolution in
microelectronics and enabling our country to successfully reach and
put a human on the moon. His solid state circuitry also paved the
way for the Information Age and the arrival of the personal
computer. He won the Nobel Prize in Physics and the National Medal
of Science for his efforts, and society was changed
forever.

 


I didn’t realize it at the time I met
him in the early-80s; that he also had a unique hobby at the time.
Jack was exploring the use of another solid state material
(silicon) to generate electrical power from sunlight. And solar
power using solid state material was soon to be a favorite
scientific endeavor of mine.

 


Solar is About Radiated
Energy


Everything on earth is vibrating at some
frequency. Even the earth itself vibrates at about 8 cycles or
Hertz (Hz) each second. The radio spectrum (AM and FM) operates
between 10 Hz and 100 Hz. Seventy years ago campers could listen to
AM radio using a simple $1.49 crystal radio and a headset. The
design was simple. Just connect a needle touching a germanium rock
to a headset and radio frequency (RF) vibrations in the rock would
let you hear AM radio programs that had been transmitted out from
radio antennas. These vibrations were detected by all germanium
crystals and made radio available to eager listeners. No power was
required; just a rock of germanium, a needle, some wires and a
headset. You can find the RF frequency spectrum online. All
communication is allocated a place on this wide range of
frequencies. There is even a frequency associated with solar
radiation.

 


When you hear the word, “solar”, think
of the word “photon.” Photons are radiation caused by gaseous
explosions (solar flares) on the surface of the sun. When a solar
flare erupts out from the sun, photons of electromagnetic radiation
are released out into space. These photons are particles that race
out from each explosion in the form of waves. It takes 8.3 minutes
for a wave of these particles (photons) to reach earth. Photons
have no mass, but they can transfer energy into solid materials.
They are responsible for causing living tissue to grow and thrive.
They are also responsible for photosynthesis to occur in plants and
trees. We owe our very lives to the existence and operation of the
sun and the photons that wash over us.

 


A solar collector is a material that
reacts to incoming photons to create an electrical potential. Sun
exposure over the earth can create between 4 and 6.5 kilowatts (kW)
of electricity per square meter of solar collector. Collectors or
“solar panels” have an average conversion efficiency (photon to
electricity) of 15 to 27 percent, depending on the material used to
make the solar panel.

 


A 150 watt solar panel measures about
a square meter (about 39 x 39 inches). It can convert photons into
electricity producing 0.75 kW of electrical energy each hour
depending on the weather. Thus a 150W solar panel can generate
about 0.75 kWh (kilowatt hours) of electricity. Increase the size
of the solar panel or connect more solar panels together and the
system can produce more kilowatt hours of energy.

 


How Solar Power Gets
Generated

 When the French physicist
Alexandre Edmond Becquerel discovered that electricity can be
generated from sunlight back in 1839, he made a significant finding
and became the father of solar energy. He was working on heating
water and designed a way to create steam from hot water using
sunlight. Becquerel became a driver for what history later labelled
the Industrial
Revolution.

 


Becquerel caused such a stir among the
scientific community that there is little wonder why engineers like
Jack Kilby became so intrigued with sunlight causing electrical
energy to be created inside solid material such as germanium and
silicon. The discovery was so revolutionary that thousands of
researchers explored how to use this technological gift. From their
experiments, we learned that electrical current can be generated by
the sun and used to energize appliances and a multitude of such
devices.

 


Silicon is a good
conductor of electricity and is affected by the presence of
photons—discrete units of energy radiated out from the sun. The
source of all our solar power is the sun—that globe in our sky.
You’ve probably seen pictures of our sun with flare-ups of hot
gases that rise out of the surface like a volcano on earth. Each
time a flare-up occurs, a group of particles call photons are
released and travel like a wave of energy out across space to
earth. These waves of photon particles travel almost 92 million miles from the sun to us here on earth in
just a few minutes.

 


As these particles wash
over earth they can be used to create energy. In a solar system, electrical voltage is generated when
photons strike devices that can create direct current (DC) potential. The
sun-driven solid state system is called a photovoltaic (PV) power generator. This generator includes solar cells,
solar panels, solar modules and solar arrays.

 


The term
“photo” is from
the Greek word “phos” or light, and “voltaic” comes from
“volt”, a term
introduced by Volta (1745-1827) as he studied electricity about 200
years ago. It turns out that photons striking certain materials
such as silicon can cause an electrical charge to develop in the
material. (Recall the vibration/frequency crystal radio discussion
earlier.) This electrical charge can be conditioned and stored in a
battery or applied to a device called an inverter to create
alternating current (AC), the electricity we use in our homes, work places and
literally everywhere on earth.

 


In a this solar power
system we can get alternating current (AC) from a direct current
(DC) solid state material by applying the DC output from a solar
collector to an inverter. The inverter changes the direct current
into alternating current. So the DC voltage-current combination
from the solar panel is connected to an inverter that converts the
DC to AC creating useful AC electrical power.

 


Solar panels are
identified by the watts of power they generate. Connect panels
together and you can produce kilowatts (thousands of watts) of DC
power. And it all starts with photons making contact with a solar
cell in your solar panel.

 


Amps, Volts, and Watts
Defined

 Here’s how I explain amps, volts, and watts in a solar power
application.

 


Start with work. Work is
measured in joules—after the English physicist, James Prescott Joule
(1818-1889). He defined a unit of energy—joule—as the work required
to move an electric charge across an electrical potential in one
second. Work is the force applied to cause displacement. Work is
mass times velocity per unit of time times displacement. It’s the
energy transferred every second. It’s described in
watts Think of work as
watts per second.

 


A watt refers to
transferring one joule every second. A thousand watts is a
kilowatt. Now add in time. Apply electrical power to a 10 watt LED
for 100 hours and you’ll consume 1000 watt hours (10 watts x 100
hours = 1,000 watt hours or 1 kilowatt hour of energy). In terms of
the joule, a joule is 2.78 x 10-7 kilowatt hours (kWh). Expressed another way, one watt hour is
3600 joules, so one kilowatt hour is 3.6 million joules (3600
joules times 1000 = 3,600,000 joules). But focus on the term
watt because this is how
we think of energy produced or consumed.

 


The output of a solar
panel is direct current (DC) at some electrical potential
(voltage). If this current is applied to an inverter, the DC can be
changed into alternating current (AC), the electricity we use in
our home to energize lights, and operate motors such
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