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DI soherical Cells Promise To Expand

Applicationsfor Solar Power

By harnessing more sunlight, spherical silicon micro solar cells developed by Kyoto
Semiconductor Corp. offer a new direction for solar power generation.

ecause it is a clean and renew-

able, solar power is an attrac-

tive source of energy. However,

for solar cellsto proliferate, two
challenges need to be addressed. Firgt, the
cost of solar cells must be further reduced.
Second, applications for solar cells must
be expanded.

In Japan, the New Energy Development
Organization (NEDO) leads effortsin this
area. Through NEDO'’s efforts and col-
laboration among Japan’sindustrial, aca-
demic and government sectors, Japan has
grown into the leading producer of solar
cellsin the world.

Current residential solar power gener-
ation systems generate power at acost of
¥70 to ¥100 per kilowatt-hour. Thisis
roughly three times the cost of conven-
tional residential electrical power and six
times that of commercial electric power.
This high cost is an important factor in
holding back thelarge-scale proliferation
of these systems.

In addition, solar power generation sys-
temsare being used only in residential ap-
plications as supplemental power to ex-
isting power supplies.

With conventional energy sources be-
coming scarce and with thelooming prob-
lem of global warming, solar power should
be more widely applied.

One way to make better use of solar
power isto develop it into aprimary power
source. To makethispractical, power gen-
eration costs must be reduced. Also new
power generation systems must be de-
veloped that would, for example, elec-
trolyze water using surplus electrical
power generated during the day to pro-
duce hydrogen and oxygen gas. That hy-
drogen and oxygen would be stored to be
later supplied to fuel cellsand gasturbines
when required to generate el ectrical power.

Kyoto Semiconductor Corp. has de-
veloped spherical silicon micro solar cells
designed to play acentral rolein these so-
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lar power generation systems. They also
offer the promise of reducing the cost of
solar power generation equipment and
making such equipment easier to use.

Greater Efficiency

Conventional solar cells employ aflat
light-receiving surface regardless of the
kind of semiconductor, the shape of the
bulk crystalsor the structure of the amor-
phous crystalsemployed in the cells. Mod-
ules consisting of rows of these cellsalso
aretypically flat.

Solar cells vary in weight depending
ontheingallation site of the module. Sun-
light enters each cell from al directions
in the form of direct radiation, reflection
and scattering. However, in conventional
moduleswith flat light-receiving surfaces
on one side, the light that entersthe solar
cdlsislimited to the two-dimensiona size
of thelight-receiving surface. Thismeans
that very little of the light shining onto
the sides and back of the cells can make
any contribution to power generation.

To make sure the modules capture as
much sunlight as possible, installers of
conventional solar cell modules select the
best possible azimuth and angle of incli-
nation for the light-receiving surface.
However, when theincident angle changes
with the movement of the sun, reflection
on the light-receiving surface increases,
decreasing power output.

To be more effective, asolar cell must
make use of sunlight entering from all di-
rections. This increases optical input,
which in turn increases output.

Spherical micro solar cells are such
cells. They have alight-receiving surface
covering the entire sphere, enabling more
light to enter the cellsfor greater electri-
cal power generation.

Spherical Silicon Crystals
The production of spherical silicon cdlls
differs significantly from the production

of conventiona solar cells. Bulk solar cells
now in use are made from recycled scraps
and other remnants of high-purity silicon
for semiconductor devices. Thissliconis
re-melted, formed into ingots and then cut
into wafers. They are then formed into
square cells measuring 15cm on a side
with athickness of about 0.3mm.

The wafers could be made thinner,
which would reduce waste and costs.
However, thinner wafers are more likely
to break during handling. Thus they are
thicker than otherwise necessary only to
maintain strength, adding to material costs.

One way to address this problem is
through the use of amorphous and mi-
crocrystalline structures formed when a
silicon thin film is generated from a va-
por phase. However, solar cells made in
thisway have alower photoel ectric con-
version efficiency than bulk varieties.
Also, they deteriorate more readily than
other models, require expensive vapor de-
position equipment and need costly high-
purity glass as a substrate.

Better Solution

Spherical silicon solar cells offer abet-
ter solution. First, thelight-receiving sur-
face receives light from all directions. It
ismade up of silicon formed into spheres
with p-n junctions over most surfaces.

Second, spherical cells, formed as mi-
crospheres, have adiameter of about 1mm
which raises the ratio of surface areato
volume. This means a small amount of
silicon forms alarge light-receiving sur-
face, saving on the cost of materials.

Third, single crystals are produced by
melting granular silicon polycrystals and
then allowing them to solidify into spheres
using surface tension in a microgravity
environment. This eliminates the pro-
cessing loss associated with conventional
wafer production, ensuring a high photo-
electric conversion efficiency and reduc-
ing problems related to deterioration.
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The production process begins when
granular siliconisfed into the upper melt-
ing unit whereit meltsand then falls (Fig.
1). During the course of falling about 14m
in 1.5 seconds, the silicon solidifies into
spheres to produce single crystals. Dur-
ing melting, the volume of the silicon
shrinks and impurities evaporate from the
molten liquid surface. After the silicon so-
lidifies, the purity isfurther increased by
subsequent etching processes to remove
impurities on surfaces.

With thismethod, lesssiliconisrequired
for producing acell and processing costs
are low. Additionally, this method pro-
duces strong, high-quality spherical crys-
tals while conserving resources, saving
energy and saving time.

Texas Instruments Inc. (TI) has con-
ducted research on similar methods for
producing solar cells using spherical sil-
icon. TI researchers propose spherical so-
lar cells made by affixing silicon spheres
that form ap-njunction so asto allow di-
rect contact by two isolated aluminum fail
layers on aflat substrate and each p and
n surface. Instead of each cell having an
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Fig. 1: Method and production equipment for producing

Fig. 2: Structure and production process of spherical micro solar cells with anti-reflec-

tion film

independent set of el ectrodes, thecellsare
all connected in arow in contact with the
aluminum foil while sharing
electrodes. Consequently, the
positive and negative dectrodes
of the cells are biasly formed
on acommon subgtrate, and the
substrate blocks out light on
the back side, restricting the
capture of surrounding light. In
addition, the cells can only be
connected in parallel.

In contrast, spherical micro
solar cellseach havetheir own
independent electrodes, and the
cells themselves can each be
used alone as minute solar
cells. Because the electrodes
are provided in opposition at
symmetrical locationsrelative
to the center of the sphere, the
electrodes of adjacent cellscan
be directly coupledin seriesus-
ing an adhesive. Because this
allowsthe effective use of light
in al directions in addition to
the axial direction when the
cellsareintegrated into amod-
ule, output is improved and
Separation resultsinits non-di-
rectivity (Fig. 2).

Compared to conventional
processes for making solar
cells, the process for making
spherical micro solar cellsis

simple. According to measurements us-
ing the light of a solar simulator from a
singledirection (Fig. 3), output increases
by afactor of 1.5 when areflecting plate
isplaced in back of the cell. Furthermore,
when laterally scattered light isincorpo-
rated, output nearly doubles. Therefore,
through the effective use of surrounding
light, output is significantly higher than
that produced by flat solar cells.

Solar Cell Modules

In aconventional residential solar cell
module using bulk crystals, afiller sheet
and square solar cells measuring 10 to
15cm on aside are arranged on front pro-
tective transparent glass. The cellsarethen
connected in serieswith an inner lead. A
laminated sheet is affixed to protect the
back of the cells and the entire structure
iscontained in an auminum frame. How-
ever, because of the size of thewafers, the
cellsare especialy fragile. Also, the mod-
ules are troublesome to produce because
of al thework of arranging and connect-
ing the cells.

Modules using spherical micro solar
cells are much easier to manufacture.
These can be produced first by coupling
the required number of cellsin seriesand
in paralel, and then molding the entire
structure, excluding the external termi-
nals, into a single unit with transparent
resin, thereby forming a package.
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Through the use of curved surfaces,
light convergence and reflection are pre-
vented. Also, the package has a coating
of anti-reflectivefilm. Thesefeatures serve
to increase the amount of external light
reaching the module.

Moreover, the structure uses an optical
design that guides as much light as pos-
sible to the cell surface inside the resin.
That is, the structureis nearly free of com-
ponents that block light. Light is only
blocked in the axial direction, the direc-
tion in which the cells are coupled.

A basic module using spherical micro
solar cells would typically have a white
reflector added to the back side (Fig. 4).
Each cell string would have a spherical
reverse current preventing diode. Thecells
would be molded together with transpar-
ent resin. Thereflector would reflect light
that passes between each cell string back
onto the backs of the cells, thusincreas-
ing the amount of light reaching each cell.

The simplicity of this structure makes
it suitable for mass production. Through
the use of standard sizes and other means,
makers can reduce costs and facilitate ef-
ficient coupling.

Solar cell panels using spherical micro
solar cells can be made in various sizes,
curvatures and colors to match diverse
needs (Fig. 5). The modules can aso be
replaced easily.

These panels can be installed on the
sides of buildings and vehiclesto take ad-
vantage of their low-directivity charac-
teristics. Other uses also will tap the en-
hanced design.

While solar power has
many obvious benefits,
many problems still re-
main. For example, solar
power generators cannot
be counted on during
darkness, and their out-
put fluctuates a great
deal. Furthermore, solar
power generatorstake up
considerable amount of
space and are costly.
How these problems are
addressed will determine
therole solar power gen-
eration will play in this
century.

Spherical micro solar
cells may provide some
of theanswers. Such cells
are more efficient than
conventiond cellsat con-
verting light to power.
They aso should reduce
material and production
process costs. In addition,
duetothelow leve of di-
rectivity, they allow
space to be used three-di-
mensionally, enabling
panelsto beinstalled ver-
tically, thereby saving space.

Because spherical micro solar cellscan
also be protected with transparent glass,
they are suited to methods for generating
hydrogen and oxygen. They can, for ex-
ample, beimmersed in an dectrolysistank.
In such atank, the cells could capture sun-
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Characteristics of spherical micro solar cells
(diameter: 1.8mm)
e Output increases roughly 1.5 times when a reflective
plate is provided on the back side. When laterally
scattered light is incorporated, output nearly doubles.
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Ambient temperature : 24;C

Open circuit voltage Voc = 0.546V

Short circuit Isc = 0.83mA

Current density Jsc = 33.2 mA/cm?
Optimum operating voltage Vpm = 0.42 V
Optimum operating current Ipm = 0.76 mA
Output power P = 0.319mW

Curve factor FF = 0.7

Conversion efficiency n = 12.7%

(AM 1.5, 100mW/cm?, no anti-reflective film,
irradiated on one side)

Fig. 3: Basic characteristics of spherical micro solar cells
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Fig. 4: Basic module using spherical micro solar cells

Fig. 5: Prototype of spherical micro solar cell module

light entering the tank and provide energy
for hydrolysis. The hydrogen and oxygen
generated in this way can be stored,
thereby enabling unused electrica energy
to be accumulated in the form of chemi-
cal energy. Thisgas can be used for power
generation by fuel cells. A power gener-
ation system combining solar cells and
fuel cellswould be able to generate elec-
tricity even in the absence of sunlight.
Many have high hopes for such systems
to stimulate demand for solar cellswhile
at the sametime providing amore benign
alternative to the use of fossil fuels.
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