lar cells have come to be in-

creasingly utilized. The cumula-

jve capacity of solar cell power

eneration systems installed in

2000 reached 711MW worldwide and

317MW in Japan. And in the future, the

installation of solar power systemsis ex-
pected to grow rapidly.

Favorable conditions are gpeeding up the
installation of these systems. The im-
provement in manufacturing technology
has made it possible to lower production
cogts, and the governments of various coun-
tries are taking measures for the introduc-
tion of solar cell systems. Thepublic onthe
other hand, isgetting moreand more aware
of theissue of the global environment and
the problems of future energy resources.

Working With the Source
Needless to say, sunlight isthe energy
source of solar cells, which are designed
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Fig. 2: Cross sectional structure of spherical Si micro solar cell device

to capture sunlight and convert it to elec-
tricity. Assuch, asolar cell power gener-
ation system is very simple. Unlike fos-
sil energy resources, which are distributed
unfairly on the earth, a solar cell power
generation system can produce
electricity directly anywhere
thereislight, so that thereisno
need to worry about the deple-
tion of resources or an adverse
effect of waste on the environ-
ment. Because of these advan-
tages, the gradual spread of its

__—— IS, ilizationisanatural course of
things.
Solidification However, thereare not afew
et problems to be addressed for a
further spread of this power gen-
ﬁbe"_" eration system. Basically, it can-
not produce e ectricity when and
where there is no light, thus it
Gas inlet must be supplemented by other
— —, To vacuum pump O

k =l e
Camera window | Solidification

(1U|d tank for recovery of [
spherical single crystals

Fig. 1: Equipment and method for manufacturing spherical O

micro solar cells (model)

or gas outlet

energy sources. Therefore, it
must be devel oped in combina-
tion with other energy storage
and power generation systems
such as batteries and fuel cells.

Overcoming Obstacles
Asfor the problemswith the
solar cell itself asapower gen-
eration device, afurther reduc-
tion in the production cost of
solar cell systemsisneeded. As

the matter stands at present, the power
generation cost by solar cellsisabout two
or three times higher than that of utility
power supplied to ordinary households.
Furthermore, since asolar cell systemis
exposed to sunlight, it isimportant that it
should beimproved in weatherability and
durability so that it may be sufficiently
reliable.

Coming Up With Solution

It is more than half a century since the
solar cell power system was invented. It
has been aproduct rather in the shade com-
pared with semiconductor 1Cs and other
semiconductor products whose progress
has been spectacular.

So far, various material s and manufac-
turing methods, together with avariety of
solar cell types, have been developed and
introduced to the market. However, they
have been devel oped based on the types
that are designed to capture sunlight with
aflat surface. Kyoto Semiconductor Corp.
however has devel oped a spherical micro
solar cell that captures sunlight three-di-
mensionally (3-D) to improve its power
generation capacity.

Basic Concept of Spherical Micro
Cell

Sunlight is captured by asolar cell not
only as direct sunlight but also as light
diffused by clouds and as light reflected
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from buildings. The quantity and energy
of sunlight asincident light to asolar cell
vary according to the positions of the sun,
weather conditions and the conditions of
the aobjects around that reflect sunlight.
Therefore, the main point of a solar cell
isto capture as much sunlight as possible

1.20 ]
C i Y
1.00 S
< osf =
= - -
o 0.60
S C :
O 040
0.20
[ONOR v/ I N S N N A
00 01 0.2 0.3 0.4 05 06
Voltage/V

When one side is irradiated

Measurement temperature: 25°C[J
Open-circuit voltage Voc: 0.59V0
Short-circuit current Isc: 1.08mAQ
Optimum operating voltage Vpm: 0.48V0
Optimum operating current Ipm: 1.01mAO
Output power Pmax: 0.48mwWQJ

Fill factor FF: 0.75

Fig. 4: IV characteristics of spherical mic

To.0

under these conditionsto convert it to elec-
tricity. Viewed from this standpoint, it can-
not be said that solar cellswith aflat light
reception surface, which are now in prac-
tical use, can sufficiently meet these di-
verse conditions.

In contrast, the basic concept of aspher-

Solar simulator light sourcel]
AM 1.5 (100mW/cm?2)

0.80

o
)
a

0.40

Output/mwW

0.20

Reflection plate (diffusion plate)

Reflection plate » Output increased 1.5 times

ro solar cells

ical solar cell isthat a spherical sunlight
reception surface can capture light in al
directions and increase its power genera-
tion capacity and that it can minimize out-
put fluctuations even under direct sunlight
and even when the angle of reflected in-
cident light changes. Furthermore, the di-
ameter of aspherical solar cell should be
reduced in order to increase the propor-
tion of the light reception surface area of
a semiconductor crystal to its volume so
asto raise the efficiency of the material.

Manufacture of Spherical Silicon
Single Crystals

Since silicon exists in abundance as a
natural material and can be obtained at a
relatively low cost, almost al solar cells
use this material. Compared with amor-
phous and polycrystalline silicon, single
crystal silicon has higher conversion ef-
ficiency of light to electricity. It aso ex-
hibits higher reliability asit suffers dete-
rioration and other problems less than
other materials.

The spherical micro solar cell ismade
by using a sphere (with adiameter of 0.5
to 2mm) of single crystal silicon. The
sphereis obtained in the following man-
ner: A certain amount of material silicon
isfed to the upper part of adrop tube, 14m
high, and is melted and made to fall in a
free state through the tube. The molten
material silicon becomes spherical and
solidifiesin the course of the fall.

Impurities contained in the material sil-
icon are also removed in this process by
evaporation and segregation. This process
-- the manufacture of spherical singlecrys-
tals close in size to finished cellsin the
course of crystal manufacture -- elimi-
nates conventional production processes
such asthe pulling of single crystal ingots
and their slicing, thus reducing produc-
tion costs by saving power. (Fig. 1)

Cell Structureand Its Characteristics

Diffused on the surface of a p-type
spherical silicon single crystal without ex-
cepting for apart of its surface are n-type
impurities, and athin n-type layer is pro-
vided to form aspherical pnjunction par-
allel to the surface of the sphere. After
that, a positive and a negative electrode,
opposed to each other, are formed in the
centers of the p-type and the n-type sur-
face, respectively. Covering the other parts
of the surface with anti-reflection film
completesasolar cell (Fig. 2). This elec-
trode arrangement makes the cell
non-directive and can realize an even
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distribution of generated current, facili-
tating a series and parallel connection of
the cell to other cells.

Conventiond solar cellsinvariably have
aflat light reception surface and pn junc-
tions paralel to the light reception sur-
face, irrespective of the kinds of semi-
conductors employed, and no matter
whether they are bulk, thin film or amor-
phous crystals. Therefore, their output
power is the highest when incident light
isvertical relativeto it and the reflection
increases and the output declines, as the
angle of incident light becomes larger.
Furthermore, since the light reception sur-
faceisgenerally on one side, no electric-
ity is produced on the other side even if
light isshed on it.

In the case of a spherical micro solar
cell sphere, alarger part of itssurface can
receivelight excepting for its positive and
negative electrodes. It has an extremely
low degree of directivity and can capture
light in almost al directions to produce
electricity (Fig. 3).

Neither the output power of a spheri-
cal micro cell can be correctly measured
by a conventional method, nor has a
method yet been decided for its mea-
surement. Basically, a solar cell should
capturedirect, reflected and diffused light
for power generation, thus it cannot be
called an insufficient method to measure
the output power of asolar cell by show-
ering light on it vertically from a single
light source asisdonefor the output mea-

surement of flat-type light reception so-
lar cells.

A current-voltage (1V) measurement
system using a solar simulator (artificial
sunlight source) is employed to measure
the IV characteristics of a spherical mi-
cro cell, a method adopted for conven-
tional flat-type single junction solar cells
(Fig. 4). The output of asolar cell increases
50 percent if areflection plateis provided
on the opposite side of alight source com-
pared with its output measured without a
reflection plate. This means that there is
ample room for a spherical micro solar
cell to improveits output by devising ef-
fective ways of collecting reflected light.

The light-electricity conversion effi-
ciency of atest-manufactured spherical
micro solar cell was calculated by using
the conventional method of output mea-
surement. In casethelight of asolar sim-
ulator was radiated at AM 1.5 condition
inavertical direction relative to the axis
of the electrodes of a solar cell, itslight-
electricity conversion efficiency -- apro-
portion of itsoutput power to the radiated
intensity of illumination per projected area
-- was 18.9 percent without a reflection
plate. There is no doubt that this value
will be raised through the improvement
of design and production technology in
the future.

Structure, Characteristics of
Spherical Micro Solar Cell Modules

The spherical micro solar cell hasasin-
glespherical pnjunction. Thecell isvery
small, but its maximum open voltage is
the same as that of alarger flat junction
type cell.

If spherical micro solar cells are com-
bined, they respond to the need for alarge
capacity power source as well as for a
small capacity power source. The cells
are spherical and excellent in mechanical
strength, and anecessary number of these
cells can be connected for series or par-
allel connection. A small current and high
voltage module of spherical micro solar
cellsis economical, asit is small asa
whole because of itslow current, though
the number of cells connected in seriesis
large.

The test-manufactured module of spher-
ical silicon micro solar cellsissimplein
structure (Fig. 5). Themoduleis connected
in seriesand parallel with fine copper wire,
and is mounted on a white resin reflec-
tion plate, with its surface covered with
transparent resin. Measuring 130 x 130
x 10mm, it has 57 cells connected in se-
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riesand 30 cellsconnected in paralle. Un-
der direct daylight in the daytime on a
clear day, it develops a voltage of about
25V and a power of 1W (max.).

Anillustration (Fig. 6) shows the data
on the dependence on the angles of inci-
dent light of the output of a module of
spherical micro solar cellsarranged in two
layers (upper and lower layer) and that of
a flat-type silicon polycrystal solar cell
module with the samelight reception sur-
face, together with the outside views of
these modules.

The micro solar cell module used for
the measurement hasits cellsarranged so
that the gaps between adjacent cells are
filled with other cells, with a white re-
flection place underneath.

In case asolar cell is used outdoor for
power generation, the angle of incident
light changes astime passes. Thusit isnot
proper to compare the efficiencies of so-
lar cellsin terms of light-electricity con-
version efficiencies measured only when
asolar simulator isin avertical direction
relative to the module. Rather, compari-
son should be based on the quantity of
electricity generated by aday’s sunlight.
A spherical micro solar module is lower
in output decline and produces more el ec-
tricity than the flat-type solar module even

A new spherical solar cell module which
is flexible and can utilize light in all
directions

when the angle of incident light is small.

The photo above shows a test-manu-
factured flexible module with spherical
solar cells arranged on aflat surface and
connected inside a thin transparent resin
sheet. Thisisthin and transparent and can
be used in variousformsasasolar power
generation cell sheet, which partially re-
ceiveslight or partially shieldslight. The
photo showsthe module asitsfour diodes
emit light under sunlight.

Featuring Spherical Micro Solar
Cédls

Compared with conventiona solar cells,
spherical micro solar cells have simple
structure and require asimple production
process. Spherical micro solar cells can
be manufactured easily into standard mod-
ules, and with mass production, manu-
facturing costs will be further reduced.

Spherical micro solar cell modulesre-
spond to avariety of power source needs
ranging from an extremely small to a
large power source through free con-
nection of cells. Spherical micro solar
cell modules can respond in size and
shape to diverse design and other appli-
cation needs. Practically non-directive,
they can increase their output power
through improvement of the efficiency
of light utilization.

With abroad-ranging directivity, there
arefew restrictions on their mounting, and
asthey can be shaped freely, they will be
used on structures and cars in which im-
portance is attached to design.
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