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Description
TECHNICAL FIELD

[0001] The present invention relates to a light-receiv-
ing or light-emitting semiconductor apparatus, and more
particularly relates to an apparatus in which the outside
of a spherical semiconductor device with a light-receiving
or light-emitting function is covered with a light-transmit-
ting outer shell member so as to improve the light con-
densation performance or light radiation performance.
This can be used in various applications such as solar
cells, lighting devices, and display devices.

BACKGROUND OF THE INVENTION

[0002] Conventionally, research has been directed to-
ward a technology forming a pn junction via a diffusion
layer on the surface of a small-diameter spherical sem-
iconductor element composed of a p or n type semicon-
ductor, connecting many of these spherical semiconduc-
tor elements in parallel to a common electrode, and
putting to practical use for a solar cell or semiconductor
photocatalyst.

[0003] EP 0 866 506 A1 discloses a semiconductor
device composed mainly of one or more spherical sem-
iconductor elements each of which is constituted by form-
ing a photovoltaic power generating section and a pair
of electrodes on a spherical semiconductor crystal. It also
discloses a semiconductor device composed mainly of
one or more spherical semiconductor elements each of
which is constituted by forming a p-n junction and a pair
of electrodes on a spherical semiconductor crystal.
[0004] U.S. Patent 3,998,659 discloses a solar cell
configured such that a p type diffusion layer is formed on
the surface of an n type spherical semiconductor, the
diffusion layers of many spherical semiconductors are
connected to a common membrane electrode (positive
electrode), and the n type cores of many spherical sem-
iconductors are connected to acommon membrane elec-
trode (negative electrode). Document EP-A-0 940 860
discloses a spherical semiconductor device with a thin
outer shell.

[0005] U.S.Patent4,021,323 discloses a solar energy
converter (semiconductor module) in which p type spher-
ical semiconductor elements and n type spherical sem-
iconductor elements are disposed in series, these sem-
iconductors are connected to a common film-like elec-
trode, and the diffusion layers of these semiconductor
elements are brought into contact with a common elec-
trode inthe electrolyte, so that the electrolyte will undergo
electrolysis when irradiated with sunlight.

[0006] With the modules featuring spherical cells dis-
closed in U.S. Patents 4,582,588 and 5,469,020, each
spherical cell is attached by being connected to a com-
mon sheet-like electrode, so this configuration is suitable
for the parallel connection of a plurality of cells, but not
for the serial connection.
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[0007] Meanwhile, as discussed in U.S. Patents
6,204,545 and 6,294,822, the inventor of the present in-
vention has proposed a granular light-receiving or light-
emitting semiconductor device in which a diffusion layer,
a pn junction, and a pair of electrodes are formed on
spherical semiconductor elements composed of p type
or n type semiconductor, and in U.S. Patent 6,204,545
the inventor has proposed a semiconductor module that
is applicable to solar cells, photocatalyst apparatuses
used in the electrolysis of water, a variety of light emitting
devices, and color displays, and so forth. With this sem-
iconductor module, if any of the semiconductor device in
any of the serial connection becomes open through mal-
function, current stops flowing to the serial circuit includ-
ing that semiconductor element, the remaining properly-
functioning semiconductor devices in the serial connec-
tion also cease functioning, and the output of the semi-
conductor module decreases.

[0008] Inview of this, the inventors have come up with
a serial/parallel connection structure in which a plurality
of semiconductor cells are disposed in a matrix, the sem-
iconductor cells in each column are connected in series,
and the semiconductor cells in each row are connected
in parallel, and have filed several international patent ap-
plications.

[0009] However, the semiconductor module in U.S.
Patent 6,204,545 employs a structure in which the elec-
trodes of the semiconductor cells are connected so that
a plurality of semiconductor cells are connected in series,
and these serial connections are arrayed in a plurality of
planar rows, and the pair of electrodes of each semicon-
ductor cell is extremely small, so when the above-men-
tioned serial/ parallel connection structure is employed,
manufacture becomes complicated, it is difficult to pro-
duce alarge semiconductor module, and the cost of man-
ufacturing a semiconductor module rises.

[0010] Asdiscussedabove,the spherical semiconduc-
tor device proposed by the inventor has a small diameter
of only about 1 to 3 mm, so when it is applied in a solar
panel or light emitting panel, for instance, a large number
of these spherical semiconductor devices end up being
disposed just a few millimeters apartin a matrix. Because
so many of the spherical semiconductor devices are re-
quired in this case, manufacturing expense become high-
er. With a solar panel, it is possible to reduce the number
of spherical semiconductor devices needed by addition-
ally providing the spherical semiconductor devices in
each column with a cylindrical condensing lens, so that
the spacing between columns isincreased. However, the
position and orientation of the condensing lens must be
varied according to the incident direction of the sunlight,
and also a complex and expensive mechanism is needed
to movably support and control the orientation of the con-
densing lens, so this situation is impractical.

[0011] Meanwhile, in the case of a light emitting panel
used for lighting or display, The light emitted from the
small-diameter spherical semiconductor device tends to
be excessively bright, and it is difficult to construct a light
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emitting panel that emits soft light of the proper bright-
ness.

[0012] The object of the present invention is to provide
a light-receiving semiconductor apparatus with improved
condensing function that condenses light in a light-re-
ceiving spherical semiconductor device; a light-receiving
semiconductor apparatus with improved condensing
function and which is less apt to be affected by the mal-
function of some of the spherical semiconductor devices
when a plurality of spherical semiconductor device are
disposed in a plurality of rows and a plurality of columns;
a light-receiving semiconductor apparatus with improved
condensing function and in which a plurality of spherical
semiconductor devices disposed in one or more columns
are connected in parallel in each column unit; and a light-
emitting semiconductor apparatus with improved light dif-
fusion function that diffuses the light emitted from a light-
emitting spherical semiconductor device.

DISCLOSURE OF THE INVENTION

[0013] The light-receiving or light-emitting semicon-
ductor apparatus according to the presentinvention com-
prises a light-receiving or light-emitting semiconductor
apparatus, comprising at least one spherical semicon-
ductor device with a light-receiving function or a light-
emitting function,

wherein the spherical semiconductor device comprises
a p or n type semiconductor crystal with a spherical outer
shape, a pn junction formed substantially spherically on
the surface layer portion of this semiconductor crystal,
and a pair of electrodes connected to both ends of the
pn junction and located on either side with interposing
the center of curvature of the pn junction therebetween,
characterised in that

there is provided an outer shell member constituted so
as to cover an outside of the spherical semiconductor
device with a light-transmitting wall component whose
thickness is at least 1/4 the diameter of the spherical
semiconductor device, and so that the outer surface of
this outer shell member forms a sphere or partial sphere.
[0014] When this semiconductor apparatus is a light-
receiving semiconductor apparatus, external light is in-
cident on the outer surface of the outer shell member,
most of this incident light is refracted at the surface and
enters the interior of the outer shell member, eventually
reaching the spherical semiconductor device and gener-
ating photovoltaic power. Since the outer surface of the
outer shell member is spherical or partially spherical, the
incident light reaches the spherical semiconductor de-
vice and generates photovoltaic power even if the direc-
tion of incidence varies.

[0015] Because the outer shellmembercovers the out-
side of the spherical semiconductor device with a light-
transmitting wall component whose thickness is at least
1/4 the diameter of the spherical semiconductor device,
the outer shell member exhibits a condensing function,
there is an increase in the light-receiving surface area
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per spherical semiconductor device, and more light
reaches each spherical semiconductor device.

[0016] When this semiconductor apparatus is a light-
emitting semiconductor apparatus, the light generated
from the substantially spherical pn junction is radiated in
substantially all directions, and is radiated to the outside
from the spherical or partial-spherical outer surface of
the outer shell member. Because the outer shell member
covers the outside of the spherical semiconductor device
with a light-transmitting wall component whose thickness
is atleast 1/4 the diameter of the spherical semiconductor
device, the outer shell member exhibits a light diffusion
function, the size of the light emission source is in-
creased, the brightness of the light radiated from the
emission source is lessened, and a softer light is radiated
to the outside.

[0017] The following constitutions can also be em-
ployed as desired.

(a) The outer surface of the outer shell member com-
prises a spherical light-transmitting capsule forming
the outer surface portion of the outer shell member,
and afiller composed of a light-transmitting synthetic
resin that is packed into this capsule and cured.

(b) Multiplicity of microscopic light scattering surfac-
es are formed on the outer surface of the outer shell
member.

(c) There is provided a pair of electrode members
respectively connected to the pair of electrodes of
the spherical semiconductor device and extending
through the outer shell member at least to the outer
surface of the outer shell member.

(d) A plurality of spherical semiconductor devices,
each having an outer surface covered with the outer
shell member that forms a sphere, are arrayed in a
matrix of a plurality of rows and a plurality of columns,
and there are provided a serial connection mecha-
nism for electrically connecting in series the plurality
of spherical semiconductor devices in each row or
column, and a parallel connection mechanism for
electrically connecting in parallel the plurality of
spherical semiconductor devices in each column or
row.

(e) A plurality of spherical semiconductor devices
are arrayed in a matrix of a plurality of rows and a
plurality of columns, there is provided a conduction
connection mechanism for electrically connecting in
parallel the plurality of spherical semiconductor de-
vices in each row or column, and the outer shell
member comprises a plurality of substantially spher-
ical outer shell components covering each of the plu-
rality of spherical semiconductor devices, and a flat
component formed integrally with the plurality of out-
er shell components.

(f) The conduction connection mechanism compris-
es a plurality of conductor wires, which are part of a
network structure constituted by the plurality of con-
ductor wires and a plurality of insulator wires laid out
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perpendicularly to these conductor wires.

(9) The spherical semiconductor devices have apho-
tovoltaic power generator that includes the pn junc-
tion.

(h) The spherical semiconductor devices have an
electro-optical converter that includes the pn junc-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The drawings illustrate embodiments of the
present invention.

Fig. 1 is an enlarged cross section of a spherical
semiconductor device;

Fig. 2 is an enlarged cross section of a solar ball;
Fig. 3 is an enlarged side view of the solar ball in Fig.
2

Fig. 4 is a detail enlarged cross section of the outer
shell member;

Fig. 5 is an enlarged cross section illustrating the
state when the inside of a capsule has been filled
with a liquid, transparent, synthetic resin;

Figs. 6, 7 are each an enlarged cross section of a
solar ball, and illustrating the behavior of light during
its receipt;

Fig. 8 is a detail enlarged plan view of a solar panel
in which the solar balls of Fig. 2 have been arrayed
in a plurality of rows and a plurality of columns;

Fig. 9 is an enlarged cross section along the IX-IX
line in Fig. 8;

Fig. 10 is a circuit diagram of an equivalent circuit of
the solar panel of Fig. 8;

Fig. 11 is an equivalent circuit partial diagram in
which part of the equivalent circuit in Fig. 10 has
been changed;

Fig. 12 is an enlarged cross section of the solar ball
pertaining to a modification example;

Fig. 13 is an enlarged cross section of the mold used
to form the solar ball of Fig. 12, a spherical solar cell,
and a pair of electrode members;

Fig. 14 is an enlarged cross section of the solar ball
pertaining to another modification example;

Figs. 15to 17 are diagrams related to the solar panel
according to another embodiment, with Fig. 15 being
a detail enlarged plan view of the solar panel, Fig.
16 a cross section along the XVI-XVI line in Fig. 15,
and Fig. 17 a cross section along the XVII-XVII line
in Fig. 15; and

Fig. 18 is an enlarged cross section of a light emitting
ball pertaining to another embodiment.

PREFERRED EMBODIMENT OF THE INVENTION

[0019] The most preferable embodiment of the present
the invention will now be described through reference to
the drawings.

[0020] First, descriptions will be made on a spherical
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solar cell 1 incorporated into a solar panel, which serves
as a light-receiving semiconductor apparatus. This solar
cell 1 corresponds to a spherical semiconductor device.
[0021] Fig. 1 shows an enlarged cross section of a
spherical solar cell 1. This solar cell 1 is made from a
spherical crystal 2 with a diameter of approximately 0.6
to 2.0 mm, composed of a p type silicon monocrystal with
aresistivity of about 1Q m. Aflat surface 3 with a diameter
of approximately 0.6 mm is formed at the bottom of this
spherical crystal 2. On the surface portion of this spherical
crystal 2 formed is an n+ type diffusion layer 4 (approx-
imately 0.4 to 0.5 pm thick) in which phosphorus '(P) has
been diffused, and a pn junction 5 that is substantially
spherical in shape. The 0.6 mm diameter of the flat sur-
face 3 is the size when the spherical crystal 2 has a di-
ameter of 2.0 mm.

[0022] A pair of electrodes 6, 7 (positive electrode 6
and negative electrode 7) are provided at the two ends,
with interposing the center of the spherical crystal 2 (the
center of curvature of the pn junction 5) therebetween.
The positive electrode 6 is disposed on the flat surface
3 and is connected to the spherical crystal 2, while the
negative electrode 7 is connected to the n+ type diffusion
layer 4. The entire surface other than the positive elec-
trode 6 and the negative electrode 7 is covered with an
antireflective film 8 (approximately 0.6 to 0.7 wm thick)
composed of a SiO2 or TiO2 insulating film. The positive
electrode 6 is formed by baking an aluminum paste, for
example, and the negative electrode 7 is formed by bak-
ing a silver paste.

[0023] A solar cell 1 such as this can be produced by
first producing the spherical crystal 2 by the method pro-
posed by the inventor in U.S. Patent 6,204,545, and then
forming the flat surface 3, the n+ type diffusion layer 4,
the pair of electrodes 6, 7, and the antireflective film 8.
When the spherical crystal 2 is produced, a dropping tube
with a height of approximately 14 m is employed, grains
of p type silicon (the raw material) are heated and melted
inside the upper end of the dropping tube, and the ma-
terial falls freely and solidifies while maintained in a true
spherical shape by the action of surface tension, thereby
producing the spherical crystals 2 in the form of substan-
tially true spheres. The spherical crystals 2 need not be
formed with a dropping tube, and may instead be formed
into spherical or substantially spherical crystals by me-
chanical grinding or another such method.

[0024] The flat surface 3 can be formed by mechani-
cally grinding part of the spherical crystal 2. Forming this
flat surface 3 makes the spherical crystal 2 less prone to
rolling, allows it to be chucked with a vacuum chuck, and
allows the positive electrode 6 to be distinguished from
the negative electrode 7. Next, when the n+ type diffusion
layer 4 is formed, the flat surface 3 of the spherical crystal
2 and the portion around the outer periphery of this flat
are masked with SiO2, and phosphorus (P) is diffused
as a n type impurity into the surface of the spherical crys-
tal 2 by a known method or the method disclosed in the
above-mentioned publication. The pair of electrodes 6,



7 EP 1 467 413 B1 8

7 and the antireflective film 8 can also be formed by a
known method or the method disclosed in the above-
mentioned publication. This solar cell 1 has an photo-
electric conversion function, and generates a photovolta-
ic power of 0.5 to 0.6 V when irradiated with sunlight.
[0025] Next, descriptions will be made on the solar ball
10, as a semiconductor apparatus structured such that
the outside of the above-mentioned solar cell 1 is covered
with the light-transmitting outer shell member 11.
[0026] Fig. 2 shows an enlarged cross section of the
solar ball 10. This solar ball 10 comprises the solar cell
1 located in the center, the light-transmitting outer shell
member 11 that covers the outside of this solar cell 1 with
a light-transmitting wall component whose thickness is
at least 1/4 the.diameter of the solar cell 1, and a pair of
electrode members 14, 15. This outer shell member 11
serves to increase the amount of light introduced into the
solar cell 1, and comprises a capsule 12 in the form of a
light-transmitting spherical shell, and a light-transmitting
filler 13 that fills this capsule 12. Due to the outer shell
member 11, light coming from various directions is easily
guided toward the spherical solar-cells 1, which increas-
es the amount of light received, so each solar cell 1 re-
ceives light over a greater area.

[0027] The capsule 12 is made of a transparent, insu-
lating synthetic resin (such as a polycarbonate, acrylic,
polyarylate, methacrylic, silicone, or polyester) or trans-
parent glass, and is 0.2 to 1.0 mm in thickness, for ex-
ample. In order for the interior of the capsule 12 to ac-
commodate the solar cell 1, the capsule 12 is formed as
a spherical capsule by bonding together a pair of hemi-
spherical capsule segments 12a.

[0028] In order for as much as possible of the light in-
cident on this capsule 12 from the outside to be guided
into the capsule 12, a multiplicity of microscopic irregu-
larities 12b in the form of pointed pyramids as shown in
Fig. 4 are formed on the outer surface of the capsule 12
as light scattering surfaces. These microscopic irregu-
larities 12b may be pointed pyramids as shown in the
drawing, or may consist of convex curved surfaces with
a small radius of curvature.

[0029] The filler 13 is provided by filling the inside of
the capsule 12 with a transparent, insulating synthetic
resin (such as a filler whose main component is a meth-
acrylic resin or a silicone resin) in the form of a liquid,
and then curing the filler by heating or UV irradiation. The
thickness of the light-transmitting wall component of the
outer shell member 11 (the thickness from the surface
of the capsule 12 to the solar cell 1) is preferably at least
1/4 the diameter of the solar cell 1. If the thickness of the
light-transmitting wall component is less than 1/4 the
above-mentioned diameter, almost no function of in-
creasing the quantity of light will be obtained. If the light-
transmitting wall component of the outer shell member
11 is too thick, however, there will be a greater portion
that does not contribute to increase the amount of light
guided to the solar cell 1, so the thickness of the light-
transmitting wall component of the outer shell member
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11 is preferably about 1/4 to 5 times the diameter of the
solar cell 1.

[0030] In order to reduce the reflection of light at the
surface of the capsule 12, it is preferable for the refractive
index of the material that makes up the capsule 12 to be
as near to 1.0 as possible, and for the refractive index of
the synthetic resin material that makes up the filler 13 to
be as large as possible. The majority of the outer shell
member 11 may be made up of a capsule having a plu-
rality of layers, with the optical refractive index decreas-
ing in stages from the center outward.

[0031] The pair of electrode members 14, 15 are pref-
erably made up of a metal with excellent conductivity
(such as copper, silver, or nickel). The electrode member
14 passes through a hole formed in the outer shell mem-
ber 11, the distal end of the electrode member 14 is con-
nected with solder or an electroconductive adhesive to
the positive electrode 6 of the solar cell 1, and the other
end of the electrode member 14 protrudes by a specific
length outward from the outer surface of the capsule 12.
The electrode member 15 passes through a hole formed
in the outer shell member 11, the distal end of the elec-
trode member 15 is connected with solder or an electro-
conductive adhesive to the negative electrode 7 of the
solar cell 1, and the other end of the electrode member
15 protrudes by a specific length outward from the outer
surface of the capsule 12.

[0032] When the solar ball 10 is produced, the solar
cell 1, the pair of hemispherical capsule segments 12a,
the pair of electrode members 14, 15, and the liquid raw
material of the filler 13 are readied, the pair of electrode
members 14, 15 are first attached to the spherical solar
cell 1, and this solar cell 1 with its attached pair of elec-
trode members 14, 15 is housed in the pair of hemispher-
ical capsule segments 12a, after which the capsule seg-
ments 12a are put together to form a sphere, and the
contact surfaces around the circumference are joined
with an adhesive to create a spherical capsule 12.
[0033] Next, as shownin Fig. 5, the electrode member
14 is made to protrude to the outside from one of the
holes in the capsule 12, the electrode member 15 is set
in place away from and to the inside of the other hole in
the capsule 12, and in this state the inside of the capsule
12 is filled with the liquid filler raw material as indicated
by the arrows. The solar cell 1 is then positioned at the
center inside the capsule 12, and UV irradiation is then
performed, for example, which cures the raw material to
create the filler 13.

[0034] The action of this solar ball 10 will now be de-
scribed. As shown in Fig. 6, when sunlight is incident, for
instance, because the outer shell member 11 is spherical
and the light incident on the outer surface thereof is guid-
ed to the center by refraction, the amount of light guided
to the spherical solar cell 1 is markedly increased by the
condensing action of the outer shell member 11. Further-
more, reflection at the boundary between the capsule 12
and the filler 13 creates an action whereby the light is
confined in the interior, so the amount of light received
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by the spherical solar cell 1 is increased.

[0035] The amount of light received by the spherical
solar cell 1 can be further increased by forming an antire-
flective film on the surface of the lower half of the capsule
12 of the solar ball 10 in Fig. 6. Fig. 7 shows the state
when the sunlight is slanted to the west, but since the
outer surface of the outer shell member 11 is spherical,
the conditions under which the light is received are sub-
stantially the same as in Fig. 6.

[0036] Next, descriptions will be made on a solar panel
20 in which many of the solar balls 10 are incorporated.
As shown in Figs. 8 and 9, this solar panel 20 comprises
a base panel 21 made of a light-transmitting, insulating,
synthetic resin, a plurality of solar balls 10 disposed in a
plurality of rows and a plurality of columns on this base
panel 21, a serial connection mechanism 22a for the se-
rial connection of these solar balls 10, a parallel connec-
tion mechanism 22b for the parallel connection of each
row of solar balls 10, a light-transmitting, synthetic resin
surface cover layer 23 that covers the top surface of the
base panel 21, the serial connection mechanism 22a,
and the parallel connection mechanism 22b, and so forth.
The base panel 21 is made of a transparent synthetic
resin (such as a polycarbonate, acrylic, polyarylate,
methacrylic, silicone, or polyester) or transparent glass,
having a size of 30 cm X 30 cm and a thickness of 3.0
to 5.0 mm, for example. Substantially hemispherical re-
cesses 24 for situating the solar balls 10 are formed in a
matrix of a plurality of rows and a plurality of columns at
a specific spacing on the top of this base panel 21. As
shown in Fig. 8, the serial connection mechanism 22a
and the parallel connection mechanism 22b are consti-
tuted by a plurality of strips of conductive film 25 formed
parallel to the planar portion on the top of the base panel
21. These conductive film strips 25 are composed of a
transparent, conductive, synthetic resin or a metal film
(such as copper or nickel).

[0037] The electrode members 14, 15 of the plurality
of solar balls 10 are oriented in parallel with their polarity
aligned, and these solar balls 10 are mounted in the plu-
rality of rows and plurality of columns of the recesses 24.
For example, the electrode member 14 on the positive
electrode 6 side faces upward in Fig. 8, the electrode
member 15 on the negative electrode 7 side faces down-
ward as viewed in Fig. 8, and the electrode members 14,
15 are connected with solder or an electroconductive ad-
hesive to the corresponding conductive film strips 25.
[0038] In other words, the plurality of solar balls 10 in
each row are connected in parallel by the conductive film
strips 25 on both sides, and the plurality of solar balls 10
in each column are connected in series via a plurality of
the conductive film strips 25. A positive electrode terminal
26 (external lead) composed of a thin metal sheet which
is connected to the conductive film strip 25 at the end on
the current output side, and a negative electrode terminal
27 (see Fig. 10) that is the same as discussed above is
connected to the conductive film strip 25 on the opposite
end from the conductive film strip 25 on this end on the
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current output side.

[0039] The surface cover layer 23, which is composed
ofalight-transmitting, insulating synthetic resin, is formed
over the upper surface of the base panel 21, except for
the part where the plurality of solar balls 10 are present.
The upper half of the plurality of solar balls 10 protrudes
beyond the surface cover layer 23. A metal reflective film
28 is formed on the lower surface of the base panel 21
in order to prevent light from being transmitted to the
underside of the solar panel 20. The reflective film 28 is
not essential, though, and.may be omitted.

[0040] With this solar panel 20, the light received by
the solar cell 1 is condensed by the outer shell member
11 provided to each of the solar balls 10, so each solar
cell 1receiveslightover agreaterarea. Accordingly, each
solar cell 1 generates more electricity, the utilization fac-
tor of the solar cell 1 is higher, and the solar cells 1 can
be arrayed at a greater pitch, which means that fewer
solar cells 1 are required. Since the upper surface of each
of the solar balls 10 is hemispherical in the solar panel
20, light coming from all directions in three-dimensional
space can be guided to the spherical solar cells 1, so
there is no decrease in power generating performance if
the direction of light incidence should change.

[0041] If we assume that the solar balls 10 are arrayed
in ten rows and five columns in the solar panel 20, for
instance, then an equivalent circuit of this solar panel 20
is as shown in Fig. 10, and the current generated as pho-
tovoltaic power by the 50 solar balls 10 flows from the
positive electrode terminal 26 to an external circuit.
[0042] Since the solar balls 10 in each row are con-
nected in parallel, and the solar balls 10 in each column
are connected in series with this solar panel 20, even if
there should be a decrease in or a halt to function due
to shade or malfunctioning of any of the solar balls 10,
just the photovoltaic power from these solar balls 10 will
decrease or come to a stop, and the output of the properly
functioning solar balls 10 will be diverted through the oth-
er solar balls 10 connected in parallel, so there will be
almost no adverse effect resulting from a malfunction or
decrease in function of some of the solar cells 1, the result
being that the solar panel 20 has excellent reliability and
durability.

[0043] AsshowninFig. 11, itis preferable here to pro-
vide an anti-reverse current diode 29 near the negative
electrode terminal 27. Specifically, when this solar panel
20 is connected to a battery, there is the danger that the
solar panel 20 will be damaged if current reverses from
the battery while the solar panel 20 is shut down at night,
so the flow of reverse current is prevented by the anti-
reverse current diode 29.

[0044] Next, a modification of the solar ball 10 will be
described.
[0045] With the solar ball 10A shown in Fig. 12, an

outer shell member 11A composed of a kind of filler is
provided instead of the outer shell member 11 discussed
above. When this solar ball 10A is produced, as shown
in Fig. 13, the pair of electrode members 14, 15 connect-



11 EP 1 467 413 B1 12

ed to the solar cell 1 are placed in molds 16, 17, a light-
transmitting, insulating, molten synthetic resin (such as
a polycarbonate or acrylic) is cast into a cavity 18 within
the molds 16, 17 and cured, which produces the solar
ball 10A. It is preferable, though, for microscopic light-
scattering irregularities similar to the those in Fig. 4 to be
formed on the outer surface of the solar ball 10A.

[0046] Next, another modification of the solar ball will
be described.
[0047] With the solar ball 10B shown in Fig. 14, an

outer shellmember 11B is formed in the shape of a partial
sphere such that approximately the lower third of the
sphere is removed. The upper surface of the outer shell
member 11B is formed as a partial sphere, while the bot-
tom of the outer shell member 11B is formed flat. The
outer shellmember 11B is made up of a light-transmitting,
insulating synthetic resin material. The solar cell 1 is lo-
cated at the center of the sphere of the outer shell mem-
ber 11B, the negative electrode 7 and the positive elec-
trode 6 are oriented up and down, respectively, the pos-
itive electrode 6 protrudes slightly from the bottom, and
an electrode member 15B connected to the negative
electrode 7 passes through the outer shell member 11B
and protrudes from the outer surface thereof. A metal
reflective film 19 is formed on the bottom of the outer
shell member 11B, divided by the positive electrode 6.
[0048] The performance of this solar ball 10B in terms
of receiving light incident from above is comparable to
that of the solar balls 10, 10A, and since the reflective
film 19 is formed, less light is transmitted to below. The
material expense is lower because less material is need-
ed for the outer shell member 11B.

Other Embodiment 1 (see Figs. 15 to 17)

[0049] Next; descriptions will be made on another em-
bodiment of a solar panel 50 in which many of the solar
cells 1 are incorporated. This solar panel 50 corresponds
to a semiconductor apparatus. With the solar panel 50
shown in Figs. 15to 17, a plurality of spherical solar cells
1 are arrayed in a matrix of a plurality of rows and a
plurality of columns, a conduction connection mecha-
nism is provided for electrically connecting in parallel the
plurality of solar cells 1 in each row or column, and there
is provided an outer shell member 51 comprising a plu-
rality of substantially spherical outer shell components
52 that cover the plurality of solar cells 1, and a flat com-
ponent 53 formed integrally with the plurality of outer shell
components 52.

[0050] The solar cells 1 are located at the center of the
outer shell components 52, the outer shell components
52 cover the outer surface of the solar cells 1 with a light-
transmitting wall component, and each of the outer shell
components 52 is formed integrally with its adjacent outer
shell components 52. The thickness of the light-transmit-
ting wall component of the outer shell components 52 is
preferably at least 1/4 the diameter of the solar cell 1.
The outer shell components 52 have the same function
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as the outer shell member 11 of the solar ball 10.
[0051] The conduction connection mechanism com-
prises a plurality of conduction wires 54, which are part
of a network structure 56 made up of these conduction
wires 54 and a plurality of insulator wires 55 disposed
perpendicular to the conduction wires 54. In this network
structure 56, the pairs of conduction wires 54 along a
column of solar cells 1 are provided at a spacing equal
to the diameter of the solar cells 1, and the pairs of insu-
lator wires 55 along a row of solar cells 1 are provided
at a spacing equal to the diameter of the solar cells 1.
[0052] When this solar panel 50 is produced, the first
step is to ready a plurality of solar cells 1 and the network
structure 56 whose outer periphery is supported by a
rectangular frame 57, and dispose the plurality of solar
cells 1 on this network structure 56 as shown in Fig. 15.
The positive electrodes 6 of the solar cells 1 are installed
facing to the left as viewed in Fig. 15, and the negative
electrodes 7 to the right as viewed in Fig. 15. In this case,
since the solar cells 1 can be fitted into the squares of
the network structure 56 and fixed, many solar cells 1
can be simply and efficiently mounted on the network
structure 56.

[0053] Next, the positive electrodes 6 of the solar cells
1 are connected by solder or an electroconductive adhe-
sive to the corresponding conduction wires 54, and the
negative electrodes 7 of the solar cells 1 are connected
by solder or an electroconductive adhesive to the corre-
sponding conduction wires 54. The network structure 56
to which these many solar cells 1 have been mounted is
then placed in a specific mold of an injection molding
apparatus, a melt of a light-transmitting, insulating syn-
theticresin (such as a polycarbonate or acrylic) is injected
into the molding cavity of this mold, and the solar panel
50 shown in Figs. 15 to 17 is molded. After this molding,
the molded article is taken out of the mold, and the outer’
periphery of the network structure 56 is cut where indi-
cated by the dashed lines 58 and separated from the
frame 57, resulting in the state shown in Fig. 15.

[0054] With this solar panel 50, the plurality of solar
cells 1 in each column are connected in parallel by a
conduction connection mechanism consisting of a pair
of conduction wires 54, and the output voltage of the solar
cells 1in each columnis 0.5 t0 0.6 V To raise the output
voltage of the solar panel 50, a plurality of columns of
solar cells 1 can be connected in series via the conduction
wires 54 protruding to the outer periphery, in which case
the equivalent circuit of this solar panel 50 will be the
same as the circuit shown in Fig. 10. One or more diodes
for preventing reverse current may be provided as shown
in Fig. 11.

[0055] Basically the same action is obtained with this
solar panel 50 as with the solar panel 20 described above.
Also, because the structure is vertically symmetrical, so
that light can be received equally from above and below,
this configuration makes it possible to construct a solar
panel that is applied to window glass, or a solar panel
that is used in place of window glass. If only light incident



13 EP 1 467 413 B1 14

from the top side is to be received by the solar panel 50,
though, a reflective film may be formed by plating or an-
other such method on the bottom side of the solar panel
50.

[0056] Furthermore, with this solar panel 50, rather
than first readying many of the solar balls 10 and then
assembling them into a panel, a panel is assembled from
a multiplicity of solar cells 1 using the network structure
56, after which the solar panel 50 is created by injection
molding, so production entails fewer steps and the cost
of production is reduced. It is also possible for the outer
shell member 51 to consist of transparent glass.

[0057] Next, various examples of modifying the above
embodiments and modifications will be described.

1) In the solar cell 1, a spherical crystal composed
of an n type silicon monocrystal may be employed
in place of the spherical crystal 2 composed of a p
type silicon monocrystal, and a p type diffusion layer
may be formed instead of the n type diffusion layer
4. In this case the positive electrode 6 and the neg-
ative electrode 7 are reversed.

Also, the flat surface 3 and a flat surface that is lo-
cated on the opposite side from this flat surface 3,
is parallel to the flat surface 3, and is of a different
size from that of the flat surface 3 may be formed on
the spherical crystal 2, and the negative electrode 7
may be provided on this flat surface. These flat sur-
faces are not essential, however, and can be omit-
ted.

Also, in place of the spherical crystal 2, a spherical
crystal may be employed which has in its interior a
spherical core made of an insulating material, and
in which the outer surface of this core is covered with
a semiconductor monocrystal.

2) A ceramic wiring- substrate, a metal wiring glass
substrate, or a sheet composed of a transparent syn-
thetic resin may be employed instead of the printed
substrate in the solar panel 30. Also, the solar cells
1 can be electrically connected by wire bonding in
the solar panel 30.

3) In the above embodiments, examples of a light-
receiving semiconductor apparatus such as a solar
ball, solar panel, or solar string were described, but
the present invention can be similarly applied to a
light-emitting ball, light- emitting panel, light emitting
string, or other such light- emitting semiconductor
apparatus. In the case of this light-emitting semicon-
ductor apparatus, a semiconductor apparatus that
emits light from a ball, a semiconductor apparatus
that emits light in planar fashion from a panel, or a
semiconductor apparatus that emits light from a
string can be produced by incorporating a granular
light emitting diode (LED) that emits light through
electro-optical conversion instead of the spherical
solar cell 1 discussed above. The spherical light
emitting diode proposed by the inventors of the
present invention in U.S. Patent 6,204,545, or a
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spherical light emitting diode with a similar structure,
can also be employed as this light emitting diode.
An example of a spherical light emitting diode with
a quantum well structure will now be described.
The spherical light emitting diode 70 (corresponds
to a spherical semiconductor device) shown in Fig.
18 comprises a transparent spherical sapphire 71
(with a diameter of 0.6 to 5.0 mm, for example), a
buffer layer 72 composed of spherical GaN (gallium
nitride) formed as a thin film on the surface of this
spherical sapphire 71, a spherical n type GaN layer
73 formed as a thin film on the surface of this buffer
layer 72, alight emitting layer 74 composed of spher-
ical InGaN (indium gallium nitride) formed as a thin
film on the surface of this n type GaN layer 73, a
spherical p type GaN layer 75 formed as a thin film
on the surface of this light emitting layer 74, a pair
of electrodes 76, 77 (anode 76 and cathode 77), and
so forth. The buffer layer 72 and light emitting layer
74 can be formed on the surface of the spherical
sapphire 71 by a known process such as MOCVD.
The anode 76 and cathode 77 are provided so as to
be aligned in a straight line on either side of the center
of the spherical light emitting diode 70, and are po-
sitioned at the two ends of the spherical light emitting
diode 70. The anode 76, which consists of an ohmic
contact, is connected to the p type GaN layer 75,
while the cathode 77, which also consists of an ohmic
contact, is connected to the n type GaN layer 73.
With this light emitting diode 70, when current flows
forward from the anode 76 to the cathode 77, light
is generated at a wavelength corresponding to the
material of the light emitting layer 74 from near the
pn junction, and radiates to the outside.

When the material forming the light emitting layer 74
is InxGa4 4N, the light is emitted at a longer wave-
length as the amount of indium x is increased. For
instance, if x = 0.2, blue light with a wavelength A p
of 465 nm is emitted, and when x = 0.45, green light
with a wavelength A p of 520 nm is emitted. A light
emitting ball 80 (corresponds to a light-emitting sem-
iconductor apparatus) comprises the spherical light
emitting diode 70, an outer shell member 81 that
covers the outside of this spherical light emitting di-
ode 70 with a light-transmitting wall component
whose thickness is at least 1/4 the diameter of the
spherical light emitting diode 70, with the outer sur-
face of this outer shell member 81 being spherical
or partially spherical, a pair of electrode members
82, 83 (external leads) connected to the pair of elec-
trodes 76, 77 and protruding to outside the outer sur-
face of the outer shell member 81. The electrode
member 82 is connected to the positive electrode 76
by an electroconductive adhesive, while the elec-
trode member 83 is connected to the negative elec-
trode 77 by an electroconductive adhesive. The out-
er shell member 81 is made of a transparent, insu-
lating synthetic resin (such as an epoxy resin). The
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light generated from the light emitting layer 74 of the
spherical light emitting diode 70 (indicated by the
arrows in the drawings), including the light passing
through the spherical sapphire 71, radiates in all di-
rections, as shown in the drawings. Here, since the
light generated by the spherical light emitting diode
70 radiates from the entire surface of the outer shell
member 81, the light emitting source is larger, the
brightness of the light radiated from this source is
decreased, and a softer light is radiated. A diffusion
agent (such as glass powder) may be added to the
outer shell member 81 for diffusing the light as need-
ed. The light emitting ball 80 may be used as a single
light emitting device, but the spherical light emitting
diode 70 or the light emitting ball 80 can also be
constituted as a light emitting panel such as the solar
panels 20, 50, 60 discussed above, or can be con-
stituted as a light emitting string such as the solar
string 61. In some cases, a reflective film may be
provided to one side of the light emitting ball 80, the
light emitting panel, or the light emitting string so that
light is only emitted from the side opposite from this
side. Also, the spherical light emitting diode 70 is just
one example, and can instead be a light emitting
diode that emits red light, or one that emits white
light, or one that emits any of various other colors of
light.

A spherical GaN crystal may be employed instead
of the spherical sapphire 71, in which case the GaN
buffer layer 72 can be omitted.

4) The spherical solar cell 1 described above was
an example of a light-emitting semiconductor cell
produced from a silicon semiconductor, but it can
also be made from any other light-receiving semi-
conductor cell with an photo-electrical conversion
function, such as SiGe, GaAs and compounds there-
of, InP and compounds thereof, CulnSe2 and com-
pounds thereof, and CdTe and compounds thereof.

[0058] Alternatively, when a light-emitting semicon-
ductor module is made by incorporating light-emitting
semiconductor cells, light-emitting semiconductor cells
with an electro-optical conversion function can be made
from semiconductors such as GaAs and compounds
thereof, InP and compounds thereof, GaP and com-
pounds thereof, GaN and compounds thereof, and SiC
and compounds thereof.

Claims

1. Alight-receiving or light-emitting semiconductor ap-
paratus (10), comprising at least one spherical sem-
iconductor device (1) with a light-receiving function
or a light-emitting function,
wherein the spherical semiconductor device (1)
comprises a p or n type semiconductor crystal (2)
with a spherical outer shape, a pn junction (5) formed
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substantially spherically on the surface layer portion
ofthis semiconductor crystal, and a pair of electrodes
(6,7) connected to both ends of the pn junction (5)
and located on either side with interposing the center
of curvature of the pn junction (5) therebetween,
characterised in that

there is provided an outer shell member (11) consti-
tuted so as to cover an outside of the spherical sem-
iconductor device (1) with a light-transmitting wall
component whose thickness is at least 1/4 the diam-
eter of the spherical semiconductor device, and so
that the outer surface of this outer shell member (11)
forms a sphere or partial sphere.

The light-receiving or light-emitting semiconductor
apparatus (10) according to claim 1, wherein the out-
er surface of the outer shell member (11) is formed
as a sphere, and this outer shell member (11) com-
prises a light-transmitting capsule (12) forming the
outer surface portion of this outer shell member (11),
and afiller (13) composed of a light-transmitting syn-
thetic resin that is packed into the capsule (12) and
cured.

The light-receiving or light-emitting semiconductor
apparatus (10) according to claim 1, wherein a mul-
tiplicity of microscopic light scattering surfaces (12b)
are formed on the outer surface of the outer shell
member (11).

The light-receiving or light-emitting semiconductor
apparatus (10) according to any of claims 1 to 3,
wherein there is provided a pair of electrode mem-
bers (14,15) respectively connected to the pair of
electrodes (6,7) of the spherical semiconductor de-
vice (1) and extending through the outer shell mem-
ber (11) at least to the outer surface of the outer shell
member (11).

The light-receiving or light-emitting semiconductor
apparatus (20) according to any of claims 1 to 3,
wherein a plurality of spherical semiconductor de-
vices (1), each having an outer surface covered with
the outer shell member (11) that forms a sphere, are
arrayed in a matrix of a plurality of rows and a plurality
of columns, and

there is provided a serial connection mechanism
(22a) for electrically connecting in series the plurality
of spherical semiconductor devices (1) in each row
or column, and a parallel connection mechanism
(22b) for electrically connecting in parallel the plu-
rality of spherical semiconductor devices (1) in each
column or row.

The light-receiving or light-emitting semiconductor
apparatus (50) according to claim 1, wherein a plu-
rality of spherical semiconductor devices (1) are ar-
rayed in a matrix of a plurality of rows and a plurality
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of columns, there is provided a conduction connec-
tion mechanism (54,55,56) for electrically connect-
ing in parallel the plurality of spherical semiconductor
devices (1) in each row or column, and

the outer shell member (51) comprises a plurality of
substantially spherical outer shell components (52)
covering respectively the plurality of spherical sem-
iconductor devices (1), and a flat component (53)
formed integrally with the plurality of outer shell com-
ponents (52).

The light-receiving or light-emitting semiconductor
apparatus (50) according to claim 6, wherein the con-
duction connection mechanism (54,55,56) compris-
es a plurality of conductor wires (54), which are part
of a network structure (56) constituted by the plurality
of conductor wires (54) and a plurality of insulator
wires (55) laid out perpendicularly to the conductor
wires (54).

The light-receiving or light-emitting semiconductor
apparatus (10) according to any of claims 1 to 3 or
5to 7, wherein the spherical semiconductor devices
(1) have a photovoltaic power generator including
the pn junction (5).

The light-receiving or light-emitting semiconductor
apparatus (10) according to any of claims 1 to 3 or
5to 7, wherein the spherical semiconductor devices
(1) have an electro-optical converter including the
pn junction (5).

Patentanspriiche

1.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (10), enthaltend mindestens eine kugel-
férmige Halbleitervorrichtung (1) mit einer Lichtem-
pfangsfunktion und einer Lichtsendefunktion,
wobei die kugelférmige Halbleitervorrichtung (1) ei-
nen p-Typ oder n-Typ Halbleiterkristall (2) mit einer
kugelférmigen &uReren Form, einen pn-Ubergang
(5), der im Wesentlichen kugelférmig auf dem Ober-
flachenschichtbereich dieses Halbleiterkristalls ge-
bildet ist, und ein paar von Elektroden (6, 7), die mit
beiden Enden des pn-Ubergangs (5) verbunden und
auf jeder Seite mit dem Zentrum der Krimmung des
pn-Ubergangs (5) dort dazwischen eingefiigt ange-
ordnet sind, enthalt, dadurch gekennzeichnet,
dass

ein dulReres Schalenelement (11) bereitgestellt ist,
das gebildet ist, um eine Aul3enseite der kugelférmi-
gen Halbleitervorrichtung (1) mit einer Licht senden-
den Wandkomponente abzudecken, deren Dicke
mindestens 1/4 des Durchmessers der kugelférmi-
gen Halbleitervorrichtung ist, und derart, dass die
aulBere Oberflache dieses aufleren Schalenele-
ments (11) eine Kugel oder Teilkugel bildet.
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2

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (10) nach Anspruch 1, bei der die duere
Oberflache des auleren Schalenelements (11) als
eine Kugel gebildet ist, und dieses duliere Schalen-
element (1) eine Licht sendende Kapsel (12), die den
auBeren Oberflachenbereich dieses duReren Scha-
lenelements (1) bildet, und ein Fullmittel (13) enthalt,
das ein Licht sendendes synthetisches Harz enthalt,
das in die Kapsel (12) eingepackt und ausgehartet
ist.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (10) nach Anspruch 1, bei der eine Viel-
zahl von mikroskopischen Lichtstreuflachen (12b)
auf der auReren Oberflache des &uReren Schalen-
elements (11) gebildet ist.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (10) nach einem der Anspriiche 1 bis 3,
bei der ein Paar von Elektrodenelementen (14, 15)
bereitgestelltist, die jeweils verbunden sind mit dem
Paar von Elektroden (6 ,7) der kugelférmigen Halb-
leitervorrichtung (1) und sich durch das &auflere
Schalenelement (11) mindestens zu der duReren
Flache des duleren Schalenelements (11) erstrek-
ken.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (20) nach einem der Anspriiche 1 bis 3,
bei der eine Mehrzahl von kugelférmigen Halbleiter-
vorrichtung (1), die jeweils eine dulRere Oberflache
haben, die abgedeckt ist mit dem &uflleren Schalen-
element (11), das eine Kugel bildet, in einer Matrix
einer Mehrzahl von Reihen und einer Mehrzahl von
Spalten angeordnet ist, und

ein Reihenverbindungsmechanismus (22a) ge-
schaffen ist zur seriellen elektrischen Verbindung
der Mehrzahl der kugelférmigen Halbleitervorrich-
tungen (1) in jeder Reihe oder Spalte, und ein Par-
allelverbindungsmechanismus (22b) geschaffen ist
zur parallelen elektrischen Verbindung der Mehrzahl
von kugelférmigen Halbleitervorrichtungen (1) in je-
der Spalte oder Reihe.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (50) nach Anspruch 1, bei der eine Mehr-
zahl von kugelférmigen Halbleitervorrichtungen (1)
in einer Matrix einer Mehrzahl von Reihen und einer
Mehrzahl von Spalten angeordnet ist, ein Leitungs-
verbindungsmechanismus (54, 55, 56) geschaffen
ist zur parallelen elektrischen Verbindung der Mehr-
zahl von kugelférmigen Halbleitervorrichtungen (1)
in jeder Reihe oder Spalte, und

das aulere Schalenelement (51) eine Mehrzahl von
im Wesentlichen kugelférmigen dufleren Schalen-
komponenten (52), die jeweils die Mehrzahl der ku-
gelférmigen Halbleitervorrichtungen (1) abdecken,
und eine flache Komponente (53) enthalt, die inte-
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griert gebildet ist mit der Mehrzahl der &uf3eren
Schalenkomponenten (52).

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (50) nach Anspruch 6, bei der der Lei-
tungsverbindungsmechanismus (54, 55, 56) eine
Mehrzahl von Leitungsdréahten (54) enthalt, die Teil
einer Netzwerkstruktur (56) sind, die durch die Mehr-
zahl von Leitungsdréahten (54) und einer Mehrzahl
von Isolierdrahten (55) gebildet ist, die senkrecht zu
den Leitungsdrahten (54) liegen.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (10) nach einem der Anspriiche 1 bis 3
oder 5 bis 7, bei der die kugelférmigen Halbleitervor-
richtungen (1) einen fotovoltaischen Energieerzeu-
ger haben, der den pn-Ubergang (5) enthlt.

Licht empfangende oder Licht sendende Halbleiter-
vorrichtung (10) nach einem der Anspriiche 1 bis 3
oder 5 bis 7, bei der die kugelférmigen Halbleitervor-
richtungen (1) einen elektrooptischen Umwandler
haben, der den pn-Ubergang (5) enthalt.

Revendications

Appareil a semi-conducteurs de réception de lumie-
re ou d’émission de lumiere (10), comprenant au
moins un dispositif a semi-conducteur sphérique (1)
ayant une fonction de réception ou une fonction
d’émission de lumiére,

dans lequel le dispositif a semi-conducteur sphéri-
que (1) comprend un cristal semi-conducteur de type
p ou n, ayant une forme externe sphérique, une jonc-
tion pn (5) conformée de fagon sensiblement sphé-
rique sur la partie de la couche de surface de ce
cristal semi-conducteur, et une paire d’électrodes (6,
7) connectées aux deux extrémités de la jonction pn
(5) et situées de chaque c6té, le centre de la cour-
bure de lajonction pn (5) étantinterposé entre celles-
ci, caractérisé en ce que

il est prévu un élément de coque externe (11) cons-
titué de maniére a couvrir I'extérieur du dispositif a
semi-conducteur sphérique (1) avec un composant
de paroi de transmission de lumiére dont I'épaisseur
est au moins égale a 1/4 du diamétre du dispositif a
semi-conducteur sphérique, et de sorte que la sur-
face externe de cet élément de coque externe (11)
forme une sphére ou une sphére partielle.

Appareil a semi-conducteurs de réception de lumiée-
re ou d’émission de lumiére (10) selon la revendica-
tion 1, dans lequel la surface externe de I'élément
de coque externe (11) est de forme sphérique, et cet
élément de coque externe (11) comprend une cap-
sule de transmission de lumiére (12) formantla partie
de surface externe de cet élément de coque externe
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(11), et un remplissage composé d’une résine syn-
thétique de transmission de lumiere qui est intégrée
dans la capsule (12) et cuite.

Appareil a semi-conducteurs de réception de lumié-
re ou d’émission de lumiére (10) selon la revendica-
tion 1, dans lequel une multiplicité de surfaces mi-
croscopiques de diffusion de lumiere (12b) sont for-
mées sur la surface externe de I'élément de coque
externe (11).

Appareil a semi-conducteurs de réception de lumié-
re ou d’émission de lumiére (10) selon l'une quel-
conque des revendications 1 a 3, dans lequel il est
prévu une paire d’éléments d’électrodes (14, 15) res-
pectivement connectés a la paire d’électrodes (6, 7)
du dispositif a semi-conducteur sphérique (1) et
s’étendant a travers I'élément de coque externe (11)
au moins jusqu’a la surface externe de I'élément de
coque externe (11).

Appareil a semi-conducteurs de réception de lumié-
re ou d’émission de lumiére (20) selon I'une quel-
conque des revendications 1 a 3, dans lequel une
pluralité de dispositifs a semi-conducteurs sphéri-
ques (1), chacun ayant une surface externe recou-
verte par I'élément de coque externe (11) qui forme
une sphére, sont disposés en une matrice constituée
d’'une pluralité de rangées et d’une pluralité de co-
lonnes, et

il est prévu un mécanisme de connexion série (22a)
pour connecter électriquement en série la pluralité
des dispositifs a semi-conducteurs sphériques (1)
dans chaque rangée ou dans chaque colonne, et un
mécanisme de connexion paralléle (22b) pour con-
necter électriquement en paralléle la pluralité des
dispositifs a semi-conducteurs sphériques (1) dans
chaque colonne ou dans chaque rangée.

Appareil a semi-conducteurs de réception de lumie-
re ou d’émission de lumiére (50) selon la revendica-
tion 1, dans lequel une pluralité de dispositifs a semi-
conducteurs sphériques (1) sont disposés en une
matrice constituée d’une pluralité de rangées et
d’une pluralité de colonnes, il est prévu un mécanis-
me de connexion a conduction (54, 55, 56) pour con-
necter électriquement en paralléle la pluralité des
dispositifs a semi-conducteurs sphériques (1) dans
chaque rangée ou dans chaque colonne, et
I’élément de coque externe (51) comprend une plu-
ralité de composants de coque externe sensible-
ment sphériques (52) recouvrant respectivement la
pluralité des dispositifs a semi-conducteurs sphéri-
ques (1), et un composant plat (53) formé d’un seul
bloc avec la pluralité des composants de coque ex-
terne (52).

Appareil a semi-conducteurs de réception de lumié-
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re ou d’émission de lumiére (50) selon la revendica-
tion 6, dans lequel le mécanisme de connexion a
conduction (54, 55, 56) comprend une pluralité de
fils conducteurs (54), lesquels font partie d’'une struc-
ture en réseau (56) constituée par la pluralité des fils
conducteurs (54) et par une pluralité de fils isolants
(55) disposés perpendiculairement aux fils conduc-
teurs (54).

Appareil a semi-conducteurs de réception de lumié-
re ou d’émission de lumiére (10) selon l'une quel-
conque des revendications 1a3ou5a7,danslequel
les dispositifs a semi-conducteurs sphériques (1)
possédent un générateur de courant photovoltaique
incluant la jonction pn (5).

Appareil a semi-conducteurs de réception de lumie-
re ou d’émission de lumiére (10) selon l'une quel-
conque des revendications 1a3ou5a7,danslequel
les dispositifs a semi-conducteurs sphériques (1)
possédent un convertisseur électro-optique incluant
la jonction pn (5).
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