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SOLID OXIDE FUEL CELL AND SOLID
OXIDE FUEL CELL STACK

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of Inter-
national application No. PCT/JP2015/050128, filed Jan. 6,
2015, which claims priority to Japanese Patent Application
No. 2014-013254, filed Jan. 28, 2014, the entire contents of
each of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a solid oxide fuel
cell and a solid oxide fuel cell stack obtained by stacking
solid oxide fuel cell together.

BACKGROUND OF THE INVENTION

[0003] Solid oxide fuel cells (SOFC: Solid Oxide Fuel
Cell), molten carbonate fuel cells, phosphoric-acid fuel
cells, solid polymer fuel cells, and the like are known as fuel
cells. Above all, the SOFCs are not required to use any liquid
component, but able to be internally reformed in the case of
using a hydrocarbon fuel. Accordingly, solid oxide fuel cells
have been attracting more attention.

[0004] Patent Document 1 below discloses a solid oxide
fuel cell where a via-hole conductor composed of a metal is
electrically connected to a power generation film in a base
composed of a ceramic.

[0005] Patent Document 1: Japanese Patent No. 5077238
SUMMARY OF THE INVENTION
[0006] However, the use of a metal for the via-hole

conductor as in Patent Document 1 has sometimes produced
voids at the interface between the base and the via-hole
conductor in co-sintering. This is because the shrinkage
percentage differs substantially between the base composed
of a ceramic and the via-hole conductor composed of a
metal. Moreover, gas leakage has sometimes occurred from
the voids.

[0007] An object of the present invention is to provide a
solid oxide fuel cell and a solid oxide fuel cell stack which
are unlikely to cause gas leakage.

[0008] A solid oxide fuel cell according to an embodiment
of the present invention includes: a power generation film
including a solid oxide electrolyte layer with first and second
principal surfaces, a first electrode layer stacked on the first
principal surface of the solid oxide electrolyte layer, and a
second electrode layer stacked on the second principal
surface of the solid oxide electrolyte layer; a first base that
is provided on a side of the power generation film adjacent
the first electrode layer to form a first gas flow channel, and
includes a ceramic; a second base that is provided on a side
of the power generation film adjacent the second electrode
layer to form a second gas flow channel, and includes a
ceramic; and a via-hole conductor unit that is provided in the
first base, and has an end connected to a surface of the first
electrode layer. The via-hole conductor unit has a first
via-hole conductor with a first end surface and a second
via-hole conductor with a second end surface. The first end
surface of the first via-hole conductor is in contact with the
second end surface of the second via-hole conductor. The
second end surface of the second via-hole conductor is larger
in area than the first end surface of the first via-hole
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conductor, and a boundary part between an outer peripheral
edge of the first end surface of the first via-hole conductor
and a part of the first base adjacent the outer peripheral edge
are in contact with the second end surface of the second
via-hole conductor.

[0009] In a particular aspect of the solid oxide fuel cell
according to the present invention, the area ratio (S1/S2)
between the area S1 of the first end surface of the first
via-hole conductor and the area S2 of the second end surface
of the second via-hole conductor is 0.36 or less.

[0010] Inother particular aspect of the solid oxide fuel cell
according to the present invention, the area ratio (S2/S1)
between the area S2 of the second end surface of the second
via-hole conductor and the area S1 of the first end surface of
the first via-hole conductor is 2.78 or more.

[0011] In another particular aspect of the solid oxide fuel
cell according to the present invention, the first and second
via-hole conductors are formed from metals.

[0012] In yet another particular aspect of the solid oxide
fuel cell according to the present invention, the first and
second bases and the first and second via-hole conductors
are formed by co-sintering.

[0013] Inyet other particular aspect of the solid oxide fuel
cell according to the present invention, the cell further
includes a via-hole conductor that is connected to a surface
on the side opposite to a surface of the second electrode
layer in contact with the solid oxide electrolyte layer, and
includes a ceramic.

[0014] Inyet other particular aspect of the solid oxide fuel
cell according to the present invention, the first electrode
layer is an anode layer, and the second electrode layer is a
cathode layer.

[0015] A solid oxide fuel cell stack according to the
present invention is obtained by stacking a plurality of the
solid oxide fuel cells.

[0016] According to the present invention, a solid oxide
fuel cell and a solid oxide fuel cell stack can be provided
which are unlikely to cause gas leakage.

BRIEF EXPLANATION OF THE DRAWINGS

[0017] FIG. 1 is a schematic elevational cross-sectional
view of a solid oxide fuel cell according to a first embodi-
ment of the present invention.

[0018] FIG. 2 is a schematic elevational cross-sectional
view of a solid oxide fuel cell according to a second
embodiment of the present invention.

[0019] FIG. 3 is a schematic elevational cross-sectional
view of a solid oxide fuel cell according to a third embodi-
ment of the present invention.

[0020] FIG. 4 is a schematic elevational cross-sectional
view of a solid oxide fuel cell according to a fourth embodi-
ment of the present invention.

[0021] FIG. 5 is a schematic elevational cross-sectional
view of a solid oxide fuel cell according to a fifth embodi-
ment of the present invention.

[0022] FIG. 6 is a schematic elevational cross-sectional
view of a solid oxide fuel cell stack according to an
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0023] The present invention will be demonstrated by
describing specific embodiments thereof with reference to
the drawings.

[0024] (Solid Oxide Fuel Cell)

[0025] FIG. 1 is a schematic elevational cross-sectional
view of a solid oxide fuel cell according to a first embodi-
ment of the present invention.

[0026] The solid oxide fuel cell 1 according to the first
embodiment includes first and second bases 2, 3, a power
generation film 7, and a via-hole conductor unit 11. As
shown in FIG. 1, the power generation film 7 is composed
of a solid oxide electrolyte layer 5, a first electrode layer 4,
and a second electrode layer 6.

[0027] The solid oxide electrolyte layer 5 has first and
second principal surfaces 5a, 5b. The solid oxide electrolyte
layer 5 is not particularly limited, but preferably composed
of a highly ion-conductive material. For example, stabilized
zirconia, ceria (CeQ,) based solid solutions, bismuth oxide
solid solutions, element substitution products of LaGaO;,
and the like can be used as the material as mentioned above.
Specific examples of the stabilized zirconia include 10 mol
% yttria stabilized zirconia (10YSZ) and 11 mol % scandia
stabilized zirconia (11ScSZ). Specific examples of partially
stabilized zirconia include 3 mol % yttria partially stabilized
zirconia (3YSZ).

[0028] On the first principal surface 5a of the solid oxide
electrolyte layer 5, the first electrode layer 4 is stacked. The
first electrode layer 4 has first and second principal surfaces
4a, 4b.

[0029] On the second principal surface 56 of the solid
oxide electrolyte layer 5, the second electrode layer 6 is
stacked. The second electrode layer 6 has first and second
principal surfaces 6a, 6b.

[0030] In the present embodiment, the first electrode layer
4 is an anode layer, whereas the second electrode layer 6 is
a cathode layer. Understandably, the first electrode layer 4
may be a cathode layer, whereas the second electrode layer
6 may be an anode layer.

[0031] At the anode layer, oxygen ions and a fuel gas react
to emit electrons. Therefore, a material is preferred which is
porous, high in electron conductivity, and unlikely to cause
an inter-solid reaction with the solid oxide electrolyte layer
5 or the like at high temperatures. For example, yttria
stabilized zirconia containing Ni, scandia stabilized zirconia
containing Ni, scandia-ceria stabilized zirconia containing
Ni, or Pt is used as this material. Further, according to the
present embodiment, the anode layer is composed of a
porous ceramic.

[0032] At the cathode layer, oxygen takes electrons in to
form oxygen ions. Therefore, a material is preferred which
is porous, high in electron conductivity, and unlikely to
cause an inter-solid reaction with the solid oxide electrolyte
layer 5 or the like at high temperatures. For example, a
LaMnO,; based oxide or a LaCoQO; based oxide is used as
this material. Examples of the LaMnOj; based oxide include
La, ¢Sty ,MnO;. Examples of the LaCoO; based oxide
include La, ¢Sr, ,Cog ,Fe, sO5.

[0033] The first base 2 is provided so as to form a first gas
flow channel 13 opposite the first principal surface 5a of the
solid oxide electrolyte layer 5. The first base 2 has a first gas
flow channel formation part 2a and a separator part 25 for
forming the first gas flow channel 13. The first gas flow

Nov. 3, 2016

channel 13 is a compartment defined and formed by the first
gas flow channel formation part 2q, the separator part 25,
and the first electrode layer 4. It becomes possible to supply
a gas to the first electrode layer 4 through the first gas flow
channel 13. It is to be noted that the first gas flow channel
13 is an anode gas flow channel in the present embodiment.

[0034] On the other hand, the second base 3 is provided so
as to form a second gas flow channel 14 opposite the second
principal surface 55 of the solid oxide electrolyte layer 5.
The second base 3 also has a second gas flow channel
formation part 3a and a separator part 35 for forming the
second gas flow channel 14. The second gas flow channel 14
is a compartment defined and formed by the second gas flow
channel formation part 3a, the separator part 35, and the
second electrode layer 6. It becomes possible to supply a gas
to the second electrode layer 6 through the second gas flow
channel 14. It is to be noted that the second gas flow channel
14 is a cathode gas flow channel in the present embodiment.

[0035] The first and second bases 2, 3 are formed from
ceramics. The first and second bases 2, 3 may be formed
from the same material, or formed from different materials.
The ceramics for forming the first and second bases 2, 3
include partially stabilized zirconia.

[0036] The via-hole conductor unit 11 is provided in the
first base 2. The via-hole conductor unit 11 is provided to
have an end connected to the first principal surface 4a of the
first electrode layer 4. In the present embodiment, more than
one via-hole conductor unit 11 is provided in the first base
2. Understandably, the number of via-hole conductor units
11 is not particularly limited.

[0037] The via-hole conductor unit 11 has a first via-hole
conductor 8 and a second via-hole conductor 9. While the
via-hole conductor unit 11 is composed of the two via-hole
conductors in the present embodiment, the via-hole conduc-
tor unit 11 may be composed of three or more via hole
conductors as in a third embodiment according to the present
invention as will be described later.

[0038] More than one first via-hole conductor 8 is pro-
vided in the first embodiment shown in FIG. 1. The first gas
flow channel 13 is disposed between the first via-hole
conductors 8. Understandably, the number of the first via-
hole conductors 8 is not particularly limited as long as the
first gas flow channel 13 is disposed between the multiple
first via-hole conductors 8.

[0039] The first via-hole conductor 8 has an end connected
to the first principal surface 4a of the first electrode layer 4.
Further, the second via-hole conductor 9 is provided such
that a second end surface 9a of the second via-hole conduc-
tor 9 is brought into contact with a first end surface 8a
located at the other end of the first via-hole conductor 8.

[0040] The materials used for the first and second via-hole
conductors 8, 9 are not particularly limited, but preferably
composed of dense metals. Thus, gas leakage can be sup-
pressed more effectively. Ag—Pd alloys, Au, and Pt can be
used as the dense metals mentioned above.

[0041] In addition, in the present embodiment, the first and
second via-hole conductors 8, 9 are rectangular in cross-
sectional shape. The area of the second end surface 9a of the
second via hole conductor 9 is larger than the area of the first
end surface 8a of the first via hole conductor 8. Further,
boundary parts 2¢ between the outer peripheral edges of the
first end surfaces 8a of the first via-hole conductors 8 and the
separator part 26 of the first base 2 adjacent the outer
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peripheral edges are in contact with the second end surfaces
94 of the second via-hole conductors 9.

[0042] The first and second bases 2, 3 and the first and
second via-hole conductors 8, 9 are prepared by applying
co-sintering to ceramic green sheets to serve as the bases and
metal pastes to serve as the via-hole conductors. In this
regard, the shrinkage percentage differs substantially
between the metals and the ceramics. Therefore, in the
co-sintering, voids 15 as shown in FIG. 1 are produced at the
interfaces between side surfaces of the first and second
via-hole conductors 8, 9 composed of the metals and the first
base 2 composed of the ceramics.

[0043] However, in the present embodiment, the voids 15,
that is, the boundary parts 2¢ between the outer peripheral
edges of the first end surfaces 8a of the first via hole
conductors 8 and the separator part 25 of the first base 2
adjacent the outer peripheral edges are in contact with the
second end surface 9a of the second via hole conductor 9.
Accordingly, the voids 15 are sealed with the second end
surfaces 9a of the second via-hole conductors 9. As just
described, in the present invention, even when the voids 15
are formed, openings of the voids 15 at the first end surfaces
84 are sealed with the second end surfaces 9a of the second
via-hole conductors 9. Accordingly, gas leakage caused by
the passage of the gas supplied to the porous first electrode
layer 4 through the voids 15 can be suppressed more
effectively.

[0044] Itis to be noted that a structure without any void 15
observed may be adopted, like a solid oxide fuel cell 21
according to a second embodiment as shown in FIG. 2. Also
in the second embodiment, boundary parts 2¢ between the
outer peripheral edges of the first end surfaces 8a of the first
via-hole conductors 8 and the separator part 25 of the first
base 2 adjacent the outer peripheral edges are in contact with
the second end surfaces 9a of the second via-hole conduc-
tors 9. Accordingly, although non-observable slight voids
may be produced by co-sintering even when no void 15 can
be observed, gas leakage can be suppressed effectively in
such a case.

[0045] In addition, according to the present invention, the
area ratio (S1/82) between the area S1 of the first end surface
8a of the first via-hole conductor 8 and the area S2 of the
second end surface 9a of the second via-hole conductor 9 is
preferably 0.36 or less. Alternatively, the area ratio (S2/S1)
between the area S2 of the second end surface 9a of the
second via-hole conductor 9 and the area S1 of the first end
surface 8a of the first via-hole conductor 8 is preferably 2.78
or more. This is because gas leakage can be further reliably
prevented when the area ratio falls within the range men-
tioned above.

[0046] In the first embodiment, a fourth via-hole conduc-
tor 16 is further provided in the second base 3. The fourth
via-hole conductor 16 is connected to the second principal
surface 65 of the second electrode layer 6. The fourth
via-hole conductor 16 is formed from a conductive ceramic.
The conductive ceramic is not particularly limited, but
lanthanum strontium manganite (LSM), but lanthanum chro-
mite, and the like can be used as the conductive ceramic. The
fourth via-hole conductor 16 is formed from the ceramic as
mentioned above, and thus shows a small difference in
shrinkage percentage from the second base 3 composed of
the ceramic. Accordingly, voids are unlikely to be produced
at the interface between the fourth via-hole conductor 16 and
the second base 3.
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[0047] FIG. 3 is a schematic elevational cross-sectional
view of a solid oxide fuel cell 31 according to a third
embodiment of the present invention.

[0048] In the third embodiment, there is a third via-hole
conductor 10 in contact with an end surface on the side
opposite to a second end surface 9a of a second via-hole
conductor 9. In the other respects, the cell is the same as the
solid oxide fuel cell according to the first embodiment. It is
to be noted that the same as the first and second via-hole
conductors 8, 9 can be used as the material constituting the
third via-hole conductor 10.

[0049] In the present invention, the first to third via-hole
conductors 8 to 10 can be prepared by applying laser
processing to a ceramic sheet to serve as a base, thereby
forming through holes, and filling the through holes with
metal pastes. Therefore, the sizes and shapes of the through
holes can be changed easily. It is to be noted that the through
holes may be formed by punching, and also in such a case,
the sizes and shapes of the through holes can be changed
easily.

[0050] For example, as in fourth and fifth embodiments as
shown in FIGS. 4 and 5, via-hole conductors that are
trapezoidal in cross-sectional shape can be easily prepared.
[0051] In a solid oxide fuel cell 41 according to the fourth
embodiment, second and third via-hole conductors 9, 10 that
are not rectangular, but trapezoidal in cross-sectional shape
are connected to a first via-hole conductor 8. In the other
respects, the cell is the same as in the third embodiment.
[0052] Further, also in the third and fourth embodiments,
boundary parts 2¢ between the outer peripheral edges of the
first end surfaces 8a of the first via-hole conductors 8 and the
separator part 26 of the first base 2 adjacent the outer
peripheral edges are in contact with the second end surfaces
9a of the second via-hole conductors 9. Therefore, even
when voids 15 are produced, gas leakage from the voids 15
can be suppressed reliably.

[0053] In a solid oxide fuel cell 51 according to the fifth
embodiment, a second via-hole conductor 9 that is rectan-
gular in cross-sectional shape has an end connected to a first
principal surface 4a of a first electrode layer 4. Further, a
first via-hole conductor 8 is provided such that a first end
surface 8a of the first via-hole conductor 8 is brought into
contact with a second end surface 9a located at the other end
of the second via-hole conductor 9. There is a third via-hole
conductor 10 in contact with an end surface on the side
opposite to the first end surface 8a of the first via-hole
conductor 8. The first and third via-hole conductors 8, 10 are
trapezoidal in cross-sectional shape.

[0054] In the other respects, the cell is the same as the
solid oxide fuel cell 31 according to the third embodiment.
[0055] As shown in FIG. 5, also in the fifth embodiment,
the area of the second end surface 9a of the second via-hole
conductor 9 is larger than the area of the first end surface 8a
of the first via-hole conductor 8. Further, boundary parts 2¢
between the outer peripheral edges of the first end surfaces
8a of the first via-hole conductors 8 and the separator part 25
of the first base 2 adjacent the outer peripheral edges are in
contact with the second end surfaces 9a of the second
via-hole conductors 9. Accordingly, also in the fifth embodi-
ment, voids 15 are sealed with the second end surfaces 9a of
the second via-hole conductors 9.

[0056] It is to be noted that the end surface 8a of the first
via-hole conductor 8, which is smaller in area than the
second end surface 9a of the second via-hole conductor 9, is
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connected to the second via-hole conductor 9 in the fifth
embodiment as described above. Accordingly, the second
end surfaces 9a of the second via-hole conductors 9 are
partially in contact with the first base 2. Therefore, openings
of the voids 15, which are formed at the side of the second
end surfaces 9a of the second via-hole conductors 9, are
sealed with the first base 2.

[0057] As just described, according to the fifth embodi-
ment, the voids 15 formed at the sides of the first and second
via-hole conductors 8, 9 are sealed with the second end
surfaces 9a of the second via-hole conductors 9 or the first
base 2, and gas leakage from the voids 15 can be thus
suppressed.

[0058] (Solid Oxide Fuel Cell Stack)

[0059] FIG. 6 shows a schematic elevational cross-sec-
tional view of a solid oxide fuel cell stack according to an
embodiment of the present invention. The solid oxide fuel
cell stack is obtained by stacking the above-described solid
oxide fuel cell 1 according to the present invention. While
two solid oxide fuel cells 1 are stacked in FIG. 6, three or
more may be stacked.

[0060] As shown in FIG. 6, the solid oxide fuel cell stack
is configured such that via-hole conductor units 11 com-
posed of metals are brought into contact with fourth via-hole
conductors 16 composed of a ceramic. Further, in the
via-hole conductor units 11, boundary parts 2¢ between the
outer peripheral edges of the first end surfaces 8a of the first
via-hole conductors 8 and the separator parts 256 of the first
bases 2 adjacent the outer peripheral edges are located in the
second end surfaces 9a of the second via-hole conductors 9
as described above.

[0061] Accordingly, the gas supplied from first gas flow
channel 13 to porous first electrode layers 4 is blocked by the
first and second via-hole electrodes 8, 9, and can be thus
prevented from leaking toward the fourth via-hole conduc-
tors 16. In the solid oxide fuel cell stack according to the
present invention, gas leakage to the fourth via-hole con-
ductors 16 is suppressed as just described, and the ceramic
such as LSM constituting the fourth via-hole conductors 16
can be thus kept from being degraded by the gas.

[0062] As described above, the solid oxide fuel cell and
solid oxide fuel cell stack according to the present invention
have the via-hole conductor units where the boundary parts
between the outer peripheral edges of the first end surfaces
of' the first via-hole conductors and the separator parts of the
first bases adjacent the outer peripheral edges are in contact
with the second end surfaces of the second via-hole con-
ductors. Accordingly, even when voids are produced by
co-sintering, gas leakage from the voids can be suppressed.

DESCRIPTION OF REFERENCE SYMBOLS

[0063] 1, 21, 31, 41, 51: solid oxide fuel cell
[0064] 2: first base
[0065] 3: second base

[0066] 2a: first gas flow channel formation part
[0067] 3a: second gas flow channel formation part
[0068] 24, 3b: separator part

[0069] 2c¢: boundary part

[0070] 4: first electrode layer

[0071] 5: solid oxide electrolyte layer

[0072] 6: second electrode layer

[0073] 4a, 5a, 6a: first principal surface

[0074] 4b, 55, 6b: second principal surface

[0075] 7: power generation film
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[0076] 8: first via-hole conductor
[0077] 8a: first end surface

[0078] 9: second via-hole conductor
[0079] 9a: second end surface
[0080] 10: third via-hole conductor
[0081] 11: via-hole conductor unit
[0082] 13: first gas flow channel
[0083] 14: second gas flow channel
[0084] 15: void

[0085] 16: fourth via-hole conductor

1. A solid oxide fuel cell comprising:

a power generation film comprising a solid oxide elec-
trolyte layer with first and second principal surfaces, a
first electrode layer on the first principal surface, and a
second electrode layer on the second principal surface;

a first ceramic base adjacent the first electrode layer of the
power generation film and defining a first gas flow
channel;

a second ceramic base adjacent the second electrode layer
of the power generation film and defining a second gas
flow channel; and

a via-hole conductor unit in the first ceramic base and
connected to a surface of the first electrode layer,

wherein the via-hole conductor unit has a first via-hole
conductor with a first end surface and a second via-hole
conductor with a second end surface, the first end
surface of the first via-hole conductor in contact with
the second end surface of the second via-hole conduc-
tor,

the second end surface of the second via-hole conductor
is larger in area than the first end surface of the first
via-hole conductor, and

a boundary part between an outer peripheral edge of the
first end surface of the first via-hole conductor and a
part of the first base adjacent the outer peripheral edge
are in contact with the second end surface of the second
via-hole conductor.

2. The solid oxide fuel cell according to claim 1, wherein
an area ratio between an area S1 of the first end surface of
the first via-hole conductor and an area S2 of the second end
surface of the second via-hole conductor is 0.36 or less.

3. The solid oxide fuel cell according to claim 1, wherein
an area ratio between an area S2 of the second end surface
of the second via-hole conductor and an area S1 of the first
end surface of the first via-hole conductor is 2.78 or more.

4. The solid oxide fuel cell according to claim 1, wherein
the first and second via-hole conductors are metals.

5. The solid oxide fuel cell according to claim 4, wherein
the metals are selected from the group consisting of Ag—Pd
alloys, Au, and Pt.

6. The solid oxide fuel cell according to claim 1, wherein
the first and second via-hole conductors are rectangular in
cross-sectional shape.

7. The solid oxide fuel cell according to claim 1, wherein
the second via-hole conductor is trapezoidal in cross-sec-
tional shape.

8. The solid oxide fuel cell according to claim 1, wherein
the second via-hole conductor has a third end surface
opposite the second end surface, and the solid oxide fuel cell
further comprises a third via-hole conductor having a fourth
end surface in contact with the third end surface of the
second via-hole conductor.

9. The solid oxide fuel cell according to claim 8, wherein
the first, second and third via-hole conductors are metals.
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10. The solid oxide fuel cell according to claim 9, wherein
the metals are selected from the group consisting of Ag—Pd
alloys, Au, and Pt.

11. The solid oxide fuel cell according to claim 8, wherein
the first, second and third via-hole conductors are rectangu-
lar in cross-sectional shape.

12. The solid oxide fuel cell according to claim 8, wherein
the second and third via-hole conductors are trapezoidal in
cross-sectional shape.

13. The solid oxide fuel cell according to claim 1, wherein
the first via-hole conductor is in contact with the surface of
the first electrode layer.

14. The solid oxide fuel cell according to claim 1, wherein
the second via-hole conductor is in contact with the surface
of the first electrode layer.

15. The solid oxide fuel cell according to claim 1, wherein
the first and second bases and the first and second via-hole
conductors are co-sintered units.
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16. The solid oxide fuel cell according to claim 1, further
comprising a ceramic via-hole conductor connected to a
surface of the second electrode layer.

17. The solid oxide fuel cell according to claim 1, wherein
the first electrode layer is an anode layer, and the second
electrode layer is a cathode layer.

18. A solid oxide fuel cell stack comprising a stacked
plurality of the solid oxide fuel cells according to claim 1.

19. A solid oxide fuel cell stack comprising a stacked
plurality of the solid oxide fuel cells according to claim 16,
wherein the solid oxide fuel cells are arranged such that the
via-hole conductor unit of a first of the plurality of the solid
oxide fuel cells is in contact with the ceramic via-hole of a
second of the plurality of the solid oxide fuel cells adjacent
thereto.



