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TITLE

PHOTOVOLTAIC DEVICE INTERCONNECTION AND METHOD OF
MANUFACTURING

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority of United States Provisional
Patent Application Serial No. 61/794,893 filed on March 15, 2013 hereby

incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] 'This invention relates in general to a photovoltaic module. Thin film
photovoltaic modules are formed by the deposition of multiple semiconductor or
organic thin films on rigid or flexible substrates or superstrates. Flectrical contact to
the solar cell material on the substrate side is provided by an electrically conductive
substrate material or an additional electrically conductive layer between the solar cell
material and the substrate such as a transparent conductive layer.
[0003] Photovoltaic modules typically comprise submodules connected in parallel.
Each submodule comprises multiple photovoltaic cells, typically connected in series.

It would be desirable to have an improved photovoltaic module.

SUMMARY OF THE INVENTION
[0004] Concordant and congruous with the present invention, an improved
photovoltaic module has surprising been discovered. |
[0005] Inone embodiment, a photovoltaic device comprises a substrate having a
transparent conductive oxide layer, a conductive back contact layer, and a
semiconductor layer formed thereon; an isolation scribe formed through the
transparent conductive oxide layer, the conductive back contact layer, and the
semiconductor layer to define a first photovoltaic cell and a second photovoltaic cell,
the isolation scribe electrically isolating the first photovoltaic cell from the second

photovoltaic cell; and an interconnection scribe formed by a series of discontinuous
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ablations of the back contact layer and the semiconductor layer of the second
photovoltaic cell, the interconnection seribe facilitating a series connection between
the first photovoltaic cell and the second photovoltaic cell, the discontinuous ablations
separated by non-scribed layers of the photovoltaic cell.

[0006] In another embodiment, a photovoltaic device comprises a plurality of
photovoltaic cells formed on a substrate, each of the photovoltaic cells comprising a
transparent conductive oxide layer, a conductive back contact layer, and a .
semiconductor layer formed thereon; a plurality of isolation scribes electrically
isolating each of the photovoltaic cells from an adjacent photovoltaic cell, each
isolation scribe formed through the transparent conductive oxide layer, the conductive
back contact layer, and the semiconductor layer of each photovoltaic cell; an
interconnection scribe within each of the plurality of photovoltaic cells, each
interconnection scribe formed by a series of discontinuous ablations of the back
contact layer and the semiconductor layer of each photovoltaic cell, the
interconnection scribe facilitating a series connection between the first photovoltaic
cell and the second photovoltaic cell; and a dielectric material disposed within each of
the plurality of isolation scribes, contacting at least a portion of the back contact layer
of each of the plurality of photovoltaic cells, and contacting at least a portion of the
interconnection scribe of each of the plurality of photovoltaic cells.

[0007] In another embodiment, a method for manufacturing a photovoltaic device
comprises forming a plurality of isolation scribes in a photovoltaic device through a
transparent conductive oxide layer, a semiconductor layer, and a back contact layer of
disposed upon a substrate to define an array of photovoltaic cells on the photovoltaic
device; and forming discontinuous interconnection scribes through the semiconductor
layer and the back contact layer of each of the photovoltaic cells, each of the

discontinuous scribes separated by non-scribed layers of each cell.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 is a perspective view of a photovoltaic device.
[0009] TFig. 2 is a schematic, side view taken along the cut line 2-2 of Fig. 1,

showing a photovoltaic cell.
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[0010] Tig. 3 is a schematic, side view taken along the cut line 3-3 of Fig. 1,
showing a photovoltaic cell including a bus bar,

[0011] Fig. 4 is a schematic, side view taken along the cut line 4-4 of Fig, 1,
showing a photovoltaic cell including a second bus bar.

[0012] Fig. 5is a flow chart of one method to manufacture the photovoltaic device
shown in Fig, 1.

[0013] TFig. 6ais a perspective view of a portion of the photovoltaic device before
any scribes have been cut.

[0014] Fig, 6b is a schematic, side view of the photovoltaic device shown in Fig.
6a.

[00156] Fig. 7ais a perspective view of a portion of the photovoltaic device shown
in Fig. 6a after isolation scribes have been cut.

[0016] Fig. 7b is a schematic, side view of the photovoltaic device shown in Fig,
7a.

[0017] Fig. 8ais a perspective view of a portion of the photovoltaic device shown
in Fig. 7a after interconnection scribes have been cut in the photovoltaic device,
[0018] Fig. 8bis a schematic, side view of the photovoltaic device shown in Fig.
8a.

[0019] Fig. 9ais a perspective view of a portion of the photovoltaic device shown
in Fig. 8a after a dielectric material has been added to cover portions of the
photovoltaic device.

[0020] Fig. 9bis a schematic, side view of the photovoltaic device shown in Fig.
%a.

[0021] Fig. 10a is a perspective view of a portion of the photovoltaic device shown
in Fig. 9a after portions of the dielectric material have been removed.

[0022] Fig. 10b is a schematic, side view of the photovoltaic device shown in Fig.
10a.

[0023] TFig. 11ais a perspective view of a portion of the photovoltaic device shown
in Fig. 10a after a metallic interconnection material has been added to portions of the

photovoltaic device.
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[0024] Fig. 11bis a schematic, side view of the photovoltaic device shown in Fig.
11a.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0025] Referring now to the drawings, there is illustrated in Fig. 1 a perspective
view of a photovoltaic device, indicated generally at 10. The photovoltaic device 10
includes a plurality of photovoltaic cells, 12a, 12b, 12¢, etc. The illustrated
photovoltaic cells 12a, 12b, 12¢, etc. are not shown to scale, and are provided for
purposes of explanation of the features of the photovoltaic device 10. The
photovoltaic device 10 may have a different number of photovoltaic cells from that
illustrated. Each photovoltaic cell is electrically connected to at least one adjacent
photovoliaic cell, as will be described below. Furthermore as will be described herein,
each cell of the device 10 will include one or more layers of material. Fach layer can
cover all or a portion of the device 10 and/or all or a portion of a layer or a substrate
underlying the layer. For example, a “layer” can include any amount of any material
that contacts all or a portion of a surface. Furthermore, layers herein may be
described generally by a numeral (e.g., 18) or individually for a particular cell by a
numeral and a character (e.g., 18¢). It is understood that disclosure with respect (o a
particular layer for a particular cell may apply in similar fashion to layers of other
cells or of the layer generally, except where noted otherwise.
[0026] Referring to Fig. 2, a side view of a portion of the photovoltaic device 10,
taken along the cut line 2-2 of Fig. 1 is shown. The photovoltaic device 10 includes a
transparent substrate 14. The transparent substrate 14 is formed of a material that
provides rigid support, light transmission, chemical stability and typically includes
one of a float glass, soda lime glass, polymer, or other suitable material. The
photovoltaic device 10 includes a transparent conductive oxide (TCO) layer 16. The
transparent conductive oxide layer 16 is formed of a material that provides low
resistance electrical conduction, chemical and dimensional stability and typically
includes one of a tin oxide, zinc oxide, cadmium stannate, combinations or doped
variations thereof, or any other suitable material. The photovoltaic device 10 includes

a semiconductor layer 18. The semiconductor layer 18 is formed of a photoactive
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material or combination of materials. Typically, the semiconductor layer 18 includes
one or more n-type and/or one or more p-type semiconductors to form a p-n junction.
In one embodiment, the semiconductor layer 18 is a semiconductor bi-layer including
an n-type cadmium sulfide and a p-type cadmium telluride, however other compounds
and materials may be used, including silicon based semiconductors, copper indium
gallium selenide, and other suitable materials. The photovoltaic device 10 includes a
back contact layer 20. The back contact layer 20 is an electrically conductive
material, typically selected from among silver, nickel, copper, aluminum, titanium,
palladium, chromium, molybdenum, gold, and combinations thereof.

[0027]  As previously described in reference to Fig. 1, the photovoltaic device 10 is
divided into a plurality of photovoltaic cells 12a, 12b, 12¢, eic. Adjacent photovoltaic
cells are separated by isolation scribes 22a, 22b, 22¢, etc., which electrically isolate
each photovoltaic cell from the one or more adjacent photovoltaic cells. For example,
in reference to Fig. 2, the photovoltaic cell 12¢ is isolated from the photovoltaic cell
12b by the isolation scribe 22b, and is isolated from the photovoltaic cell 12d by the
isolation scribe 22¢. The isolation scribes 22a, 22b, 22¢, ete. divide the several layers
of the photovoltaic device 10 into separate cells, and so the photovoltaic cell 12¢
includes a cell transparent conductive oxide layer 16c, a cell semiconductor layer 18c¢,
and a cell back contact layer 20c. These layers are isolated from the similar layers of
adjacent photovoltaic cells 12b and 12d by the isolations scribes 22b and 22c.

[0028] The photovoltaic cell 12¢ includes an interconnection scribe 24¢. The
interconnection scribe 24c is an opening through a portion of the back contact layer 20
and the semiconductor layer 18. A dielectric material 26¢ is disposed within the
isolation scribe 22b. The dielectric material 26¢ also covers a portion of the back
contact layer 20b of the photovoltaic cell 12b, a portion of the back contact layer 20¢
of the photovoltaic cell 12¢, and a portion of the interconnection scribe 24¢ of the
photovoltaic cell 12c.

[0029] The photovoltaic device 10 includes a metallic interconnection material 28¢
that is disposed in electrical contact with a portion of the transparent conductive oxide
material 16¢ of the photovoltaic cell 12¢, and in electrical contact with a portion of the

back contact layer 20b of the adjacent photovoltaic cell 12b. The metallic
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interconnection material 28 may include titanium, aluminum, nickel, chromium,
tantalum, copper, tungsten, titanium nitride, tantalum nitride, tungsten nitride and
various compounds and combinations thereof. One example embodiment of
photovoltaic cell 12 may include a back contact layer 20 comprising a compound of
molybdenum, nickel, aluminum and a metallic interconnection layer 28 comprising a
compound of titanium and aluminum. Alternatively, a second exemplary embodiment
may include a back contact layer 20 cofnprising a compound of molybdenum, nickel,
aluminum, and chromium, and a metallic interconnection layer 28 comprising a
compound of tungsten and copper. This forms a series connection between the
photovoltaic cell 12¢ and the adjacent photovoltaic cell 12b. As shown in Fig. 8a, the
interconnection scribe 24c is a series of discrete (also referred to as discontinuoué)
scribes that are separated by non-scribed space 30c, the non-scribed space 30c
including the various layers of the cell 12¢. Therefore, the back contact layer 20c¢ of
the photovoltaic cell 12¢ extends from a first side of the interconnection scribe 24c¢ to
a second side of the interconnection scribe 24c and provides a conductive pathway
across the full width of the photovoltaic cell 12¢. Referring back to Fig. 2, an
electrical current flow path is shown by the dashed line 32.

[0030] Although photovoltaic cell 12¢ and its connection to adjacent photovoltaic
cell 12b has been described in detail, it should be appreciated that all the photovoltaic
cells in the photovoltaic device 10 may be similarly connected to the adjacent
photovoltaic cells. The other photovoltaic cells will not be described in detail, with
the exception of a photovoltaic cell 12h and a photovoltaic cell 121,

[0031] Referring to Fig, 3, side, schematic view of the photovoltaic cell 12h is
shown. The photovoltaic cell 12h includes many features similar to the previously
described photovoltaic cell 12¢, and similar features are identified with similar
numbers with the suffix letter "h." The photovoltaic cell 12h includes a bus bar 34
that is in electrical contact with a front contact layer 16h. The configuration of the
photovoltaic cell 12h is such that the space below the bus bar 34 is photovoltaicly
active, and is not dead space. The bus bar 34, along with other bus bars in the module,
provide electrically accessible features within the photovoltaic module to engage with

other integration components (not shown), including conductive tapes and foils which



WO 2014/152556 PCT/US2014/027471

may pass through an edge encapsulant, back cover glass or other module enclosure to
facilitate the interconnection of multiple modules, the connection of the module to an
electrical load, grid, array, or otherwise.

[0032] Referring to Fig. 4, a side, schematic view of the photovoltaic cell 12] is
shown. The photovoltaic cell 12j includes many features similar to the previously
described photovoltaic cell 12¢, and similar features are identified with similar
numbers with the suffix letter "j." The photovoltaic cell 12j includes a bus bar 36 that
is in electrical contact with a back contact layer 20j. The configuration of the
photovoltaic cell 12j is such that the space below the bus bar 36 is photovoltaicly
active, and is not dead space. The bus bar 36 creates an electrical circuit with the bus
bar 34 in the photovoltaic cell 12h.

[0033] It should be appreciated that the photovoltaic device 10 may include the bus
bar 34 at one end, and the bus bar 36 at the opposite end, placing all the photovoltaic
cells in the photovoltaic device 10 in series. Alternatively, the photovoltaic device 10
may include to matching bus bars similar to one of bus bar 34 and bus bar 36 at each
end of the photovoltaic device, and a single bus bar similar to the other of bus bar 36
and bus bar 34 in the center of the photovoltaic device. In that case, the photovoltaic
device 10 would include two submodules, and the center bus bar would be connected
to two series of photovoltaic cells, extending to each edge of the photovoltaic device.
It should be appreciated that the center bus bar would include a mirror image, taken
through the center line of the bus bar, of the configuration shown in one of Fig. 3 and
Fig. 4. Additionally, it should be appreciated that the photovoltaic device 10 may be
divided into more than two submodules, if desired, with the appropriate number and
placement of bus bars, |
[0034] Referring now to Fig, 5, a flow chart of a method for manufacturing the
photovoltaic device 10 is shown generally at 38. The steps of the method shown in
Fig. 5 are best understood in further reference to Figs, 6a and 6b through 11a and 11b.
[0035] Step 40 is the application of the transparent conductive oxide layer 16 to the
transparent substrate 14. Processes to apply the transparent conductive oxide layer 16
to the transparent substrate 14 are known in the art, and will not be detailed here. The

transparent conductive oxide layer 16 is applied across the full surface of the



WO 2014/152556 PCT/US2014/027471

transparent substrate 14. Step 42 is the application of the semiconductor layer 18.
Processes to apply the semiconductor layer 18 are known in the art, and will not be

~ detailed here. The semiconductor layer 18 is applied across the full surface of the
transparent conductive oxide layer 16. Step 44 is the application of the back contact
layer 20. Processes to apply the back contact layer 20 are known in the art, and will
not be detailed here. The back contact layer 20 is applied across the full surface of the
semiconductor layer 18. The back contact layer 20 may be sealed with, for example,
chromium. At this point, the photovoltaic device 10 is in the condition shown in Figs.
6a and 6b. It should be appreciated that the back contact layer 20, by covering the full
surface of the semiconductor layer 18, provides protection against undesirable
oxidation, contamination or deterioration of the semiconductor layer 18. As a result,
the photovoltaic device 10 may be brought through step 44, and then moved to a
different facility where additional steps may be performed, without degradation of the
materials of photovoltaic device.

[0036] At step 46 the isolation scribes 22a, 22b, 22¢, etc. are cut into the
photovoltaic device 10. The disposition of the photovoltaic device 10 after step 46 is
shown in Figs. 7a and 7b. The isolation scribes 22a, 22b, 22¢, etc. are cut using a
laser that ablates the transparent conductive oxide layer 16, the semiconductor layer
18, and the back contact layer 20 without affecting the transparent substrate 14.
[0037] At step 48 interconnection scribes 24a, 24b, 24c¢, ete. are cut into the
photovoltaic device 10. The disposition of the photovoltaic device 10 after step 48 is
shown in Figs. 8a and 8b. The interconnection scribes 24a, 24b, 24c¢, ete. are cut using
a laser that ablates the semiconductor layer 18 and the back contact layer 20 without
affecting the transparent substrate 14 and the transparent conductive oxide layer 16.
The interconnection scribes 24a, 24b, 24c, etc. may comprise a series of discontinuous
ablations of material between two isolation scribes (as shown in Fig. 8a), for example
isolation scribes 22b and22¢, or aliernatively, between an isolation scribe and an end
edge of the photovoltaic device, for example isolation scribe 22a. The discontinuous
ablations of the interconnection scribes 24a, 24b, 24c¢, etc. may result in a series of
substantially circular dots or short rectilinear scribes (not shown) or the discontinuous

ablation may result in a dashed line scribe, as best shown in Fig. 8a.



WO 2014/152556 PCT/US2014/027471

[0038] At step 50 dielectric material 26a, 26b, 26c, etc. is applied to the
photovoltaic device 10. The disposition of the photovoltaic device 10 after step 50 is
shown in Figs. 9a and 9b. The dielectric material 26a, 26b, 26¢, etc. is applied using
an ink jet printing process, though any other desired process suitable to apply the
dielectric material 26a, 26b, 26c, etc. may be used.

[0039] Atstep 52 at least a portion of the dielectric material 26a, 26b, 26c, etc. in
contact with the transparent conductive oxide layer 16 within the interconnection
scribe 24a, 24b, 24c, etc, is removed. The disposition of the photovoltaic device 10
after step 52 is shown in Figs. 10a and 10b. The dielectric material 26a, 26b, 26c¢, etc.
is removed using a laser that ablates the dielectric material 26a, 26b, 26¢, etc. without
damaging the transparent substrate 14 and the transparent conductive oxide layer 16.
[0040] At step 54, metallic interconnection material 28a, 28b, 28¢, etc. is applied to
the photovoltaic device. The disposition of the photovoltaic device 10 after step 54 is
shown in Figs. 11a and 11b. The metallic interconnection material 28a, 28b, 28¢, etc.
is applied using an ink jet printing process, though any other desired process suitable
to apply the material may used. The metallic interconnection material 28a, 28b, 28c,
etc., may be deposited over the entirety of the photovoltaic device’s exposed surface,
or alternatively may be selectively deposited within certain regions and not others.
For example, as shown in Figs. 11a and 11b, the metallic interconnection material
28a, 28b, 28¢, etc. may be selectively deposited to overlap slightly onto the back
contact layer 20a, 20b, 20c, etc. of the photovoltaic cell adjacent to photovoltaic cell
12¢ and continuously over dielectric material 26c to the interconnection scribe 24c.
[0041] At optional step 56, an edge 58a, 58b, 58c, etc. is created on the metallic
interconnection material 28a, 28b, 28c, etc. The disposition of the photovoltaic device
10 after step 56 is shown in Figs. 11a and 11b. In the situation where the metallic
interconnection material 28a, 28b, 28c¢, etc. is deposited over the entirety of the
photovoltaic device’s exposed surface, the edge 58a, 58b, 58c, etc. is created to
prevent electrical connection between, for example, metallic interconnection material
28¢ and back contact layer 20c, since such contact would create a short circuit that

would allow current flow to bypass photovoltaic cell 12¢. The edge 58a, 58b, 58c¢,
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etc. may be created by acid etch, mechanical removal (abrasion), laser ablating, or any
other desired method.

[0042] The described method for manufacturing 38 may be performed on an
automated assembly line using known techniques. The isolation scribes and
interconnection scribes may be cut or ablated using lasers. Multiple laser sources may
be used in the method of manufacturing 38. Aliernatively, light from a single laser
source may be manipulated using known optics techniques in order to cut various
scribes, either simultaneously or sequentially. '

[0043] The principle and mode of operation of this invention have been explained
and illustrated in its preferred embodiment. However, it must be understood that this
invention may be practiced otherwise than as specifically explained and illustrated

without departing from its spirit or scope.
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What is claimed is:

1. A photovoltaic device comprising;:

a substrate having a transparent conductive oxide layer, a conductive back
contact layer, and a semiconductor layer formed thereon;

an isolation scribe formed through the transparent conductive oxide layer, the
conductive back contact layer, and the semiconductor layer to define a first
photovoltaic cell and a second photovoltaic cell, the isolation scribe electrically
isolating the first photovoltaic cell from the second photovoltaic cell; and

an interconnection scribe formed by a series of discontinuous openings of the
back contact layer and the semiconductor layer of the second photovoltaic cell, the
interconnection scribe facilitating a series connection between the first photovoltaic
cell and the second photovoltaic cell, the discontinuous openings separated by non-

scribed layers of the photovoltaic cell.

2. The photovoltaic device of Claim 1, further comprising a metallic
interconnection material providing electrical communication between the conductive
back contact layer of the first photovoltaic cell and the transparent conductive oxide

layer of the second photovoltaic cell exposed by the interconnection gcribe.

3. The photovoltaic device of Claim 2, wherein the metallic interconnection
material is one of titanium, aluminum, nickel, chromium, tantalum, copper, tungsten,
titanium nitride, tantalum nitride, tungsten nitride, and a combination of at least two of

the foregoing.

4. The photovoltaic device of Claim 2, wherein the metallic interconnection

material is disposed on a dielectric material that fills the isolation scribe.

3. The photovoltaic device of Claim 1, wherein the interconnection scribe is
one of a series of substantially circular dots, a series of short rectilinear scribes, and a

dashed line scribe.

11
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6. The photovoltaic device of Claim 1, further comprising a dielectric material

filling the isolation scribe.

7. The photovoltaic device of Claim 1, the dielectric material covering at least a
portion of the back contact layer between the isolation scribe and the interconnection

scribe and in contact with the interconnection scribe.
8. The photovoltaic device of Claim 1, wherein the transparent conductive
oxide is one of tin oxide, zinc oxide, cadmium stannate, combinations of the

foregoing, and doped variations of the foregoing.

9. The photovoltaic device of Claim 1, wherein the semiconductor layer

includes an n-type semiconductor and a p-type semiconductor.

10. The photovoltaic device of Claim 9, wherein the n-type semiconductor is

cadmium sulfide and the p-type semiconductor is cadmium telluride.

12
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11. A photovoltaic device compﬁsing:

a plurality of photovoltaic cells formed on a substrate, each of the photovoltaic
cells comprising a transparent conductive oxide layer, a conductive back contact layer,
and a semiconductor layer formed thereon;

a plurality of isolation scribes electrically isolating each of the photovoltaic
cells from an adjacent photovoltaic cell, each isolation scribe formed through the
transparent conductive oxide layer, the conductive back contact layer, and the
semiconductor layer of each photovoltaic cell;

an interconnection scribe within each of the plurality of photovoltaic cells, each
interconnection scribe formed by a series of discontinuous openings of the back
contact layer and the semiconductor layer of each photovoltaic cell, the
interconnection scribe facilitatiﬁg a series connection between the first photovoltaic
cell and the second photovoltaic cell; and

a dielectric material disposed within each-of the plurality of isolation scribes,
contacting at least a portion of the back contact layer of each of the plurality of
photovoltaic cells, and contacting at least a portion of the interconnection scribe of

each of the plurality of photovoltaic cells.

12. The photovoltaic device of Claim 11, further comprising a metallic
interconnection material disposed over at least a portion of the dielectric material of
each of the plurality of photovoltaic cells and providing electrical communication
between the conductive back contact layer of one of the photovoltaic cells and the
transparent conductive oxide layer of an adjacent cell of the plurality of photovoltaic
cells exposed by the interconnection scribe of the adjacent cell of the plurality of

photovoltaic cells.

13. The photovoltaic device of Claim 12, wherein the metallic interconnection

material is disposed on the dielectric material.

13
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14. The photovoltaic device of Claim 11, wherein the interconnection scribe is
one of a series of substantially circular dots, a series of short rectilinear scribes, and a

dashed line scribe.

15. A method for manufacturing a photovoltaic device comprising:

forming a plurality of isolation scribes in a photovoltaic device through a
transparent conductive oxide layer, a semiconductor layer, and a back contact layer of
disposed upon a substrate to define an array of photovoltaic cells on the photovoltaic
device; and

forming discontinuous interconnection scribes through the semiconductor layer
and the back contact layer of each of the photovoltaic cells, each of the discontinuous

scribes separated by non-scribed layers of each cell.

16. The method of Claim 15, further comprising a step of depositing a
dielectric material into the plurality of isolation scribes, wherein at least a portion of
the dielectric material is disposed on at least a portion of the back contact layer of one
of the photovoltaic cells, a portion of the back contact layer of a another of the
photovoltaic cells adjacent to the one of the photovoltaic cells, and at least a portion of

the interconnection scribe of the one of the photovoltaic cells.

17. The method of Claim 16, further comprising a step of removing a portion of
the dielectric material in the interconnection scribe to expose a portion of the

transparent conductive oxide.

18. The method of Claim 16, further comprising a step of depositing a metallic
interconnection layer at least partially covering the dielectric material and in contact
with the transparent conductive oxide of the one of the photovoltaic cells and the back
contact layer of the another of the photovoltaic cells to provide a series electrical
connection between the one of the photovoltaic cells and the another of the

photovoltaic cells.

14
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19. The method of Claim 16, wherein the dielectric material is deposited using

an ink jet printing process,
20, The method of Claim 15, wherein each of the discontinuous

interconnection scribes is one of a series of substantially circular dots, a series of short

rectilinear scribes, and a dashed line scribe.

15
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