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DESCRIPTION

[Technical Field]

[0001] The present invention relates to photovoltaic elements.

[Background Art]

[0002] So-called solar cells and various other types of elements and devices have been
devised as photovoltaic elements that convert optical energy into electric energy. The
photovoltaic elements are roughly classified into two; those using silicon-based material and
those using compound-based material as the material for exerting photovoltaic effect.

[0003] Elements that use monocrystalline silicon, polycrystalline silicon, heterojunction model,
amorphous silicon and thin-film polycrystalline silicon are typical examples of elements that use
silicon-based material. Meanwhile, elements using group IlI-V compounds, CIS (using copper
(Cu), indium (In) and selenium (Se) as main components), CIGS (using copper (Cu), indium
(In), gallium (Ga) and selenium (Se) as main components), CdTe, organic thin film and dye-
sensitized material are examples of elements that use compound-based material.

[0004] In addition to the above-described photovoltaic elements, there are elements using
silicon dioxide, which is an insulator, as power generating material. This is based on a finding
by the present inventors that silicon dioxide itself exerts photo electrolysis effect and
photovoltaic effect.

[0005] The present inventors have found that synthetic quartz and fused quartz, which are
silicon dioxides, exert photovoltaic effect, and proposed a silicon dioxide solar cell as
photoelectrode material and photocell material (Patent Literatures 1 and 2).

[0006] With reference to FIG. 7, we will describe a tandem-type power generation element
using two photovoltaic layers formed of silicon dioxide (SiO5) and titanium oxide (TiOy) as a

prior art example.

[0007] US 2009/293947 A1 discloses a photoelectric transducer comprising a light transparent
substrate, a light transparent conductive layer provided on the light transparent substrate and
a porous semiconductor layer provided on the light transparent conductive layer. The porous
semiconductor layer can absorb coloring matter and contains an electrolyte. The photoelectric
transducer further comprises a porous spacer layer containing an electrolyte provided on the
porous semiconductor layer and a counter electrolyte layer provided on the porous spacer
layer.
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[0008] US 2009/133741 A1 discloses a photoelectric conversion device comprising a
laminated body comprising a conducting substrate and an opposing electrode layer, a porous
spacer layer containing an electrolyte, a porous semiconductor layer that absorbs a dye and
contains the electrolyte and a light transmitting conductive layer respectively laminated in this
order on the conducting substrate.

[0009] US 2014/096813 A1 discloses a photoelectric conversion element including a
transparent substrate, a transparent conductive layer arranged on the transparent substrate, a
photoelectric conversion layer arranged on the transparent conductive layer, a porous
insulating layer arranged in contact with the photoelectric conversion layer, a reflective layer
arranged in contact with the porous insulating layer, and a catalyst layer and a counter
conductive layer that are arranged on the reflective layer.

[0010] EP 2 453 266 A1 discloses a dye-sensitized solar cell including a first electrode, a light
absorption layer disposed on one side of the first electrode, a second electrode facing the first
electrode, a light reflecting layer disposed on one side of the second electrode, and an
electrolyte filled between the first electrode and the second electrode. The light reflecting layer
includes a plurality of thin films including a first oxide thin film and a second oxide thin film, the
first oxide thin film has a different reflective index from the second oxide thin film, and the first
and second oxide thin films are stacked alternatively. EP 2 685 554 A1 discloses a silicon
dioxide solar cell and a tandem solar cell comprising silicon dioxide and dye sensitized TiO»,

separated by a membrane.

[0011] In FIG. 7, reference numbers 1 and 2 denote glass substrates, and 3 and 4 denote
FTO (fluorine-doped tin oxide) layers.

[0012] A porous titanium dioxide layer 6 hardened by sintering is formed on the FTO layer 3 on
the side from which incident light enters. The porous titanium dioxide layer 6 carries titania
particles on which are adsorbed ruthenium complex dye as sensitized dye. Further, a platinum
film 5 is formed on the FTO layer 4.

[0013] Asilicon dioxide layer 7 composed of silicon dioxide particles is formed on the platinum
film 5, so that the layer 7 has a thickness of 0.15 - 0.20 mm in the height direction.

[0014] Moreover, the distance between the titanium dioxide layer 6 and the silicon dioxide
layer 7 in the height direction is 0.2 mm or greater, and electrolyte 9 is sealed in a space
surrounded on four sides by a sealing member 8.

[0015] As illustrated in FIGs. 1, 2, 4 and 7, the direction perpendicular to the substrate surface
of the photovoltaic element is referred to as the height direction, and thickness of layers and
films is described by the distance thereof,

[0016] The silicon dioxide layer 7 serving as the photovoltaic layer is composed of silicon
dioxide particles, which are formed by immersing particles of glass and the like containing
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silicon dioxide in a 5 - 10 % hydrofluoric solution, washing the particles with water, drying, and
pulverizing the same so that the particle size is 0.2 mm or smaller.

[0017] As described, individual shapes of the pulverized silicon dioxide particles may be
approximately spherical, but nonspherical particles as illustrated in FIG. 8 also exist.

[0018] The individual silicon dioxide particles 10 have various shapes. In the present
specification, as illustrated in FIG. 8, a maximum elongation direction of the individual silicon
dioxide particles 10 is referred to as a major axis L, and the average major axis is used to
denote the shape of the silicon dioxide particles used in the photovoltaic layer and a first
photovoltaic layer 17. In the prior art example illustrated in FIG. 7, a material having an
average major axis L of 500 - 800 nm is used.

[0019] The tandem-type photovoltaic element described here characterizes in using silicon
dioxide as the photovoltaic layer. As illustrated in FIG. 9, it is confirmed that silicon dioxide has
higher quantum efficiency than titanium dioxide even in the ultraviolet region, and that it also
absorbs light in the infrared region of 2500 nm and higher. Therefore, silicon dioxide exerts
photovoltaic effect in a wider wavelength region compared to titanium dioxide and realizes an
extremely high power generation efficiency. According to such tandem-type photovoltaic
element, the inventors of the present invention have achieved a maximum output of 28.00

uW/cm? per unit area in an illumination of 1000 lux.

[Citation List]

[Patent Literature]

[0020]
[PTL 1] International Publication of International Patent Application WO 2011/049156 A1
[PTL 2] International Publication of International Patent Application WO 2012/124655 A1

[Summary of Invention]

[Technical Problem]

[0021] The photovoltaic elements disclosed in PTL 1 and PTL 2 can be manufactured using a
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low-cost material compared to prior art solar cells, and the energy conversion effect thereof is
extremely high compared to other photovoltaic elements. However, even further enhancement
of energy conversion effect is desired in photovoltaic elements.

[Solution to Problem]

[0022] According to the claimed invention, a photovoltaic element for solving the above-
described problem, comprises a first photovoltaic layer composed of a silicon dioxide particle
that has an average major axis of 100 nm or smaller, and wherein a thickness of the first
photovoltaic layer in a height direction is formed to be smaller than three times the average
major axis of the silicon dioxide particle.

[Advantageous Effects of Invention]

[0023] The photovoltaic element described above significantly improves the power generation
output per unit area compared to the prior art photovoltaic element.

[0024] The problems, configurations and effects other than those described above will become
apparent from the following description of embodiments.

[Brief Description of Drawings]

[0025]

[FIG. 1] FIG. 1 is a cross-sectional view of a tandem-type photovoltaic element according to a
first embodiment, not forming part of the claimed invention.

[FIG. 2] FIG. 2 is a cross-sectional view of a tandem-type photovoltaic element according to a
second embodiment.

[FIG. 3] FIG. 3 is an enlarged view of portion A of FIG. 2.

[FIG. 4] FIG. 4 is a cross-sectional view of a tandem-type photovoltaic element according to a
third embodiment.

[FIG. 5] FIG. 5 is an enlarged view of portion B of FIG. 4.

[FIG. 6] FIG. 6 is a schematic diagram in which a first conductive film according to the third
embodiment is illustrated from bird's eye view.

[FIG. 7] FIG. 7 is a cross-sectional view of a tandem-type photovoltaic element according to a
comparative example.
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[FIG. 8] FIG. 8 is a view illustrating an example of a silicon dioxide particle.

[FIG. 9] FIG. 9 is a measurement chart of quantum efficiency of the photovoltaic element
composed of TiO, and the photovoltaic element including SiO5 in a light wavelength region.

[Description of Embodiments]

[0026] Now, preferred embodiments of the present invention will be described with reference
to the drawings. At first, matters common to the first, second and third embodiments are
described.

[0027] FIG. 1 is a tandem-type photovoltaic element according to a first embodiment, not
forming part of the claimed invention. FIG. 2 is a cross-sectional view of a tandem-type
photovoltaic element according to a second embodiment, and FIG. 4 is a cross-sectional view
of a tandem-type photovoltaic element according to a third embodiment, wherein matters
described below are common to FIGs. 1, 2 and 4, so they are described with reference to FIG.
1 as the representative drawing.

[0028] FIGs. 1, 2 and 4 all illustrate a tandem-type photovoltaic element comprising two
photovoltaic layers, which are a first photovoltaic layer and a second photovoltaic layer.

[0029] In FIG. 1, among a first substrate 12 and a second substrate 11, at least the second
substrate arranged on a side from which incident light enters is composed of a transparent
material, and preferably, both substrates are composed of transparent material. Glass is a
popular transparent material, but resin, such as plastic, can be used instead of glass.

[0030] A transparent second conductive film 13 is formed on the second substrate. The
second conductive film 13 is preferably composed of FTO (fluorine-doped tin oxide), but other
than the FTO layer, an indium-tin complex oxide (I0T) may be used, for example.

[0031] A second photovoltaic layer 16 is formed on the second conductive film 13. A typical
example of the second photovoltaic layer 16 is an oxide semiconductor layer, and specifically,
oxide semiconductors such as TiO5, SnO, ZnO, WO3, NbyOg, In503, ZrOs, TazOs5 and TiSrO4

are preferable. A porous titanium dioxide layer hardened by sintering is even further
preferable.

[0032] Sulfide semiconductors such as CdS, ZnS, InyS, PbS, MosS, WS;, SbySi3, BisSi,
ZnCdS; and CuSo may be used. Moreover, metal chalcogenide such as CdSe, InySes, WSe»,
PbSe and CdTe are also applicable.

[0033] Even further, elemental semiconductors such as GaAs, Si, Se and InP may be used.
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[0034] Further, a composite of two or more substances described above, such as a composite
of SnO and ZnO or a composite of TiO; and Nb>Og, may also be used.

[0035] The varieties of semiconductors are not restricted to those described above, and a
mixture of two or more substances may also be used.

[0036] The thickness of the second photovoltaic layer 16 in the height direction should
preferably be 3 - 30 um, and more preferably, 6 - 20 um.

[0037] Further, the above-described second photovoltaic layer 16 may carry sensitized dye.
Various dyes that exert sensitization can be applied as the dye carried by the second
photovoltaic layer 16, and for example, N3 complex, N719 complex (N719 dye), Ru complex
such as Ru terpyridine complex (black dye) and Ru diketonate complex, organic dyes such as
coumarin dye, merocyanine dye and polyene dye, metal porphyrin dye and phthalocyanine dye
are applicable. Among these dyes, the Ru complex is preferable, and specifically, N719 dye
and black dye are especially preferable since they exert a wide absorption spectrum in the
visible light range.

[0038] The dye can be used alone, or two or more dyes can be used in a mixture.

[0039] The above-described matters are common to the first, second and third embodiments
and FIGs. 1, 2 and 4. In the following description, matters common to the first to third
embodiments but have different reference numbers assigned in the drawings will be described
by referring to the different reference numbers in the drawings.

[0040] A first conductive film (14 in FIGs. 1 and 2; 22 in FIG. 4) is formed on an upper surface
of the first substrate 12. The first conductive film is preferably FTO (fluorine-doped tin oxide),
but other than the FTO layer, for example, an indium - tin complex oxide (ITO) may be used.

[0041] A charge exchange layer (15 in FIGs. 1 and 2; 23 in FIG. 4) is formed on the first
conductive film. A platinum (Pt) film is preferable as the charge exchange layer, but carbon
electrode and conductive polymer may also be used instead of the platinum (Pt) film.

[0042] A first photovoltaic layer (21 in FIG. 1; 17 in FIG. 2; 24 in FIG. 4) is formed on the
charge exchange layer.

[0043] In any of the first to third embodiments, a first photovoltaic layer is composed by
dispersing silicon dioxide particles 10 as a first photovoltaic layer (21 in FIG. 1; 17 in FIG. 2; 24
in FIG. 4) on the charge exchange layer (15 in FIGs. 1 and 2; 23 in FIG. 4).

[0044] The silicon dioxide particles 10 that constitute the first photovoltaic layer (21 in FIG. 1;
17 in FIG. 2; 24 in FIG. 4) use glass particles formed for example of synthetic quartz, fused
quartz glass, soda-lime glass, non-alkali glass or borosilicate glass, which are immersed in a
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solution of 5 - 10 % hydrofluoric acid or hydrochloric acid, washed with water and dried, and
pulverized so that a major axis L of the particles is 20 to 100 nm. The first to third
embodiments use synthetic quartz particles, which are crystalline of silicon dioxide, which are
immersed in 10 % hydrofluoric solution, washed with water and dried, and pulverized so that a
major axis L of the particles is 20 - 100 nm.

[0045] Electrolyte 19 is enclosed between the first photovoltaic layer (21 in FIG. 1; 17 in FIG.
2; 24 in FIG. 4) and the second photovoltaic layer 16, in a space that is surrounded by a
sealing member 18 on four sides. The electrolyte 19 is used in the prior-art dye-sensitized
solar cells, and it can be of any of the following states; liquid, solid, coagulated and ordinary
temperature molten salt.

[0046] The electrolyte can be, for example, a combination of metal iodide, such as lithium
iodide, sodium iodide, potassium iodide and cesium iodide, and iodine; a combination of iodine
salt of quaternary ammonium compound, such as tetraalkylammonium iodide, pyridinium
iodide and imidazolium iodide, and iodine; a combination of bromine compound - bromine
instead of the aforementioned iodine and iodine compound; or a combination of cobalt
complex.

[0047] If the electrolyte is an ionic liquid, there is no need to use a solvent. The electrolyte may
be a gel electrolyte, a high polymer electrolyte or a solid electrolyte, and an organic charge
transport material may be used instead of the electrolyte.

[0048] If the electrolyte 19 is in a state of a solution, the solvent may be, for example, nitrile-
based solvent such as acetonitrile, metoxyacetonitrile and propionitrile, carbonate-based
solvent such as ethylene carbonate, and ether-based solvent.

[0049] Specifically, the electrolyte 19 used in the first to third embodiments is formed by adding
0.1 mol Lil, 0.05 mol I5, 0.5 mol 4-tetra-butylpyridine and 0.5 mol tetrabutylammonium iodide in

acetonitrile solvent.

[0050] The distance between the first photovoltaic layer (21 in FIG. 1; 17 in FIG. 2; 24 in FIG.
4) and the second photovoltaic layer 16 in the height direction should preferably be as short as
possible, since transfer of charge becomes easier if the distance is shorter.

[0051] In the first to third embodiments, the thickness of the electrolyte 19 portion in the height
direction, that is, the distance between the first photovoltaic layer (21 in FIG. 1; 17 in FIG. 2; 24
in FIG. 4) and the second photovoltaic layer 16 in the height direction, is 200 uym or smaller.

[0052] Method for evaluating the maximum output value per unit area according to the present
specification is as described below.

[0053] An LED light (manufactured by Cosmotechno Co., Ltd.) was used to irradiate light from
the second substrate side, and light corresponding to 1000 lux by illuminometer DT-1309
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manufactured by CEM Corporation was irradiated to the photovoltaic element being the target
for measurement. A digital multimeter was used to measure the |-V characteristics of the
photovoltaic element as the target for measurement, by which values of short circuit current,
open circuit voltage and form factor ff were acquired, and the maximum output value per unit
area was derived.

[0054] Hereafter, characteristics of the present embodiments will be described with reference
to the drawings. The other portions are similar to the description regarding the matters
common to the first to third embodiments described above.

First Embodiment (not forming part of the claimed invention)

[0055] FIG. 1 is a view illustrating a first embodiment, not forming part of the claimed invention.
In the first embodiment, silicon dioxide particles having an average major axis L of 20 - 100 nm
are used as the silicon dioxide particles 10 used in the first photovoltaic layer 21. These silicon
dioxide particles 10 are dispersed in an overlapped manner on a flat first conductive fiim 14
(FTO layer) and a similarly flat charge exchange layer 15 (Pt layer) formed thereon, by which
the first photovoltaic layer 21 having a thickness of 300 to 500 nm in the height direction is
composed.

[0056] Other conditions are as described as matters common to the first to third embodiments.

[0057] As a result, the embodiment realizes a significant improvement of photovoltaic efficiency
compared to the prior art example described in the background art.

L t FTO layer Maximum output
roughness per unit area
Prior Art 500~800nm {0.15~0.20mm { Very little surface 28.00pW/cm?
height difference
First 20~100nm {300~500nm {Very little surface 35.00uW/cm?2
Embodiment height difference

L: Average major axis of silicon dioxide particles
t: Silicon dioxide layer thickness

[0058] In the first embodiment, the average major axis of the silicon dioxide particles 10 is
small compared to the prior art, which is considered effective in increasing the surface area of
the silicon dioxide particles 10 in the first photovoltaic layer 21 and raising the photovoltaic
efficiency.

Second Embodiment (claimed invention)
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[0059] FIG. 2 is a view illustrating a second embodiment. The second embodiment uses the
same materials and the like used in the first embodiment. However, in the second
embodiment, a first photovoltaic layer 17 is composed so that the silicon dioxide particles 10
are arranged on a flat first conductive film 14 and a similarly flat charge exchange layer 15
disposed thereon, so that the thickness thereof in the height direction is 300 nm or smaller.

[0060] That is, the thickness of the first photovoltaic layer in the height direction is reduced
compared to the first embodiment.

[0061] FIG. 3 is an enlarged view of portion A of FIG. 2, wherein the silicon dioxide particles 10
constituting the first photovoltaic layer 17 are dispersed on the flat first conductive fiim 14 (FTO
layer) and the similarly flat charge exchange layer 14 (Pt layer) formed thereon, in a state
where there is small overlap of particles.

[0062] As a result, the embodiment realizes a significant improvement of photovoltaic efficiency
compared to the prior art example described in the background art.

L t FTO layer Maximum output

roughness per unit area

Prior Art 500~800nm;0.15~0.20mm { Very little surface 28.00pW/cm?
height difference

Second 20~100nm {300nm or Very little surface 45.48uW/cm?

Embodiment less height difference

L: Average major axis of silicon dioxide particles

t: Silicon dioxide layer thickness

[0063] In the second embodiment, the overlapping of the silicon dioxide particles 10 in the first
photovoltaic layer 17 is reduced, according to which the property of charge transfer near the
first photovoltaic layer 17 is enhanced, by which the photovoltaic efficiency is considered to be
increased.

[0064] Therefore, it is important not to arrange too much silicon dioxide particles 10 on the
upper surface of the charge exchange layer 15 in order to improve the photovoltaic efficiency.
That is, it has been confirmed that the photovoltaic amount is increased if the silicon dioxide
particles 10 are not excessively overlapped and sufficient space is formed therebetween.

[0065] Therefore, the thickness of the first photovoltaic layer 17 in the height direction is equal
to or smaller than three times the average major axis L of the silicon dioxide particles.

[0066] The silicon dioxide particles 10 should preferably be arranged on the surface of an
upper layer of the charge exchange layer 15 in a dispersed manner with spaces formed
therebetween. This arrangement is to prevent the silicon dioxide particles 10 from being
arranged in an overcrowded manner and hindering conductivity between the charge exchange
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layer 15, the silicon dioxide particles 10 and the electrolyte 19. It is preferable that the charge
exchange layer 15, the silicon dioxide particles 10 and the electrolyte 19 are arranged with
sufficient allowance, so that the total sum of contact surface areas of the charge exchange
layer 15, the silicon dioxide particles 10 and the electrolyte 19 that perform charge exchange is
maximized.

[0067] Therefore, the photovoltaic amount can be increased by arranging the silicon dioxide
particles 10 in the first photovoltaic layer 17 such that the charge exchange layer 15 is visible
through the spaces between the silicon dioxide particles 10 when the first substrate 12 is
viewed from the second substrate 11 side.

Third Embodiment (claimed invention)

[0068] FIG. 4 is a view illustrating a third embodiment. The third embodiment uses the same
materials and the like as the first embodiment. However, in the third embodiment, a first
conductive film 22 (FTO layer) and a charge exchange layer 23 (Pt layer) that constitute a
base on which the silicon dioxide particles 10 are arranged are not flat. As illustrated in FIG. 4,
the first conductive film 22 has an uneven surface (roughness or asperity), with a height
difference of approximately 50 nm formed on the surface. The charge exchange layer 23
formed on the first conductive film 22 also has a roughness on the surface, influenced by the
height difference formed on the first conductive film 22.

[0069] FIG. 5 is an enlarged view of portion B of FIG. 4. The silicon dioxide particles 10
constituting the first photovoltaic layer 24 are dispersed on the first conductive film 22 that has
a roughness on the surface and the charge exchange layer 23 formed thereon and having a
similar roughness, in a state where there is small overlap of particles.

[0070] The difference of height of the surface roughness of the first conductive film 22 should
be 50 nm or greater, and more preferably, 100 nm or greater. Further, it is preferable that the
charge exchange layer 23 formed on the first conductive fiim 22 is formed in a manner
maintaining the shape of the roughness on the surface of the first conductive film 22 without
burying the surface roughness of the first conductive film 22.

[0071] As a result, the embodiment realizes an even further significant improvement of
photovoltaic efficiency compared to the prior art example described in the background art.

L t FTO layer roughness jMaximum output
per unit area
Prior Art 500~800nm{0.15~0.20mm § Very little surface 28.00pW/cm?
height difference
Third 20~100nm {300nm or Surface height 70.8uW/cm?2
Embodiment less difference approx. 50

nm
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iL: Average major axis of silicon dioxide particles t: Silicon dioxide layer thickness §

[0072] The arrangement of the silicon dioxide particles 10 dispersed on the charge exchange
layer 23 formed on the first conductive film 22 is influenced by the surface roughness of the
first conductive film 22 and charge exchange layer 23 as base layers.

[0073] Thanks to the surface roughness of the base layers, the silicon dioxide particles 10 are
arranged in a thinly dispersed manner. Thereby, the silicon dioxide particles 10 are arranged
with appropriate spatial allowance without excessive overlap, and therefore, the increase of
photovoltaic amount is confirmed.

[0074] FIG. 6 is a schematic diagram in which the first conductive film 22 is illustrated from
bird's eye view. The shape of the surface roughness of the first conductive film 22 is not only
risen steeply, as illustrated in FIG. 5, but may also include a structure 25 where the surface is
somewhat rounded, as illustrated in FIG. 6. Further, the roughness does not have to be
random, as illustrated in FIGs. 5 and 6, and the roughness can be regularly arranged shapes,
such as structural cones, trigonal pyramids, quadrangular pyramids and other pyramid shapes.

[0075] The present invention is not restricted to the above-described second and third
embodiments, and various modifications are possible. For example, the optimum average
major axis of the silicon dioxide particles 10 may vary according to the distribution of size and
shape of the silicon dioxide particles 10 constituting the first photovoltaic layer. Similarly, the
optimum value of thickness of the first conductive film in the height direction may vary
according to the distribution of size and shape of the silicon dioxide particles 10.

[0076] Further, various optimum combinations of height difference of unevenness in the height
direction of the first conductive film and/or the charge exchange layer, the shape of the
roughness, and the distribution of the roughness in a direction parallel to the first substrate
may be adopted in response to the distribution of size and shape of the silicon dioxide particles
10.

[0077] Of course, a portion of the respective embodiments may be added to, deleted from or
replaced with other materials and configurations.

[Reference Signs List]

[0078]

10

silicon dioxide particle
11

second substrate



12

13

14

15

16

17

18

19

21

22

23

24

first substrate

second conductive film

first conductive film

charge exchange layer

second photovoltaic layer

first photovoltaic layer

sealing member

electrolyte

first photovoltaic layer

first conductive film

charge exchange layer

first photovoltaic layer
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Patentkrav

1. Fotovoltaisk element omfattende et farste fotovoltaisk lag (17, 24),

hvor det farste fotovoltaiske lag (17, 24) bestar af en siliciumdioxidpartikel (10),
der har en gennemsnitlig hovedakse pa 100 nm eller mindre, og kendetegnet
ved, at

en tykkelse af det farste fotovoltaiske lag (17, 24) i en hgjderetning er udformet
til at veere lig med eller mindre end tre gange en gennemsnitlig hovedakse af
siliciumdioxidpartiklen (10).

2. Fotovoltaisk element ifglge krav 1, yderligere omfattende:

et farste substrat (12) omfattende en ferste ledende film (14) pa en overflade
og et andet substrat (11) omfattende en anden ledende film (13) pa en over-
flade, som er anbragt saledes, at den ferste ledende film (14) og den anden
ledende film (13) vender mod hinanden;

et andet fotovoltaisk lag (16), der er anbragt pa den anden ledende film (13);
et ladningsudvekslingslag (15), der er anbragt pa den ferste ledende film (14);
hvor det ferste fotovoltaiske lag (17, 24) er anbragt pa ladningsudvekslingsla-
get (15); og

en elektrolyt (19) er anbragt mellem det andet fotovoltaiske lag (16) og det
farste fotovoltaiske lag (17, 24).

3. Fotovoltaisk element ifglge krav 1 eller 2,

hvor, nar det ferste substrat (12) ses fra den anden substratside, er siliciumdi-
oxidpartiklen (10) i det farste fotovoltaiske lag (17, 24) anbragt saledes, at lad-
ningsudvekslingslaget (15) er synligt gennem et mellemrum dannet mellem
siliciumdioxidpartiklerne (10).

4. Fotovoltaisk element ifalge et hvilket som helst af kravene 1 til 3,
hvor ladningsudvekslingslaget (15) og/eller den ferste ledende film (14) har en
ruhed pa 50 nm eller mere i hgjderetningen.

5. Fotovoltaisk element ifglge et hvilket som helst af kravene 1 til 4,
hvor siliciumdioxidpartiklen (10) er siliciumdioxid nedseenket i hydrogenhalid.
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6. Fotovoltaisk element ifalge et hvilket som helst af kravene 2 til 5,
hvor det andet fotovoltaiske lag (16) er en substans udvalgt blandt TiO2, SnO,
Zn0O, WO3, Nb20s, In203, ZrO2, Ta20s5 og TiSrO:s.

7. Fotovoltaisk element ifglge et hvilket som helst af kravene 2 til 6,
hvor det andet fotovoltaiske lag (16) omfatter derpa anbragt sensibiliseret far-
vestof.
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