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(57) Abstract: Solar cells (1010) operating in liquid (1016} have an increased operating efficiency resulting from two independent
- physical phenomena, an increase in outpat current from the solar celis {1010) simply by wetting the front and back of the solar cells

(1010} using a mounting table {1002), and enhanced collection of light through refraction and inner reflecticn of light in the liquid
O (1016). Dielectric lignids (1016) are found te increase output power efficiency of n/p junction solar cells (1010) and also function
as a medium for optical concentration. The properties of dielectric liquid (1016) permit the consiruction of a solar cell panel (1000}
with a suitable geometry for functioning as an optical concentrator.
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2% efficiency. Current conventional photovoltaic systens convert 7%to 17%
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2% efficiency. Current conventional photovoltaic systems convert 7% to 17% of light

energy into electrical energy.

What is first needed is a system and method for converting energy in a solar cell
with extremely high efficiency. What are also needed are solar cell materials and
structures, and solar cell fabrication procedures that are inexpensive while attaining high

- levels of efficiency in energy generation. A further need is a solar cell configuration that
permits collection of concentrated sunlight energy for conversion to electricity to increase

output power generation.

SUMMARY OF THE INVENTION

Solar cells operating in liquid have an increased operating efficiency resulting
from two independent physical phenomena, an increase in output current from the solar
cells from simply wetting the solar celis, and enhanced collection of light through
refraction and inner reflection of light in the liquid. Dielectric liquids are found to
increase energy conversion efficiency of n/p junction solar cells and also function as a
medium for optical concentration. The properties of dielectric liquid permit the
.construction of a solar cell panel with a suitable geometry for functioning as an optical

concentrator. -

An organic diclectric liguid immersing one or more junction photovoltaic cells

increases the energy conversion efficiency of the photovoltaic cells. The organic




a thin panel enclosure having a two-di nensional flat base, short side
wall's, and a transparent lid separated fromthe flat base2buly BB0&hort
side walls, the short side walls enclosing an interior cavity having a
depth substantially snmaller than either of the two- di nensional base

di mensi ons; one or nore solar cells contained within the thin panel

encl osure and having a front surface and back surface; a support contai ned
within the thin panel enclosure and that holds the one or nore solar cells
separate fromthe base and lid; and a thin layer of liquid contained within
the t hi ndiskaEic liskih absoyis @ highly sitebliesaedivne forrisagsyas argptical gprgentatpt. Jhe et t i ng
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According to a_second aspect of the invention, ‘there 1s provided a solar
ener gy effidient apdrdovi-easheptical conpentigionel cont ai ner encl osing an interior
cavity; one or nore solar cells disposed within the thin panel container
and having a front surface and back surface that are separated from

i nterior wal | dcgsrdipgdotshfipst maprst of dhe diviention, thevel in provided| aypelar efierky qui d
cont ai neghMefidl BripfiSinghi N panel container and bathing the one or nore
solar cells, wetting both the front surface and back surface of the one or
nore sol ar cethinspaaghencinsuate hayingetwordmensional detbase, shag sisisevals, ansk @ sol ar
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the invention, there is provided a solar energy converter conprising:. a
liqui d; SiflosHie soierioscaritychaving & depthisabstaniially smallorybans eithes ehthedrer | ayer

and a p- #inRasiost PhseAnadeions; | ayer formng a single n/p junction distributed

such that a front surface and a oy )
one or more solar cgl s contained within the thin panel enclosure and having a

front surface and back surface;
a support contained within the thin panel enclosure and that holds the one or more
solar cells separate from the base and lid; and
a thin layer of liquid contained within the thin panel enclosure and bathing the one or
more solar cells, wetting both the front surface and back surface of the one or more solar

cells.

According to a second aspect of the invention, there is provided a solar energy
converter comprising:

a thin panel container enclosing an interior cavity;

one or more solar cells disposed within the thin panel container and having a front
surface and back surface that are separated from interior walls of the thin panel container;
and

a thin layer of liquid contained within the thin panel container and bathing the one
or more solar cells, wetting both the front surface and back surface of the one or more
solar cells and covering the front surface of the one or more solar cells by a liquid depth of

15mm or less.

According to a third aspect of the invention, there is provided a solar energy
converter comprising; ‘

a liquid;

one or more solar cells each having an n-type semiconductor layer and a p-type
semiconductor layer forming a single n/p junction distributed such that a front surface and a

back surface of said one or more solar cells are in contact with the liquid; and




back surface of said one or nore solar cells are in contact with the
liquid; and 29 July 2005 3 an encapsul ation system encl oZony395| i qui d
and the one or nore solar cells, the encapsulation systemhaving a flat
base that supports the one or nore solar cells, the encapsulation system
havi ng transparent |ateral panel walls connected to the base formng a

| ens that focuses solar illumnation thyough the liquid to the one or nore
solar <cells, the walls enhancing collettion of |light through the walls and
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i ncrease the output power. For exanple, panel walls have suitable

transparency for operation as a. |ight beamcollector. Illumnation
col | ect ed t hr oeshding & ¢mbppdimerésnof tholinventiony theleeérgjamweaiontdﬂﬁclduwrmﬂar y of the

phot ovol ke b plo e o o FRRT R e blE R R ORES HEOEa PUF cr f mg ot

t he sol adieleefricdiquidt h t he organl c dielectric liquid in corrbl nation with
configuration of the solar panels as encapsulation systemwth walls

operating == W i BBTLERLEHE'S b S Sk BisuRP B80S, o,
t he encapsulation system containing photovolta1c cells and organic dlelectnc liquid increases
the output power of a solar cell or photovoltaic cell. The solar panel has a suitable
geometry for refracting illumination through the organic dielectric liquid to further
increase the output power. For example, panel walls have suitable transparency for
operation as a. light beam collector. Illumination collected through the light beam collector
refracts at the boundary of the organic dielectric liquid and enhances the photoelectric
effect of the photovoltaic cells.

According to embodiments of the invention, wetting of the solar cells with the
organic dielectric liquid in combination with configuration of the solar panels as
encapsulation system with walls operating as light beam collectors greatly improves output

power and reduces cost per watt.

According to embodiments of the present invention, the
solar panel can be in the form of a low height dome or cylindrical structure with a
substantially flat panel tray covering a first end of the cylinder and a panel cover or lid
covering a second end of the cylinder. All or a portion of the panel walls and the panel
lid are transparent for functionality as a light collector. The horizontal cross-section of
the cylinder can have any suitable shape such as a circle, an ellipse, an oval, an egg-
shape, a rectangle, a triangle, and a square. The horizontal cross-section of the cylinder

can be symmetric or asymmetric.




sol ar panel can be in the formof a | ow height donme or cylindrical
structure with a substantially flat panel tray covering a%4uls20nd of the
cylinder and a panel cover or lid covering a second end of the cylinder.
Al'l or a portion of the panel walls and the panel 1id are transparent for
functionality as a light collector. The horizontal cross-section of the
cyl i nder can have any suitable shape such as a circle, an ellipse, an oval,
an egg- shape, a rectangle, a triangle,&hnd a square. The horizonta
cross-section of the cylinder can be symetric or asymretric. 29 July 2005
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are pol ari zed perpendicular to the surface planes of the solar cell over
the surfaces of the solar cell. BRI EF DESCRI PTI ON OF THE DRAW NGS
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surface planes of the solar cell over the surfaces of the solar cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention relating to both structure and method of operation,
may best be understood by referring to the following description and accompanying

drawings.

FIGURE 1 is a schematic block diagram showing an example of a solar panel in a configuration

for improving energy conversion efficiency.

FIGURE 2 is a schematic pictorial diagram that illustrates an example of a

photovoltaic cell that is suitable for usage in the solar panel

FIGURE 3 is a graph showing two photovoltaic response plots with current-
voltage (I-V) characteristics for two different commercial silicon (Si) solar cells operated

under natural illumination under cloudy or rainy conditions.

FIGURE 4 is a graph that illustrates a photovoltaic response plot including
current-voltage (I-V) characteristics for a commercial silicon (Si) solar cell operated

under natural illurhination under an air mass value AM 1.5 on natural solar radiation of a
clear sky.




for inproving energy conversion efficiency. FIGURE 2 is a schematic
pictorial diagramthat illustrates an exanple of a phot oI 2008l | t hat
is suitable for usage in the solar panel FIGURE 3 is a graph show ng two
phot ovol tai c response plots with current- voltage (1-V) characteristics for
two different coomercial silicon (Si) solar cells operated wunder natural
illum nation under cloudy or rainy conditions. FIGURE 4 is a graph that
illustrates a photovoltaic response p3 t including current-voltage (1-V)
characteristics for a cormmercial silicon (Si) solar cell operated under
naéI ural ill ]chrrFlﬁUilmlS m%eaph?ga?h?mm%&m@og@ %hoﬁigg@umﬁ%m,gﬁs o:c ar
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for a cooimhicidallectid ligi@p (Si) solar cell inmersed in various depths of
organic dielectric liquid. FIGJRE 6 is a graph that depicts the
relationship of output power to the angle of light incident on the_

phot ovol t ai ¢ EEGUREE@ISJ%grﬁpIQ%SdemPtﬁh@m@OﬂSM of ogPHipPVeR i the|anglsof Hglls t he
rati o of ijRrhiBHMOphAbolRRWRN. received froma photovoltaic cell immersed
in organic dielectric liquid as a function of incident |[|ight angle. FIGURE
8a and 8b depict the structure for testing a solar cell in accordance with
this invention; and FI GURES 9A and 9B illustrate a side and top view,
respectively, of an




enbodi nent of a solar cell panel encapsul ating systemi nClZé(yﬂ&g?P%5SO| ar
cell nmounting table. DETAILED DESCRI PTI ON Referring to FlI

schemati c bl ock di agram depi cts an exanple of a solar panel 100 in a
suitabl e configuration for inproving*energy conversion efficiency. The
sol ar panel 10CF1iGiiRﬁ‘dkis aggrgintkht dblasteatexthe raly df@Zaxtidain duqmlrpoweltmmdved

surface soI anel ,100, an anel .wal.l s 104 .on | des of
The col ar TRGIPhoBTORRE caiiens &t orerbs il ireiaians » bl ofmeisih ot or
hi ghl'y swﬁ@bh@glgxarrpl es, the solar panel 100 has the form of a | ow hei ght
cylindrical” structure with the panel tray 102 covering one end of the

cyl i nder and a neI I|d 112 coverlng a second end of the cylinder. or
a portion of bsdepped thpruchise fuiesting ﬂéOIE&QelhmeaC?qréﬁ@ﬁaﬁlﬂiht to
pronote fupge Bh Iy as a Ilght coll ector. The horizontal cross-section

of the cyli1nder can have any suitable shape such as a circle, an ellipse,

an oval, an egg-shape, a rectangle, a triangle, and a square. The
cross-section of the cylinder can be symmetric or asynmetric. Generally a
sol ar panel 100 with a sinple shape is generally nost cost-effective. The
panel wal 189104 | nprove out put power efficiency of the solar panel 100 in
two ways. First, and nost obviously, the panel walls 104 hold the organic

dielectric Iqumm,@ bR édaemaﬂ!ahuétéamé%d@dyhaberek &Hbely) sraneases the

energy conversion effici ewﬁ/ phot ovol tai c cel 6. Second, the panel
wal | s~ 104 eeehedientodaspiar peml ¢npapyuldimgaystem m¢lg¢lmg@@plaée¢1bmouwmg can add
addi ti onal ﬂ rge increases to the output power of the solar cell. The

tal l% . .
panel wal I'ST104 can be geonetrically configured to operate as a | ens

containing the refractive liquid, formng an optical systemthat anplifies
t he power-enhancing effect of 29 July 2005 5 the liquid. In one exanple,

t he panel DETASLEDDESCRIRTEOMN e form of a curved lens for focusing the
sunlight on the photovoltaic cell 106.

Referring to FIGURE 1, a schematic block diagram depicts an example of a solar
panel 100 in a suitable configuration for improving energy conversion efficiency. The
solar panel 100 includes a panel base or tray 102 that forms a lower surface wall of the
solar panel 100, and panel walls 104 on all sides of the solar panel 100 The solar panel
100 can have any shape. In one set of highly suitable examples, the solar panel 100 has
the form of a low height cylindrical structure with the panel tray 102 covering one end of
the cylinder and a panel 1id 112 covering a second end of the cylinder. All or a portion of
the panel walls 104 and the panel lid 112 are transparent to promote functionality as a
light collector. The horizontal cross-section of the cylinder can have any suitable shape
such as a circle, an ellibse, an oval, an egg-shape, a rectangle, a triangle, and a square.
The cross-section of the cylinder can be symmetric or asymmetric. Generally a solar
panel 100 with a simple shape is generally most cost-effective.

The panel walls 104 improve output power efficiency of the solar panel 100 in
two ways. First, and most obviously, the panel walls 104 hold the organic dielectric
liquid 110 in the panel tray 102 and the liquid increases the energy conversion efficiency
of photovoltaic cells 106. Second, the panel walls 104 can be transparent to functionasa
light collector that can add additional large increases to the output power of the solar cell.
The panel walls 104 can be geometrically configured to operate as a lens containing the
refractive liquid, forming an optical system that amplifies the power-enhancing effect of




I n one exanpl e, the solar panel 100 has a rectangul ar shape and accordingly
has _  four panel walls 104. Many ot her exanpl es can have 48 Julye2G05t
geonetric forms including various nugbers of straight sides, curved forns,

or combi nat j i CMI The nel, walls.104 and nel tray 102
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| iquid essefuchgihf thewuhlighttonlteejagevolthitaeHdlogdr panel 100 is configured as an
encapsul ati on system or container that contains the photovoltaic cells 106
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dielectric 44 qui d, 11 nhances .t he hot.oel ectri.c effect of
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arr anged imdlda@aﬁarlebhbl@mqaﬂ?eskéhﬁanywhthauﬂeéﬁh%& that both front and rear
surfaces of the solar cells 106 are wetted with the organic dielectric

liquid 110. A solar panel 100 typically has many photovoltaic cells 106.
Power | eads 108 Hissokspandilll is ¢onfiguredias ea vatapsulatienesystem ocontaine dhetect i on

to an ext T o2 C
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One or more junction photovoltaic cells 106 are arranged in the panel tray 102 in
such a manner that both front and rear surfaces of the solar cells 106 are wetted with the
organic dielectric liquid 110. A solar panel 100 typically has many photovoltaic cells

- 106. Power leads 108 are connected to the photovoltaic cells 106 for connection to an
external load (not shown). The photovoltaic cells 106 can be arranged in any suitable
configuration in the panel tray 102, either removed from or in connection with any of the
panel walls 104. .

In some embodiments, the encapsulation system has a base or panel tray 102 and
cover or panel lid 112 area that is substantially larger than total surface area covered by
the one or more photovoltaic cells 106 so that more illumination through the panel walls
104 is collected to convert to electricity.

In one example the photovoltaic cells 106 can be silicon junction solar celis,
Other types of photovoltaic cells 106 can be used such as gallium-arsenide cells and the
like. '

The panel tray 102 contains an organic dielectric liquid 110 that partially or fully
- immerses the one or more photovoltaic cells 106, The organic dielectric liquid 110
increases the efficiency of junction photovoltaic cells 106. The organic dielectric liquid




The panel tray 102 contains an organic dielectric liquid 110 that partially
or fully imrerses the one or nore photovoltaic cells 106.29%y 210§ani c
dielectric liquid 110 increases the gfficiency of junction photovoltaic
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i mpinging on the photovoltaic cell 106. Various materials are suitable for
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sem conducisemicth@uctor 210 and a p-type semiconductor 212. The semiconductor layers including

1n/p junction generate an electric current in response to application of sunlight impinging

on the photovoltaic cell 106. Various materials are suitable for usage in the
semiconductor layers including single crystal silicon, multicrystalline silicon, amorphous
silicon, multicrystalline silicon thin films, single crystal silicon thin films, IIT-V
compounds including gailium-arsenide (GaAs), Gallium- Indium-Phosphorus (GalnP),
Gallium-Indium-Arsenide (GalnAs), and others. In addition to the semiconductor np
layers, the photovoltaic cell 106 includes a top metallic grid 214 or other electrical

“contact for collecting electric current from the cell and transferring electric current to an
external load. A back contact layer 216 is included to complete the electrical circuit. On
the top surface of the complete cell, a transparent encapsulant 218 constructed from a
material such as glass or plastic seals the cell. An antireflective coating 220 on a top
surface of the photovoltaic cell 106 is included to prevent light 222 from reflecting away
from the photovoltaic cell 106. A transparent adhesive layer 224 affixes the transparent
encapsulant 218 to the photovoltaic cell 106.

Referring to FIGURE 3, two photovoltaic response plots show current-voltage (I-
V) characteristics for two different commercial silicon (Si) solar cells operated under
natural illumination under cloudy or rainy conditions with an illumination intensity of

4400 Lx. An I-V response curve 312 and an I-V response curve 322 illustrate
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. when the solar cell is immersed in the glycerin fluid.

Under the same illumination condition, performance of the solar cells is
substantially improved by operating the photovoltaic cells 106 partly or fully immersed in .
. organic dielectric tiquid 110. Ymprovements in output power performance of a solar cell
 vary according to numerous factors including composition of the liquid and depth of the

liquid in relation to solar cell size.

Referring to FIGURE 4, a photovoltaic response plot shows current-voltage (I-V)
characteristics for a commercial silicon (Si) solar cell A 310 operated under natural
illumination under an air mass value AM 1.5 on natural solar radiation of a clear sky.
Curve 401 shows the I-V characteristic for operation of a solar cell in air. Curve 402
shows the I-V characteristic with the solar cell immersed in ethyl alcohol. The
improvement of short circuit current Isc and open current voltage Vioc for the solar cell in
liquid is about 38% and about 10%, respectively. The improvement in output power is
approximately 64% when the solar cell is connected to a 250 Q. load, and approximately
23% when the solar cell is connected to a 1000 Q load.

Referring to FIGURE 5, a photovoltaic response plot shows current-voltage (I-V)

characteristics for a commercial silicon (Si) solar cell immersed in various depths of
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o Similar measurements result when photovoltaic cells 106 are immersed in various
organic dielectric liquids 110 such as toluene, isopropy! alcohol, and glycerin. The
maximum output power from the solar cell occurs at the depth of 7 % 1 mm above the
upper surface of the cells for the listed organic dielectric liquids 110. In other examples,
+ the optimum fluid depth may vary according to the particular organic dielectric liquid 110
that is selected and configuration of the tray such as tray diameter.

The most suitable depth of the organic dieleciric liquid 110 appears o relate to
light focusing over the location of the photovoltaic cell 106 in the panel tray 102.

Maximum output power measurements acquired under illumination from a
S00W/5500°K. color temperature lamp using organic dielectric liquids 110 of glycerin,
isopropyl alcohol, toluene, and trichloroethylene shown in Table 1. Table I illustrates the
maximum increment of short circuit current Isc, (Also/TsC)rax, in solar cell B 320 in a
Yiguid depth D. The specific weight p and refractive index N are given for the organic
dielectric liquids 110. Among the organic dielectric liquids, glycerin is a non-polar
dielectric. Isopropyl alcohol, toluene, and trichloroethylene are polar dielectric.
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centigrade. Thus the dielectric material with these characteristics can be used at most
points on earth, including the Arctic and the tropics. The dielectric material should be
free of chlorine, iodine or bromine because such materials are not suitable in case of fire.
One appropriate material which resulted in a 42% power increase when used on top of a
solar cell was propylene glycoi (IN=1.433). Propylene glycol is used for antifreeze in
automobiles and has been discovered to be safe for use as a dielectric fluid in covering a

solar cell to increase power output. In case of fire, the byproducts of burning propylene

Another material which resulted in a 63% increase in power output is from

Cargille and is a dielectric liquid for optics. In particular, the Cargille material is
described in Cargille literature as an immersion liquid for lasers. The index of refraction
is 1.535, the material freézes at —45° centigrade and boils at greater than 370° centigrade.
The material is safe in that it produces CQ, if burned and is stable for greater than 10
years in sunlight. The material was tested to determine the increase of solar cell output.
The structure in which tests were run is shown in FIGURES 8A and 8B. FIGURE 8A .

shows a ceramic bowl 81 the walls of which are covered by a white 3M ScotchTM tape 85.




29 July 2005 9 Table I Liquid P N (Alsc/lIsc)ma D (nm Trichl oroethyl ene
1.439 1.471 0.44 7:h 1 Toluene 0.8669 1.496 0.42 - 7 f 12PJ8Wyr298§1 Al cohol
0.7855 1.3776 0.31 74:1 dycerin 1.2613 1.4746 0.27 7:h 1. As shown in
Table I, any polar dielectric liquid g th a high index of refraction Nis
suitable to enhance greater output power of junction solar cells due to
wetting effect. The increnment of power increase using a dielectric is
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centigrade. yu. a1 55 Commerce Rd.,, Cedar Grove, New Jersey, 07009. The characteristics of this
material are given in the material safety data sheet produced by Cargille relating to this

material.

Output power efficiency increases when a solar cell is operated in a highly
electrically resistive and optically transparent liquid. Generally, any liquid that is
electrically resistive and optically transparent in the wavelength region from 3000 A to
20000 A is suitable. Any organic dielectric liquid, whether polar or nonpolar, is suitable
for usage in a solar panel. Greater energy conversion efficiency is attained for a polar
organic dielectric liquid with increasing efficiency for liquids with a relatively higher
index of refraction such as toluene or trichloroethylene. In a practical application, the
organic dielectric liquid can also be selected according to the climate and likely seasonal
weather conditions of the solar energy panel installation based on the melting point and
the boiling point of various liquids. Generally, an organic dielectric liquid 110 with a
lower freezing temperature and a higher boiling temperature is advantageous to prevent
damage from freezing in cold conditions and to more efficiently utilize solar energy in hot

conditions.

In some embodiments, the liquid need not be an organic dielectric liquid 110 but
rather can be an elecfrically nonconductive and optically transparent dielectric such as

pure water to observe an increase of output power of junction solar cells.




The material is safe in that it produces C2if burned an&gﬂgw§¥ggle for
greater than 10 years in sunlight. The material was tested to determ ne
the increase of solar cell output. The structure in which tests were run -
is showmn in FIGURES 8A and 8B. FIGURE 8A shows a ceramic bow 81 the walls
of which are covered by a white 3 M ScotchTmtape 85. -- -- - -----
-------- 29 July ép?S 10 Cross sections 85a and 85b of this tape are shown
in FI GURE 8A whi | SeicHing e SREHRE £, g granl dopicts; the rrlatipnphip of oBtpst pFveCtRtes A
shows the 3MageetdidRE: r r Of | qw the
top edge. Solaggl cel Iéhgz |I%En§%§gtg@ @H%?g%gﬁggﬂ QHG {lp{he lluEtfh%vQ %rg ebo\gy
base 84 whi cﬁlq?@n'gnl}é@ltt Fovge ivpeawmdofromhe seler eell as bdwhctiofihef thelaaglecs] |

di stance abous CHhee SpaeRi Sohestht SO TR IR B 1 Sl of el

82 has two lead wires 82a and 82b which support the solar cell the 1nm

di stance above the epoxy base 84 in a cantilevered fashion. Lead wires 82a
and 82b are attached to the epoxy base 84 by glue 86a and 86b. Tests
showed that LA, which is the ratio of the short circuit current

i nprovenent over the normal short circuit current were such that the
maxi mum power i nprovenment was 62. 6% using the CargilleTmimersion |iquid
code 1160 with a refractive index of 1.535. This liquid 83 is manufactured
by R P. Cargille Laboratories, 1Inc., at 55 Comrerce Rd., Cedar G ove, New
Jersey, 07009. The characteristics of this material are given in the
materi al safety data sheet produced by Cargille relating to this material.
Qut put power efficiency increases when a solar cell is operated in a highly
electrically resistive and optically transparent |iquid. Generally, any
liquid that is electrically resistive and optically transparent in the
wavel ength region from3000 Ato 20000 Ais suitable. Any organic
dielectric liquid, whether polar or nonpolar, is suitable
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for usage in a solar panel. G eater energy conversion efficiency Is
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surface  refracted through the side wall of the petri dish.

posd

In the illustrative test, the presence of ethanol around the photovoltaic cell 106
results in an increase of approximately 33% in the output power during daylight, asis *
shown by blocked-illumination test curve 603. More than 35% of the increase in output
power results from sunlight refracted through the side wall of the dish to the photovoltaic
cell 106. In total, approximately a 68% increase in output power is obtained during a
sunny day. |

Referring to FIGURE 7, a graph 701 illustrates the ratio of maximum output
power curve 602 from a photovoltaic cell 106 immersed in ethanol 110 to that of control
curve 601 in air in FIGURE 6. Similar experimental test points 702 show the same

- power ratios obtained comparing cell efficiency in liquid to cell efficiency in air for

| benzene fluid baths. The geometry of the solar panel 100 including aspects of the
transparent panel lid 112, the transparent panel walls 104, the geometry of the panel walls
104 to focus solar energy in the organic dielectric liquid 110, operates to increase solar
cell efficiency.

A solar panel 100 that utilizes the disclosed geometry and organic dielectric liquid
extracts an enhanced output power from the solar cells at incident illumination angles
from 10° to 75° the full range of effective sunlight angles, without tracking sun position.
The illustrative example 701 shows an increase of approximately 70% in the output

power for a day using a solar cell immersed in ethanol. The example 702 shows an
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obt ai ned duri ng The isureusyd effivienBphitow dnglek of fncfddhée résults 6@ B oflkction of
ut ower curve 602 froma

illustrates t@g {1&5'@% of Xi, mum_out 2 ) . .

phot ovol t afRe1¢58} hightdhron w#l ef the penel.1 Adaxgs efifrdencyfinereaneinatizinadr ve 601
inair in gk ixbrioht & 'F@@ﬁ ' : he.same
power ratios obtal nrtla tco aF’?’ﬁga(E:% ﬁ?&?’gh%@a*ﬁ&‘f@éﬁ%ﬁaggé e, &

ef fi ci encynéarlyi0% imreasbanaepe poiver it dbadrived infthe opearatimi 6f/sobir celdeinanteed panel
100 i ncl udi ng, as ec‘iesf of the tr,t%tnspﬁr ent papel |id 112, the_ transparent
panel wal | § 9620 g ?’r@tyrsyyﬁf‘ Fd pamstonantensity 05abqw 4B LE- sol ar ener gy
in the organic dielectric liquid 110, operates to increase solar cell

ef ficiency. A sehampanglor #RGiHtakve bl FsL HtfudthselIRSETs BERIREA 1y and

organi.c dielectric liquid extracts an enhanced ou pl}t power fromthe solar
cel I s at i Hevidand engapstuted within the ghuel, cahrhowe Y@riqus offter bemefits firlextractipn off
effective Mcf)n%i]{)o@&g lI%?' ’ex%f)lg,o e s&lgrafalgep&nslﬂaugg gﬁrh;l)so or other devices for
circulating the liquid, so solar cells can be cooled to depress the decrease in output power
that results from a rise in liquid temperature. Circulating the liquid also permits

simultaneous collection of solar thermal energy from the liquid.

In an additional embodirent of this invention, a solid dielectric film is deposited
-over the surfaces of the p-n junction cells. The dipoles of the solid dielectric film are

polarized along the self-induced electric field across the p-n junction.




The illustrative exanple 701 shows an increase of approximately 70%in the

output power for a day using a solar cell inmersed in et R8Iy 20Pfe exanpl e
702 shows an - =---- ----- 29 July 2005 13 increase of approximtely 120%
in the output power for a day using 4 solar cell imersed in benzene.

During a year, as the season changes, an angle of elevation of the sun at
noon varies between cp+23.5 and cp-23.5 at a point with the latitude cp on
the earth. Aresult derived fromFI GURES 6 and 7 suggests that the
direction of the solar panel plane needs to be selected to effectively
utilize the fallen light on the side wall of the system according to the

| ati tude of the location on the earth. The increased efficiency at |ow
angl es of incidence results fromthe collection of incident |ight through

the side vl | ORefehifasbAAf 1o MIGURES, Es 0t MNecSERR drydtilipleled 1Ot

only in bright sunlight’ but also ring hazy or cl For

exanpl e, asurfealdld Gdar ccH 8@ with dieleqidt ligoidek016s hothdeenbuliiznant, the ratio
operation spl ar. cel l.s,i rsed i t hanol upnder a -cfoudy sky.wth an
i IOI um nat i‘%ﬁh‘? ﬁsf’é’ﬁgﬁvﬁ 5@11 t‘gu(e)uf’{e %ﬁ%gﬁimra%?&sﬁ?tﬁg?%@ ]&% F%Eeaﬁ frative
sol ar panedhortichehi Sientseh 8 o6@kded wwaﬁﬁ%ﬁw 1Bar dutEtd S B8 Qolmmﬁﬂ%l,%ﬁd

within the panel, can have vari ous Ot her '

. enefits for extraction o
addi t i onalcxgams; frichieroetiasleptc Althhegls FIGURBRAA cad: 9mgirovide poergreenagrlanyt her

- devices fo 2 lathng t-he Liqui r.cell.s capn be cogled to

‘depress t he’(ramb géﬂrlg%{s?g} {uhﬁ%S%f?%Bkmggﬂg‘?g %#ﬁ@e@’ﬁﬁ?@‘@ Pg{heé‘)]raf gegi TIQUpHRE i §
t enper at urtable Cini beedigrivd it BBy hiaitiérOwigibh endi@édthhtthe Sdalbd kR BGMSfa6®]s! ect i on
of solar thermal” energy fromthe liquid. In an additional enbodi ment of

this i nverdioyid tabedel.d dielectric filmis deposited over the surfaces of
the p-n junction cells. The dipoles of the solid dielectric filmare

polarized al ongeid6RES' b4 ARLGEIaR!ifGFakibn bl Aledi LRSSy 3G, PssPedthafy, LEN-
solar panel encapsulating system 1000 including a solar cell mounting table 1002. In this

embodiment, encapsulating system 1000 includes a transparent lid 1004, a tray 1006, and
transparent side walls 1008. Encapsulation system 1000 encloses an array of solar cells
1010 mounted or placed on mounting table 1002, which defines a set of holes 1012,
Holes 1012 are located on mounting table 1002 to provide a spé.ce 1018 proximate to the
rear surface 1014 of solar cell 1010. Space 1018 allows a dielectric liquid 1016 to pool
proximate to rear surface 1014 such that the entire rear surface can be made wet, Inone

example, space 1018 provides no less than a 1 mm gap.

While the invention has been described with reference to various embodiments, it
will be understood that these embodiments are illustrative and that the scope of the
invention is not limited to them. Many variations, modifications, additions and
improvements of the embodiments described are possible. For example, those of ordinary
skiil in the art will readily implement the steps necessary to provide the stractures and
methods disclosed herein, and will understand that the process parameters, materials, and
dimensions are given by way of example only and can be varied to achiéve the desired
structure as well as modifications which are within the scope of the mveﬁﬁon. Variations
and modifications of the embodiments disclosed herein may be made based on the
description set forth herein, without departing from the scope and spirit of the invention as

set forth in the following claims.




29 July 2005 14 Referring again to FIGURE 5, curve 501 illustrates a
result of wetting rear surface 1014 of solar cell 1010 wi¢huly €%t ric
liquid 1016. In this enbodinent, the gatio of the Isc of curve 501 to that
of curve 500 indikcates -th out an l1l.% increase in.the sgfmt circuit
current can be o %eﬁiﬁmpﬁﬁWﬁgdﬁ%%ﬁﬁ@%e 2, is el 1 gre QLMOTSy ¢ 1y,
for exanpl éhantonet.hl or oet hyl ene. Al t hough, FI GURES 9A and 9B provi de one
exenpl ary enbodi nent for the design of nmounting table 1002, the design of
the solar cell nounting table can be designed in any nmanner which ensures
that the rear solar cell surface is allowed to be wet. FIGURES 9A and 9B
are illustration of the side and top view, respectively, of solar panel
encapsul ati ng system 1000 i ncluding a solar cell nounting table 1002. In
this enbodi ment, encapsul ati ng system 1000 i ncludes a transparent |id
1004, a tray 1006, and transparent side walls 1008. Encapsul ation system
1000 encl oses an array of solar cells 1010 nounted or placed on nmounting
tabl e 1002, which defines a set of holes 1012. Holes 1012 are | ocated on
mounting table 1002 to provide a space 1018 proxinmate to the rear surface
1014 of solar cell 1010. Space 1018 allows a dielectric liquid 1016 to pool
proxi mate to rear surface 1014 such that the entire rear surface can be
made wet. I n one exanple, space 1018 provides no |l ess than a 1 nm gap.
Wil e the invention has been described with reference to various

enbodi nents, it wll be understood that these enbodinents are illustrative
and that the scope of the inventionis not limted to them Many

vari ations, nodifications, additions and inprovenents of the enbodinents

descri bed are possible. For exanple, those of ordinary skill in the art
will readily inplenment the steps necessary to provide the structures and
nmet hods di scl osed herein, and will understand that the process paraneters,

materials, and dinensions are given byway of exanple only and can be
varied to achi eve the desired :




structure as well as nodifications which are within the scope of the
invention. Variations and nodifications of the enbodi mentZd Jylys#08sed
herein may be made based on the description set forth herein, wthout
departing fromthe scope and spirit of the invention as set forth in the
following clains. 29 July 2005 15 In the clains, unless otherw se
indicated the article "a" is to refer to "one or nore than one". 29 July
2005 16 CLAIMS 1. A solar energy copverter conprising: a thin panel

encl osure having a two-di nensional flat base, short side walls, and a
transperams | id separated fromthe flat base by the short side walls, the
short 1si de Mlajrs e§ncl oSl ng an.Lnterior cavity having a depth substantially
smal | ef thah er fher SF PHEOPHE S mensi onal base di nensi ons; one or nore
sol ar cel | 8 titwpdnai eneldsund baving at the-dintnsionah figlbagnsHoa Side @valls) Andavrhidgarantflidont

surfa rf s aa Su rt contained. within the thi. anel,
encl ogsgl?agﬁgdng&?ﬁget ﬁ#é)la%;gb%{[ fhe Slg?{g%g? VAoY es%‘P‘irS’dgé’Y %e[écioﬁgﬂgé‘f‘én e‘%’@ﬁ\”?he
base dwving # deptlosubistantipllyi smallerylen eitfer dfitiputiva-dmendi@iahiaek diinértions; t he t hi n panel
encl osure I e (.. or | ar .cell s tt.ing.bath.the front
surface angllqlzg%{(t:h%}r Q%Jdr]?é%% cc())? ﬂ?’ﬁgwétﬁ}é t%rtﬁl% el Shqlahte anpt havin igﬁ‘f'ﬁéu’gac%? i
ener gyagkomsfeset er according to aim 1 wherein: the support separates the

one or norg s@?&r%onﬁﬁéd ?ﬁﬂfqug ﬂ%ﬁr@%ﬁ? %ﬁ%&&% atﬁ%a‘?h&k?&ﬁc% 2 ulfl%{g solal BSHis §eﬁnhl§{e front

energy converter accor ereLn: COVer s
sur f ad@mghe hapeandid ast nore solar cells by 15mMmor less. 4. The sol ar

energy cony i ifer F4GAI Lnfithed Qithih Bk Minlpa SR de and bathing the one or more solar cells,

wetting both the front surface and back surface of the one or more solar cells.

2. The solar energy converter according to Claim 1 wherein:

the support separates the one or more solar cells from the base by more than 1mm.

3. The solar energy converter according to Claim 1 wherein:

the liquid covers the front surface of the one or more solar cells by 15mm or less.

4. The solar energy converter according to Claim 1 wherein:

the thin layer of liquid is selected from among a group of liquids comprising water, electrically
nonconductive and optically transparent dielectric liquids, polar organic dielectric liquids, nonpolar
organic dielectric liquids, a dielectric liquid with an index of refraction greater than 1.43, a freezing point
less than -40°C, and a boiling point greater than 200°C, and an immersion liquid for lasers with an index of

refraction of approximately 1.535, a freezing point less than -45°C, and a boiling point greater than 370°C.

5. The solar energy converter according to Claim 1 wherein:

the support is a mounting table.

6. The solar energy converter according to Claim 1 wherein:

the short side walls are selected from among a group including transparent walls and opaque walls.




the thin layer of liquid is selected fromanong a group of |iquids
conprising water, electrically nonconductive and optlcaIQ@JUWéW@ﬁarent
dielectric liquids, polar organic dielectric |iquids, nonpolar organic
dielectric liquids, a dielectric liquid with an index of refraction greater
than 1.43, a freezing point 1less than -40C, and a boiling point greater
than 200C, and an immersion liquid for lasers wwth an index of refraction
of approximately 1.535, a freezing pofnt | ess than -45C, and a boiling

- point greater than 370C. 5. The sol ar energy converter according to Claimli
wherein: the support is a nounting table. 6. The sol ar energy converter

accor di ng ’Tﬁbs@ia?én@?g}cm&{e‘?hd&crdﬂag%(ﬁﬁfﬁrltw&keq? wal I's are sel ected from anong
a group including transparent walls and opaque walls. 29 July 2005 17 7.
Of

The sol ar dbfhigpanshinglorire sdgstes fiamagiorss apu afenclasies istinding anelopurpnfuhere|

encl osm@ritifg &aiumﬁlgde\fieéaml@e@agle%f afcglaﬁng}ﬁe R teédéi ﬁé sdP S B EhcRREEOS UT €S
further conprising circulating devices and capabl circulating the

i qui d" GOBRIGFLY Pﬂ%osg d'lleakquedemt%out ansefuen & g ﬂtienh‘lmcb Shepveting of adreise t he

|'i qui Guifdct Bl BaclRRfatd @i dne br Bbre Gothratklld WbidsRefbibd efficichtRat Wellihi Hhfquidne
front surfacg and back surface of the one or norfe solar cells being
f

suf fi di@heAY™Es fici ent that cooling of the liquid is not required. 8. A
sol ar energy converter conprising: a thin panel container enclosing an

i nterigor Cﬁ¥55¥mﬂgpﬁm95?ﬂgﬁﬁ ﬁﬁéar cells disposed within the thin panel

cont ai ner an hav ron face and back surface that are separated
fron1|nterﬁ@ﬁnmmﬂwgm@ﬂﬂﬁMéﬁmEammbam@HWUDntalner and a thin layer of liquid

t d sol ar
ol o "ot hefbrd a8 Ll oAy SN B A AR AT A d SorP Bl TR, 50
" sol ar S@@W@a@ﬁ%e%ﬂ@ﬁfﬂglmﬁ@W?lbnfthe MHaadeommemmd one or nore solar cells
by a I'iqui Ajthﬂmel@eli] opflt%u]tisma%d k&ﬂﬁlﬁthe in Pl § t]ﬂ[gerg&fﬂ eggtﬂ?}ﬁ?er&r%orggo(ifﬂ'r di ng

to Claim8 wherein hin | ayer o I|qU| rom anong a group
of i ﬁﬂ]sd\get@tgrﬁgﬂ'q thg ﬁi@lt virfaeq and dpekosurface of thg one or more solar cells and covering the front

surface of the one or more solar cells by a liquid depth of 15mm or less.

9. The solar energy converter according to Claim 8 wherein:

the thin layer of liquid is selected from among a group of liquids comprising water, electrically
nonconductive and optically transparent dielectric liquids, polar organic dielectric liquids, nonpolar
organic dielectric liquids, a dielectric liquid with an index of refraction greater than 1.43, a freezing point
less than -40°C, and a boiling point greater than 200°C, and an immersion liquid for lasers with an index
of refraction of approximately 1.535, a freezing point less than -45°C, and a boiling point greater than
370°C.

10.  Asolar energy converter comprising:

a liquid;

one or more solar cells each having an n-type semiconductor layer and a p-type semiconductor layer
forming a single n/p junction distributed such that a front surface and a back surface of said one or more
solar cells are in contact with the liquid; and

an encapsulation system enclosing the liquid and the one or more solar cells, the encapsulation
system having a flat base that supports the one or more solar cells, the encapsulation system having
transparent lateral panel walls connected to the base forming a lens that focuses solar illumination

through the liquid to the one or more solar cells, the walls enhancing collection of light through the




nonconductive and optically transparent dielectric |iquids, polar organic
dielectric liquids, nonpolar organic dielectric |iquids, 28 Jy2085tric
liquid with an index of refraction greater than 1.43, a freezing point

| ess than -40C, and a boiling point greater than 200C, and an i nmersion
liquid for lasers with an index of refraction of approximately 1.535, a
freezing point |less than -45C, and a boiling point greater than 370C 10.
A sol ar energy converter conpri sing: | iquid; one or nore solar cells
each having an n-type sem conduct or Igger and a p-type sem conductor | ayer
formng a single n/p junction distributed such that a front surface and a

back Sai . R solar cells a in contact. wth the

1 qui gl AFnle Sl B Sbudihy Sonehfoll oG cnguioih i SPEOE Rkl e

mor e Sy liwideetersghe frdnesudfaes@phe bitor owre selpstebrhyHamimyg less. f | at base t hat
supports the one or nore solar cells, the encapsul ati on system havi ng
transparen I@#eral panel walls connected to the base formng a | ens that
focuse's: sollAF Sofar engrey SeRveis 2ccpding tRfHaM @ Whei d to the one or nore sol ar
cell's, the thalijusd BARanaho Aict@lrlcafiidanatf sdidc@d froh HnAg polah GicldSridiguids 2005 18
wal I s and tﬁ%gégh.tgg liquid and optically concentrating solar energy to
the ofgnRSfar SIS cell's wherein the 1iquid covers the front surface of
the one or nore solar cells by 15mmor |less. 11. The solar energy converter

accor 49 rfle Sl QondE 1ol DI W bl oABGhgant © diel ectric Iiquid
that is selected from anon po? r dielectric I'fquitds and nonpol ar
di el ect ri c the epgangelation Bystep having| & transpasend wovso that pllaws saloc dludimtion tv @madam 10
furt herogRMRgsieng: the encapsul ation system having a transparent cover
that allows solar illum nation to pernmeate through the liquid. 13. The
sol ar energy converter according to Claim 10 further conprising: the
encapg8l at TeysoRy Gk tdmRerfer £06HHing 0 @4ina0 f@fheofplidifpelr i cal structure with a
flat panel tr%Y . . . s .

the encapsulation system in a configuration of a cylindrical structure with a flat panel tray
covering a first end of the cylindrical structure and a panel cover or lid covering a second end of the

cylindrical structure,




covering a first end of the cylindrical structure and a panel cover or Ilid
covering a second end of the cylindrical structure. 29 J@SWuR(EHS 19 14.
The sol ar energy converter according to Claim10 further conprising: the
encapsul ati on system conprising walls and a cover at |east partially
constructed fromtransparent glass or plastic. 15. The sol ar energy
converter according to Claim 10 wherein: the encapsul ati on system has a
base and cover area that is larger than a total surface area covered by the
one or nore solar cells. 16. The solar energy converter according to Claim
10 further conprising: the encapsul ati a®@ systemin a configuration of a
cylindrical structure with a flat panel tray covering a first end of the
cylindrical structure and a panel cover or |lid covering a second end of the
cyl i ndAi calhe sslar enefgy cavyerteh&cating todtlaimdll fisthernwotnpristnghavi ng a cr oss- secti onal
geonetry sel e fr.O clLrel n ellipse n.oval eqqg- shape,
e Foct angt ACEbERUAOY AR R Sl o Ber o Bt g0 PRl SV GRNERS:
shape ghscbr plasticasymnmet ri ¢ shape. 17. The sol ar energy converter according to
Claim 10 wherein: the encapsul ation systemis a thin panel enclosure having
a two-di nensional flat base, |ateral panel walls conprising short side

wal | s, >-andThe sprssregy saperter yegordiap @ CArimd O mbesgint he f1 at base by the short side
wal I's, the tighedpsulsiof Systsal hoS a®ask! 208 bVSr B8 thitli SlaiceF th&PWiotal shAVd /G caveRARY fhe
substanti al | mal | er than either of the two-dinmensional base dinensions.
29 JulPfFe Sogb“eﬂ%. The sol ar energy converter according to Caim 10
wherein: the liquid is selected fromanong a group of |iquids conprising
‘wat er el ri JV ically.transparent dielectric

i qui ollg po eas?lgtgérn%ré%{;bgo‘%@gﬁgg% 'b%% | qdpgjgrélérﬁorﬁ%%f"&r organic dielectric

| i qui ds, etlsaneipsulation system in a configuration of a cylindrical structure with a flat panel tray covering a

first end of the cylindrical structure and a panel cover or lid covering a second end of the cylindrical
structure, the cylindrical structure having a cross-sectional geometry selected from among a circle, an ellipse,
an oval, an egg-shape, a rectangle, a triangle, a square and being selected from among a symmetric shape and

an asymmetric shape.

17.  The solar energy converter according to Claim 10 wherein:
the encapsulation system is a thin panel enclosure having a two-dimensional flat base, lateral panel walls
comprising short side walls, and a transparent lid separated from the flat base by the short side walls, the short

side walls enclosing an interior cavity having a depth substantially smaller than either of the two-dimensional

base dimensions.




benzene, toluene, trichol oroethyl ene, propylene glycol, a dielectric liquid
with an index of refraction greater than 1.43, a freezi n@gariyrogsess than
-40C, and a boiling point greater than 200C, and an imersion liquid for

| asers with an index of refraction of approximately 1.535, a freezing
point less than -45C, and a boiling point greater than 370C.

20

18. The solar energy converter according to Claim 10 wherein:

the liquid is selected from among a group of liquids comprising water, electrically nonconductive and
optically transparent dielectric liquids, polar organic dielectric liquids, nonpolar organic dielectric liquids, ethanol,
benzene, toluene, tricholoroethylene, propylene glycol, a dielectric liquid with an index of refraction greater than
1.43, a freczing point less than -40°C, and a boiling point greater than 200°C, and an immersion liquid for lasers
with an index of refraction of approximately 1.535, a freezing point less than -45°C, and a boiling point greater

than 370°C.




