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function as Ical concentr operties
di el ectric lehepgiydntoeldvirical Bgerggonstruction of a solar cell panel with a
suitabl e geonetry for functioning as an optical concentrator. An organic
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organi cis  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.

20 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 cells, and enhanced collection of light through
refraction and inner reflection of light in the liquid. Dielectric liquids are found to

25  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 dielectric liquid immersing one or more junction photovoltaic cells

30  increases the energy conversion efficiency of the photovoltaic cells. The organic
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liquid with increasing efficiency for liquids with a relatively higher

i ndex of refMiticthe @rganic 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 a further aspect of some embodiments of the present invention, the
20  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-
25  shape, arectangle, a triangle, and a square. The horizontal cross-section of the cylinder

can be symmetric or asymmetric.

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.

30  The organic dielectric liquid can be further selected based on the melting point and the
boiling point of various liquids for solar energy systems according to seasonal weather

and climate of practical usage. For example, the liquid can be selected based on values of
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schematic bl ock di agram showi ng an exanple of a solar panel in a
configuration for inproving energy conversion efficiency. FIGURE 2 is a
schemati ¢ piBRIEF PESURIPFEON 0 THE DRAWINGSan exanple of a 15
photovoltaic cell that 1s suitable for usage 1n the solar panel. FIGJRE 3
is a graph showi ng two photqvo]taic response plots with current- voltage
(1-V) charact eri stedgatpgss of s d&sqr;hgfi@mboéw@llgweﬁq l?ec‘EﬂYe[gP)SP%tl? Iycel I's
operated un bhdedBIAk] PRwWHREE Embb @ thein¥ntfEiatih® BSboth
FIGURE 4 is g@fgpg%&lti{eﬁégpéﬁeﬁust rat es@opﬁortnovo taltc resélon%e pl gtl ?nc?oudi ng
20 cur r dft - sohittageandimathod hfomeratemi stay bsstfherundestwddyaeiziring toitbofollpSing
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1.5 on nat urrgFrPHPE AN ABOMAABRIGT DV} ear sky. FIGURE 5 is a graph of a
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FIGURE 2 is a schematic pictorial diagram that illustrates an example of a

15  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 commércial 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
20  current-voltage (I-V) characteristics for a commercial silicon (Si) solar cell operated
under natural illumination under an air mass value AM 1.5 on natural solar radiation of a

clear sky.

FIGURE 5 is a graph of a photovoltaic response plot showing current-voltage
(I-V) characteristics for a commercial silicon (Si) solar cell immersed in various depths of

25  organic dielectric liquid.

FIGURE 6 is a graph that depicts the relationship of output power to the angle of
light incident on the photovoltaic cell.
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FIGURE 7 is a graph that illustrates the ratio of maxi num out put power
recei ved wig@mogsiphot ovoltaic cell imrersed in organic di gdeggidorG7ds6qui d as
a function of incident |1ight angle. Bl GURE 8a and 8b depict the structure
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enbodi nent of a solar cell panel encapsul ating systemincluding a solar

cel I mount i Hght 2nglet ap| e. DETAI LED DESCRI PTION Referring to FIGURE 1, a
schematic bl ock di agram depicts an exanple of a solar panel 100 in a
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sol ar panel 100 includes a panel base or tray 102 that forns a | ower

surf ace Wal thinfvedton5 sol ar panel 100, and panel walls 104 on all sides of
the sol ar panel 100 The sol ar panel 100 can have any shape. In one set of
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cylinder anghg@ panel lid 112 covering a second end of the cylinder. Al or
a portion of the panel walls 104 and the panel lid 112 are transparent to
pronote functionality as a 20 light collector. The, horizontal cross-section
of the cylinder E&G 1%@“@&9&6\@9@3&?&%@5 angd {OR Ve, ZePeriived) OAAt el | i pse,
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cross-section o e cyll e symetric or asynfetric. Gbnera? ly a

sol ar panetabldd0 with a sinple shape is generally nmost cost-effective. The
panel walls 104 inprove output power efficiency of the solar panel 100 in

25 two ways. First, and nost obviously, the panel walls 104 hold the

organi c die r I g O 1.n the panel tray 102 and the liquid
i ncreases t fe—¢ .I(:ED fiu..“.“:*.ru.. ef ficiency of photovoltaic cells 106.
Second, the panel malls 104 can be transparent to function as a |ight

col l ector that cRefeadfs adRiGUREA, o seh@RaticoHlockadiagrainadepites auéauiplpofesolaf
the solar Cgalule'l 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
15  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 lid 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
20 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 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
25  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 function as a
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

30 refractive liquid, forming an optical system that amplifies the power-enhancing effect of
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Power | eads 108 are connected to the qhot ovol taic ceg s 106 for connectl on
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cover or pan ljd 11 r subst ially larger than total surface
area cover e@ﬁﬁg‘?efef% %ﬁ?& %&hﬁﬂhﬁ‘g%‘ﬁ@f‘b 3@?&: cells 106 so that nore
illumnation through the panel walls 25 104 is collected to convert to

electrigsty. In %&mhﬁlchbﬁp%t@{f&t@k E@lisC1 068 Sraddd edtheBandittalyd®? in
junction solar cells O her types of photovoltaic cells 106 can be used

such as gal Isheln mesesiithe bod frentang reggsurfaces 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
20  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

25 104 is collected to convert to electricity.

In one example the photovoltaic cells 106 can be silicon junction solar cells.
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
30  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
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junction generate an electric current in response to application of

sunl i ght i nBFRIMSSgVeton t he photovoltaic cel | 106. Various materials are
suitable for usage in the sem conductor |ayers including single crystal
silicon, multicryedalihh RFEGURKCY, 2 REBHRONS oril liaSth ity Stalgi oE
silicon thin films, single crystal silicon thin fifnms, 111-V 20 conpounds
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Gal |'i um | ndi_ ym Arseni I nd..others. | ddition . the
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semiconductor layers including single crystal silicon, multicrystalline silicon, amorphous

silicon, multicrystalline silicon thin films, single crystal silicon thin films, III-V

20 compounds including gallium-arsenide (GaAs), Gallium- Indium-Phosphorus (GalnP),
Gallium-Indium-Arsenide (GalnAs), and others. In addition to the semiconductor n/p
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

25  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.

30 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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substantially improved by operating the photovoltaic cells 106 partly or fully immersed in

. organic dielectric liquid 110. Improvements in output power performance of a solar cell
20  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.

25  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 Voc 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

30  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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depth of 7 1 mm above_ ihe . o o
upper surface of the cells for the listed organic dielectric liquids 110. In other examples,

20  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 dielectric liquid 110 appears to 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
25  500W/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, (Alsc/Isc)max, in solar cell B 320 in a
liquid 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

30  dielectric. Isopropyl alcohol, toluene, and trichloroethylene are polar dielectric.
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glycol is ugeded¢ ovdilylidgd BEZ6lat Bell. These materials have an index of refraction greater

than 1.43, a freezing point less than -40° centigrade and a boiling point greater than 200°
centigrade. Thus the dielectric material with these characteristics can be used at most

10  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 glycol (N=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

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

glycol are carbon dioxide (CO;) and carbon monoxide (CO).

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
20  is 1.535, the material freezes at —45° centigrade and boils at greater than 370° centigrade.
The material is safe in that it produces CO, 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 Scotch tape 85.
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organic dielectric liquid with increasing efficiency for liquids with a relatively higher
20 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
25  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 electrically nonconductive and optically transparent dielectric such as

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

30 Referring to FIGURE 6, a graph depicts the relationship of output power to the
angle of light incident on the photovoltaic cell 106. In the illustrative example, the
maximum output power is measured from a solar cell as a function of the angle of

incidence at which sunlight strikes the front face of the solar cell 106 and/or a side wall of



organic dielectric liquid wth increasing efficiency for liquids with a
relatively higher 20 index of refraction such as tol uene or

trichl orogigyslenge I n a practical application, the organipggrthi®bgeisgi C
liquid can al so be sel ected accordingito the climate and |ikely seasonal

weat her congid @ %%aﬂ%l sErEt% 5ﬂi4arM9a[§ﬁfe Rane akkﬂ%ﬁlth@éh&wvégﬁ&e& 1%6t1£“§1r
nel ting point an TN pol nt OP various |1 era
or gani ¢ di eloet origenic |dqa]ecdr1d]]1@u1w1ﬂﬂ Batal a:nweollefct@lem|cngd1tlem1eihat1malesuahghta

hi gher boiling t eratuyre is eous to prevent 25

fr Sost ng 1 n a0 HOERRS Asne GBS HERE CLiberstn-ar AU G sanse 8T e POERer gy i n
hot condi ti ‘a@@meh'}n%ﬁnﬁ?oﬁm&%hlﬁﬁléta%glek r@hdﬂoﬂﬁ'&u&%ﬁﬁto@m B8 @I QEgRI C
dielectric liquid 110 but rather can be an el'ectrically nonconductive and

opticall§ tdmhépécha@thecph@tce@ltanccgelé 406tz depiln leyelva am mghenﬁ@ethedoaﬁunfac@r ease

depi ot 5t o Of legrieiis G 186 Bl Trinide PR s e rghiedtiefadnt o

the phot ovolAlgd for €8¢ andd§ an lifkettb® shutict $14 Blbbmhexmggheto ahbelde Rl JThe out put
power is neasured froma solar cell as a function of the angl e of

i nci dence apetrhdisththatiis refpeted throuehghe pide adre thephoteyoltaiseccl d Prandd nointoe
d/ 5
Syst em 104, St uoksmBid ot PR aiTh0H MARGH I ol gt R GigRR Ty

or in onganitge diffetepcé bet@vebm ¢hé tlockt-illdatnatiad &scair{reswdld the eonteb] iciorBOD T
natural sunlight wth a clear sky. At _a pl uralltdyqiof angles of the sun, a

p0|h nt f)n a dvfrusesl by weliedha Phajovolisin sellowith preanic digtegtrie Hemﬁh}ﬂm Fpeathngl es,
et hanol 1s %ﬁ%lef’ﬁf ﬂ{lggr?tﬂer&% ﬁ{nc}% cﬁﬁ?xteﬁé%‘t?e‘?\?v% ‘ill'lﬁthﬁgf%hq #8u D802 and the

phot ovol t ai 0 a ef)t eve e top surface of
t he phot ovolblavked-déirhindGén teainchree @B resultriran dlﬂfdrem:esnat Bldntiesgionbyrsusligid2 i s

acquired. Also for each an I nserted shutter 114 bl ocks the sunlight
to the si dergﬁqqted&iarqqg@th%ga?wagl EFP%I}?&? disB refracted through the side wall

to the photovoltaic cell 106, and a point on a blocked-illunnation test
curve 6@8 is aCQ%ﬂ%illué’&atﬁHtes@rtHé ﬁ&s@fcebh@thhﬁlﬂ'a@ﬁﬁﬁ thé tovolid &8l 106
di fference between the bl ocked-illum nation test curve 603 and t he control

curve 601 iresuliaisaningyeaggef appg)mmatebhiﬁ%mtheauaw @pwev\ﬁluringcdfagbi@htcas is -
dielectric | t l-i.ah
e ectric Sh% gx Jf)%(ﬁ:keg ?l;lun?matl?ré 89&021?\( O(];'O3 rﬁorbegﬁﬁ 0 toﬁg% IECrGEJ%qn output

di f ference um na curve

bl ocked-i | | poiwepicsalts ﬁemtsuﬁugmee@&&dmﬁdﬂ h$hd mmvdnfofﬁre&nﬁe@ thdphotovoltaic
i1lum nation b)i sunli refracted through the side wall of the petri
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20  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

25  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
30 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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exanpl e, a 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 embodiment of this invention, a solid dielectric film is deposited
20  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 low energy conversion efficiency in the solar cell is mainly attributed to the
loss of photo-exited electrons and holes through the recombination procedure during their
traveling across the p-n junction. Resultant current from a solar cell to a load under

25  illumination is well described by

I=TIg ~I,[exp(-BV)-1],

(1)

where B = e/kT, e is the electric charge of an electron, k is Boltzman constant and T is the

30  absolute temperature in a solar cell. The first term in equation (1), Isc, is the short circuit
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fl ow of photo-exited electrons fromthe p region to the n region and of
phot o-exited holes fromthe n region to the p region. These fl ows of

el ectrons and hol esNpdiieg, jdvg Ry émog,d)&i,as vol tage, V, across the
junction itself, which appears in the second termof equation (1).

However, not all of photo-exited electrons and holes can 5 contribute to

| se. Sone of the (gfiaidng) y)phot o-exited el ectrons Npho, and hol es, Ppho,
are reconbined through the reconbination procedure, and only the surviving
el ectrons, Nsur (@nd holes PS'r, can conplete their travel to the termnals
of the solar cell. Being analogous to the concept of the electric current

Lgshrgvﬁgrd%e.}@%d r%{de rgli,oﬁla:re hlsecre%gﬂlbpn%tiog Gk brb %(rjobt%ﬂijt}(f) ofS eclec:troll\llg S holes,
15  respectively. The second term of equation (1) is the p-n junction diode current that is
induced as a result of Isc. From equations (1) and (2), a larger current I of the left term in
equation (1) is achieved by minimizing ge and g in the equation (2). This improves the
conversion efficiency of the solar cell. In the described embodiments, the presence of
dielectric liquid around solar cells causes a significant increase in the short circuit current
20  or the output power of the solar cells. This fact is strong evidence that there is an
interaction between the solar cell and the dielectric liquid. Under illumination, as
described above, a self bias voltage is induced in the foreword bias direction across the
junction and an electric field flux orients from the p region to the n region perpendicular
to the surface of the solar cell. On the other hand, dielectric liquid is comprised of
25  molecules, which are mobile electric dipoles. These dipoles easily align along the
electric field direction in such a way that negative poles of dipoles attach to the surface of
the n-type side and the positive poles of the dipoles attach to the surface of the p-type side
of the solar cell as shown in FIGURE 9.

The recombination centers in the n-type region have a positive charge and those in

30  the p-type region have a negative charge. In such a circumstance, Coulomb interaction

takes place between the negative (positive) poles of dipoles and the positively



= Npho (1 - gel) evel +Ppho (1 ° ghot) evhol (ge, and ghot<l), (2) where
gej and ghol are the reconbination rate or probability of electrons and

hol es, 1Hg@aweabi vely. The second term of equation (1) imgTt®207536
junction diode current that is inducedsas a result of Ise. From equations

(1) and (2) . r ey, F| t t rAN,| t] |

achi eved by (Irlﬁagﬁjfl%élgf%hgﬁ %%rgan laﬁg%n %ﬁte%ﬁél t%%ﬁa@égpe(‘%g&ﬂﬁ?‘% Si(orr%rclce);ﬁ/f-f}rsldt he
conver si on ghéndheeqe froofes) feeombiration ebhterslin thewolaesitr Thedneizbadilamantvell t he
presence of _dielectrjc liquid around solar_ cells causes a si.gnificant .
Pnorease | n et Heg Whigh IS s dowriBrd fiRyega sthchyssts ig in EECaSE ity
cells. This @&&?'t | wlen t i A tenks gction between

t he sol ar cg?l a%%towgggifbgflgé(gg?c%?%éﬁ(fé% gglrﬂll lﬁ}ﬁnhlg%lﬁ%n, as descri bed
above, a self bias voltage is induced in the foreword bias direction across
the jungtion andefiriogegainicFIGHRE 5] axvedileitiusirdiesanesieopwebing oeart o t he n
regi on perpendi cul

i o1 oot 11 ¢ ohdiied (4 of g (IATOn A5 Rl ihd Thad o ' ehbiedl AR Pl

di pol es. Thegeedspof QFvESSI foythal JfEiral 3D0dndibSes Blaidut &n 11%liflcrdiseqs teon i n
such a way that negative poles of dipoles attach to the surface of the

n-type si de sherécit¢rat guesnt fansbeitainedby weting therass surfaca of thegolan sely withatws of
the p-type si of . c i i i on
contors’ T ChiperishFodfugts, oShno 8, EREURE1OA S oo RESERERE0R,
p-type negi embbaneend foradatésign chas@Ringl tibls 1002,ah€ ddstdnaftthnSetar delltheutiing

I nteraction _takes place between the negative (tposi tive) poles of dipoles
and the posit#hlgeanbagssigned o erpomprner Bty ensprss that thergagaiargell §9rfagsds ged
reconbi nat i L the n-(p-) type region of the solar cell and
guenches (o%ﬁ?‘?gggogé?w%ﬂgconbi nation centers in the solar cell. This nodel
explains well the wetting effect which is a principle described above and
whi ch resul ts i n IGURES d84anidrl 0Bt dre ilbustrptien piothe sidp and tapedeyrespestively, afel |
for a given |ight intensity input. Referrin ain to Fl GU cyrye 501
11 ust rat os SaloF B PRGpoyang S erLLR0 Enined B 3eb modping s 10020 fotis ¢ b
di el ectn5c lehfelmnekd P cagsiiatil Sy ad00 B udek laQrah%iakéht liaf1oble teHC10Us6, S8 Ve
501 to that of curve 500 indicates that about an 11 %increase in the

short ci r cuittensparené side seahls 400SbERcapsdatign sistann KG0Q ¢nslasenan amyf efselastelihe
sol ar cell %H)" mofug{ed or placed on mounting table 1002, which defines a set of holes 1012.

Holes 1012 are located on mounting table 1002 to provide a space 1018 proximate to the
rear surface 1014 of solar cell 1010. Space 1018 allows a dielectric liquid 1016 to pool
20  proximate to rear surface 1014 such that the entire rear surface can be made wet. In one

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

25  improvements of the embodiments described are possible. For example, those of ordinary
skill in the art will readily implement the steps necessary to provide the structures 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 achieve the desired
structure as well as modifications which are within the scope of the invention. Variations

30 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.



exanpl e, trichloroethylene. Al though, FIGJRES 10A and | OB provi de one
exenpl ary 10 enbodi nent for the design of nounting table 1002, the design

of the solw ogBdikigounti ng table can be designed in any mpangkoMrbsh
ensures that the rear solar cell surfage is allowed to be wet. FI GURES 10A

and | OB are ill I ' . V] o] R ivel ol ar
panel encapsulatﬁ%gﬁg%%?@%ﬁ%%%%&P%%ﬁﬁﬁﬁﬁga%8?%zgﬁ&%eﬁlﬁﬁggﬁ%yﬁg%?g {gm%502.
In this 15 tasbeed”ment, encapsul ati ng system 1000 i ncl udes a transparent
lid 1004, a tray 1006, and transparent side walls 1008. Encapsul ation
system 1000 encl oses an array of solar cells 1010 nmounted or pl aced on
nmounti ng table 1002, which defines a set of holes 1012. Holes 1012 are

| ocated on nounting table 1002 to provide a space 1018 proximte to the
rear surface 1014 of solar cell 1010. Space 1018 allows a dielectric liquid
1016 to pool 20 proximate to rear surface 1014 such that the entire rear
surface can be nmade wet. In one exanple, space 1018 provides no | ess than
a 1l mmgap. Wile the invention has been described with reference to
various enbodi nents, it wll be understood that these enbodi nents are
illustrative and that the scope of the inventionis not limted to them
Many vari ations, nodifications, additions and 25 inprovenents of the

enbodi ments descri bed are possible. For exanple, those of ordinary skil
inthe art will readily inplenent the steps necessary to provide the
structures and nethods disclosed herein, and will understand that the
process paraneters, materials, and dinensions are given by way of exanple
only and can be varied to achieve the desired structure as well as
nodi fi cations which are within the scope of the invention. Variations 30
and nodifications of the enbodi ments disclosed herein nmay be made based on
the description set forth herein, wthout departing fromthe scope and
spirit of the invention as set forth in the followi ng clainm. W 03/001610
PCT/ US02/ 17256 15 In the clains, unless otherwi se indicated the article
"a" is torefer to "one or nore than one". WO 03/001610 PCT/ US02/17256 16
VWHAT |S CLAIMED | S:



1. A solar energy converter conprising: a dielectric liquid; one or nore
solar cells in contact with the dielectric liquid; and 5 a panel contai ner

encl osi ngwidwdi@bectric liquid and one or nore sol ar cel lgggT/tdee173anel
contai ner having a substantially fl atidase on which said solar cells are

supported Sgﬁf@;fswﬂf_ﬁﬂﬁom and back surface of each solar cell to
contact sai rgurd, the container having a transparent |lid and
transparent side walls coupled to the base to allow sunlight into the panel
10 container which is converted to electric energy. 2. A solar energy
converter accordijng tq £hal 4i.5ing: one or nore n/p
junction solar cél | s; anc] aéﬂgfgg{dgé%ér}%cﬁlﬁigﬂlglggt hat i ncreases output current
fromthe n/p junatdidectsoliguidcel | s by wetting the solar cells and enhances
collection of the light throu 15 refraction and inner . reflection of the
light in the di eIOEEPgPé’_rq ?O&ﬁicgﬁs 1@°nﬁ‘c§8ft_grthee‘il1‘gﬁﬁ_ cglﬂ’ﬂﬂelafl r according to
Gaiml further GEREIShidher Bnd188fe (HeUNISHAE lighid\bnA9nd oPAREs soMi cells, 3Wppor t s
said one or nore solar cells with a space or a reserve under the sol ar
cells to allow sai d dipeheconiamet hajingla substeatially Aet trse kn sdridhoeid soflareglih of

said one or nore solar_cells. 20 4. sol ne converter accordi to
Claim1 further conpr i ﬁ'@?oﬁe‘ﬁ%?naéltoégﬂ‘?&% . ‘ig%(%uéaf? gﬁ?ﬁgls% f"?lﬂg to
introduce sunlight i nteniabisaiddiSlkctric PRER], BHe ®ataihdt BRViAL AQFansiler 3di A8
transparent lateral walls formng a lens that focuses sunlight through the

dielectric liquid to treaspsmentsidenvalls caeled to the bpse to2How suplighdlintp thaieangl
convert according t i ' rein; e | has a base and cover
area thgp i s substant ?81%5‘%‘6 gr%‘hgcgrlgf%ﬂa‘}r%ﬁ?%fba?lgagér%%l%gg area covered by the
one or nore solar cells to enlarge the area of the side walls. WO

O 001810 PO USQ2! 1720 ot chefly don¥ oo o EFMET hifer BS5REMLY L0

one or more n/p junction solar cells; and

a dielectric liquid that increases output current from the n/p junction solar cells by
wetting the solar cells and enhances collection of the light through

15 refraction and inner reflection of the light in the dielectric liquid.

3. A solar energy converter according to Claim 1 further comprising:
a panel container having a base, which supports said one or more solar cells with a
space or a reserve under the solar cells to allow said dielectric liquid to wet

the back surface of each of said one or more solar cells.

20 4, A solar energy converter according to Claim 1 further comprising:

a panel container having a transparent lid to introduce sunlight into the inner
space of said container and having transparent lateral walls forming a lens
that focuses sunlight through the dielectric liquid to the one or more solar
cells.

25

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

the container has a base and cover area that is substantially larger than total
surface area covered by the one or more solar cells to enlarge the area of

the side walls.



a container in the configuration of a |ow height cylindrical structure with
a substantially flat panel tray covering a first end of the cylinder and a
panel coweyoz@oidibd covering a second end of the cylinder,paayldondesse havi ng
a cross 5 sectional geonmetry selectedifromanong a circle, an ellipse, an
oval, an egg-shape, a rectangle, a triangle, a square and being sel ected
fromanong a symetric shape and an asymmetric _shape. 7. A solar energy
converter accordfng t & ©laiereEyfognydrtar apeding §9 kdpimal Girbeeeamprsing: qui d t hat
is selected from [ ' trd o3l | atively
high refractive fl% et;%gleg{ngtﬁggg?fiiéﬁégoglréfyaqglgn}%w EY%‘%%?%{%%“% ng%I Etjai m 1
further conprising: asulsstginilg fldi pineCiriy covietifghdirsehdof @t dyliaderanmdngpaaell e

or | ess hazardous- |iquids _such as propyl ene ycaol and th rgille

i nmersion |iquid code a4®er idgoverings %é%@%@%ﬁﬂ%@ﬁ%@%ﬁ% %L ai m

L furthes comprising: sdetiofaltieBhielsbiéctl fdhflaiBl £ bEdle NASAH RNard Sa1HR L1 NG
Y i quids Tor

poi nt and the boiling polnt rnous sol ar energy systens
accordi ng to seasonal eggahdpers a savthngty, b hridnglo b sgeagend béing Aclsdbdfromrnmanang

converter conprising: a liqui g}a 20 one or nore solar cells distributed in
contact with the |iquPdy P $are and apatyPayCsa#Ce provi ding a space
under the solar cell in which said liquid can collect to contact a back

surface of one or nore of said solar cellaii;n ang: an encapsul ating system
encl osing the |iduid aniPlEtfacrgyLopyertRspecarding o Liamsl ButhereomRIEFIR,  he

sol ar cel [ mount E’&geléﬁﬂl?é Ruitl Mat GOGARTY ﬁé&%ﬁﬁ%}%‘rﬂé@n@‘éie@icl uRHBekRat i al Iy

fl at base, the encapsulatrng system having transp ateral panel walls
coupl edl®o the flat badletitedy highnefradtsnsndeltat f ocuses sunlight through the
liquid to the one or nore solar cells, the walls enhancing collection of
| ight through the walls and through the liquid and 30 optically
concentrating thé. sunlA giiir énergylenoarecraccording ts Qlldm L airther coMiprix3n01610
PCT/ US02/ 17256 18 . T L

an organic dielectric liquid selected from among safe or less hazardous liquids

such as propylene glycol and the Cargille immersion liquid code 1160.

9. A solar energy converter according to Claim 1 further comprising:
15 a dielectric liquid selected based on the melting point and the boiling point of
various liquids for solar energy systems according to seasonal weather and

climate of usage.

10. A solar energy converter comprising:

a liquid;

20 one or more solar cells distributed in contact with the liquid;

a solar cell mounting table providing a space under the solar cell in which said
liquid can collect to contact a back surface of one or more of said solar
cells; and

an encapsulating system enclosing the liquid and the one or more solar cells

25 mounted on the solar cell mounting table, the encapsulating system having
a substantially flat base, the encapsulating system having transparent
lateral panel walls coupled to the flat base to form a lens that focuses
sunlight through the liquid to the one or more solar cells, the walls
enhancing collection of light through the walls and through the liquid and

30 optically concentrating the sunlight to the one or more solar cells.



11. A sol ar energy converter according to Claim 10 further conprising: an
encapsul ati on system having a transparent cover that collects sol ar

i 11um nat \w@o3/dolyieugh the liquid. 12. A sol ar energy conveidignsedqestgdi ng to
Claim 10 further conprising: 5 an encgpsul ati on system havi ng transparent

| ateral walls formng a lens to wdely collect the sunlight beans to the
one or nore solar cells through the liquid to be converted to electric
energy. 13. A solldr edesqjyr ensrsretonsertgacentdinggo Cdaim K farther gammprisene:

conprising: an en ul at . . [.SI I ng, cov
partially constr3§%§%qmﬁ%hg¢8ﬁ¥%ég%%%%?@%bﬁéggggg%?%%ﬁﬁgg?%%ﬁ%ﬁi&ﬂhggﬁé?
energy converter accofdongh tte liguad.m 10 wherein: the encapsul ati on system
has a base and cover area that 1s substantially larger than total surface

area covered by the one or nore solar cells. 15. A solar energy converter

according to O aiim 10 A vélhh@ier SO0mK bidérigeordmead IMEANG filrbi @inmiksdgm i n the
configuration of a | ow height cylindrical structure wth a substantially

flat pandl tray ebweeansylation pystam bavingtranspereaylatealerallsfaraingpaers togadely or
lid covering a second c%ﬂgct?l{xe gl.{l]ﬁéﬁt?ﬂéa&q(% theSofle 0P Bre DS &ﬂsﬁrro%%h the lirglluid
cross-sectional geonetry selecte rom anong. a circlre, an elT] e, an oval,

an egg-shape, a rectangbecomverted enefeétricanagyar e and bei ng sel ected from 20
anong a symetric shape and an asynmetric shape. 16. A sol ar energy
converter according to Caim210, wherein said liquid conprises a highly

refractive dieleqBric A kélui sheydyi sohveddt JBdrdingitd Gliigh 10 fgitheflch@istnd:n t he
range fromthe | owest through the highest tenperature 25" climates on

earth. 17. A sol & caeapsu\itien pysiant spmadeiag HiaHy apdeaienpiteash paskialy eppstigicd
dielectgfpc liquidis saf e or non hazardous materi al s,
hb gffo% ﬁﬁﬁ%‘%@@%ﬁ@i&tﬁ.

including propylene yco e’ s imersion liquid #1160. WO
03/001610 PCT/US02/ 17256 19 18. A solar energy converter conprising; a

I quid; 14. A solar energy converter according to Claim 10 wherein:
the encapsulation system has a base and cover area that is substantially larger than

total surface area covered by the one or more solar cells.

15. A solar energy converter according to Claim 10 further comprising:
15 an encapsulation system in the configuration of a low height 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, cylinder 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

20 among a symmetric shape and an asymmetric shape.

16. A solar energy converter according to Claim 10, wherein said liquid
comprises a highly refractive dielectric liquid which can maintain the
liquid state in the range from the lowest through the highest temperature

25 climates on earth.

17. A solar energy converter according to Claim 10, wherein said dielectric
liquid is selected from among safe or non hazardous materials, including

propylene glycol and Cargille’s immersion liquid #1160.



one or nmore solar cells distributed in contact with the liquid; a solar
cell nounting table providing a space under the one or nore solar cells in
5 whi ch awEsanvaoof the liquid can be maintai ned to cont agi/@sobacisesur f ace
of each of said one or nore solar celks; and an encapsul ati ng system
enclosing the |iggid, Ahg -craﬂvé‘rget?lc% atd.t he one or nore solar cells,
t he encapsul ati ng system havi a substanti al ?’y flat base and having a
transparent coveelignid;id that transmts direct and scattered 10 rays of

sunlight into the inner space of .the encapsul ati.ng.system said
encapsul ating syStef RaA %’Z"WP@%@B‘E‘%&@IMW%C é’@ﬂbﬁhﬁ qP’él_;the base to form
wi ndows that i ntpQEEEelfioBRfinAABle PENiEBE A padYimdef ths WAk bftord 14 del1€in

system 15 19. A solar energy convérter according to claim18 wherein; said
encapsul ating syst em mdecha tsagwe ahthediguast caarbsanaihtained $o pergactladhagke sefasegh t o
cover the total area ogcucﬁi gd hy a sol ar gell array consi sting of one or
more solar cells. 20 955R ospidiong SEPIREE SRS daccording to C ai m 18
further conprisi gfencapahltiSNGRAREV IR thY Fy6id hRSncuntiay tdheé ARl (KSR @r
cylindrical structure wth a substantially flat tray tightly covering a
first end of the ' cyl imudesolaierlls, themetapsdeiens wistem pvingyhsubgtanteldy flaigase
second end of the cybipdgfiyg L ignGUtd RIS BNk Mk Bt ORSafGP b PR dgomet Iy
sel ected from 25 anong a Ci Pef & AN B i pse, an oval, an egg shape, a
rectangl@, a triangl eraynd shilighgirietiedhed shiofah®agapsutatingslstes, sid
anti-symetric shape. 21. A solar energy converter_according to Claim 18
further conprising: aema@é‘iﬂatl%mbenahwwtr@spéqemawelilwume@t@ﬁierbaée fq fpung
havi ng a | ow enough 1 ! i il Lnt so
that the liquid can ﬁlﬁdtl%nth?ﬁgﬁgg%%g?ggﬁ@&EF%%?@%QP %%wl;hh}éﬂgkogtﬁ%e of
seasonal weather and ejsterat e of usage. 22. A sol ar energy converter
according to Claim18 wherein: aliquid is selected fromanong | ess
hazardous or safe organic dielectric liquids 35 such as propyl ene glycol

ggd thejLargil | e10MEdotirRelgydBhbriRd6otdifd 1o YRP 36 QALRLY PCT/ US02/ 17256

said encapsulating system has a base and cover area that is just large enough to
cover the total area occupied by a solar cell array consisting of one or

more solar cells.

20 20. A solar energy converter according to Claim 18 further comprising;
said encapsulation system has a low height dome or cylindrical
structure with a substantially flat tray ti ghtiy covering a first end of the
cylinder and a panel cover or lid tightly covering a second end of the
cylinder, the cylinder having a cross-sectional geometry selected from
25 among a circle, an ellipse, an oval, an egg shape, a rectangle, a triangle

and being selected from among a symmetric or anti-symmetric shape.

21. A solar energy converter according to Claim 18 further comprising:
a liquid being a highly refractive dielectric liquid having a low enough melting
30 point and a high enough boiling point so that the liquid can maintain the

stable liquid state for the change of seasonal weather and climate of usage.

22. A solar energy converter according to Claim 18 wherein:
a liquid is selected from among less hazardous or safe organic dielectric liquids

35 such as propylene glycol and the Cargille immersion liquid code 1160.



23. A solar energy converter conprising: a dielectric liquid; an array of
solar cells distributed in contact with said dielectric liquid; and a solar

cel | nmountig@dosdabe wWhi ch supports an array of the sol ar agligsobarak!l ow
both 5 the front and back surfaces ofothe solar cells to contact the

dielectric |1i qu;2 goq&aepg}gyactohg&%xgﬁlﬁﬁhﬁgcl osing the dielectric liquid
i soI ar cel

and said array o nount on-saird nounting table, the
encapsul ati ng syatdistedudy liggida fl at  base supporting said nmounting table and

having a transparent do I|dt at. 10 fornms a | ens ation with the
said dielectric F‘Pdﬂ?ﬂo spderesils g’c“’irg’utqdllﬁl‘antPFto‘?ﬁﬂéF?lRQ}‘?g?c&cE jdfindect s said

light to said ar E%Mlapéelﬁﬁ‘l'oﬁﬁtlrﬁﬁaiﬂ% whlgl‘flsu ﬁ@!aﬁﬁrr@ﬁ@f 8% s@l‘ﬁf‘(‘!ﬁfsttgﬁll&ﬁ%gﬂ*p' ng
to Claim23, wherein said d tric d conprises a highly refractive

liquid afd is sel ect ethe franhandback slafaees cniEthc)solalmellh&zmwsherrheleﬁnal s,
i ncl udi ng propyl ene glli\q/ﬁl%l; and Cargille's imrersion liquid #1160
an encapsulation system enclosing the dielectric liquid and said array of solar cells
mounted on said mounting table, the encapsulating system having a flat
base supporting said mounting table and having a transparent dome lid that
10 forms a lens by combination with the said dielectric liquid and collects

light from all angles and directs said light to said array of solar cells.

24. A solar energy converter according to Claim 23, wherein said dielectric
liquid comprises a highly refractive liquid and is selected from among safe
15 or non hazardous materials, including propylene glycol and Cargille’s

immersion liquid #1160



