29 July 2005 1 SOLAR ENERGY CONVERTER USI NG A SOLAR CELL IN A SHALLOW

LI QUI D LAYER BACKGROUND OF THE | NVENTI ON Sol ar energy sy3?dw¥ 2R8%e been
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generation. A further need is a so I gura
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| Di el ect rixg; bifitndy. ehfedi¥didehi®nal 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 ceil configuration that
permits collection of concentrated sunlight energy for conversion to electricity to increase
oufput 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 outpﬁt current from the solar
<cells from simply wetting the solar cells, and enhanced collecﬁon of light through
refraction and inner reﬂeéﬁon of light in the liquid. Dielectric liquids are found to
increase energy conversion efficiency of 1/p junction solar cells and also function asa
medmm for optical concentration. The propertles of dielectric liquid permit the

-, constructlon of a solar cell panel with a suitable geometry for fanctioning as an optical
-~ concentrator. - , _ - ¢

| An ozgenic dielectric liquid immersing one or more junction photovoltaic cells -~
‘increases the energy conversion efficiency of the photovoltaic cells. The organic




I ncrease energy conversion efficiency of n/p junction solar ceIIs and al so
function as a nediumfor optical concentration. The prop@rtly

dielectric liquid permt the construction of a solar cell panel mnth a
sui tabl e geonetry for functioning as an optical concentrator. An organic
dielectric liquid imersing one or nore junction photovoltaic cells

I ncreases the energy conversion efficiency of the photovoltaic cells. The
organic 29 July 2005 2 dielectric |iQuid also is a highly suitable nmedium
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the i ”V?ﬁk;ﬂﬁéﬂickﬂ%ﬂkﬁw&%}ﬂﬁ&f&r@gﬁkﬁr. energy converter conprising: a
avi ng a two-dine

~ thin panel "enclosure Sional flat base, short side walls,
and a transparent |lid separated fromthe flat base by the short side

wal I's, the shoet e LS cl ng ap ingeri.or _ca Vi n depth
substantially sna cejfra t han e eorfqg# "?ng?%n&]erﬁllﬁﬁ%“%#ag SB% gﬁgﬁenm ons;
one or RBFErELgOMPriSME! s contained within the thi n panel encl osure and
~having a fropf éﬂ’i @fkdhal?rﬂ-% c h|n the
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front syrface and back surface o e one or-nore cording
to a set'BHwasiaal bese dgpensios:i nvention, there is provi ded a solar ener gy

converter CQMBlor%hdi8 solar cells 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 bathmg 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 panél 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
C | back surface of said one or more solar cells are in contact with the liquid; and -




a thin panel container enclosing an interior cavity; one or nore solar
cells disposed within the thin panel container and havirmf%ﬂ**éﬂﬂS surface
and back surface that are separated frominterior walls of the thin panel
container; and a thin layer of liquid contained within the thin panel
contai ner and bathing the one or nore solar cells, wetting both the front
surface and back surface of the one or qnore solar cells and covering the
front surface of the gne or nore solar cells by a liquid depth of 15mm or
| ess. Accor di fgEncapsylahipn systess predosings the fiquidrandrih¢ one on mereesalar collgvtheled a
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solar cells, the walls enhancing collection of light through the walls and
t hrough the L qui nd . optical concentrating sol ar energy to the one or
more sol ar cé\cﬁésydg\ﬁ 8‘?‘R°‘ﬁ'ﬁ8“ Péfﬁ? JveERtn, the epgrey cpmsrsiansifigieacy# & he one or
nor e sobdar ehlor phdtyvoltaitroed is ihG@edsed by AeRE iR sufa@EBOfk BN LHLGf t he
I nventi ﬁl?e %}h Sher gy conversion efficiency of a solar cell or
phot ovo !flc c@’@f"‘} “is increased by wetting of the surfaces of the cell with
a dielectric liquid.
According to embodiments of the invention, a solar panel configured as an

encapsulation system containing photovoltaic cells and organic dielectric 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. llumination 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 collectozs 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 4 first end of the cylinder and a panel cover or lid
covgﬁng a second end of the cylinder. All or a porﬁon of the panel walls and the panel
lid are transparent for functionality as a light collector. The horizonta! 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.




According to enbodi nents of the invention, a solar panel ,ggonfi ed as an
encapsul ati on system cont ai ni ng photovoltaic cells and o?%gHWé%g electric
liquid increases the output power of a solar cell or photovoltaic cell.
The sol ar panel has a suitable geonetry for refracting illum nation

t hrough the organic dielectric liquid to further increase the output
power. For exanple, panel walls have s3g table transparency for operation
as a. light beamcollector. Illum nation collected through the |ight beam
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as a circle el lipse, an oval, an egg- shape, a rectangle, a triangle,
and a square. The horizontal cross-section of the cylinder can be
symetric or, as tric. .29 July 2005 3a Any organic dielectric |iquid,
whet her pola$aﬂﬁﬂagﬁﬁﬁl ,em@°§é¢@ﬁ§ﬂ€ﬂﬂ@@mﬂbagémﬁﬁﬁénowﬁmép“@aﬁﬁmlC}eater
ener gy L5y 85IbbrPhoRdilifd RN CBorh SF LU quﬂEﬁcﬁw%h%or 5 g@il)f/ed' electric

l'iquid with_lncreasln_g] efficiency for Ids wWith a | y higher
i ndex dferesianigiselifl diclgeidc Hlmy e dipalessiferdtichi are polauied pemendienldrio theer sel ect ed

based QirhdSIae! bt AsdbR el 0P the slifaces of the solar cell.

-BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention rélating 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 diag;am 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 coﬁditions.

B FIGURE 4 is a graph that il_lustrates a photovoltaic response plot including
current-voltage (I-V) characteristics for a commercial silicon (Si) solar cell operated
~ under natural illumhination under an air mass value AM 1.5 on natural solar radiation of a
clear sky. ' '




boiling point of various liquids for solar energy systeng c]c%roﬂhng to
seasonal weather and clinmate of practical usage. For ex ?rgf'g, e liquid
can be sel ected based on values of the | owest and hi ghest tenperature of
t he geographical area in which-the solar energy systemis used. According
to enbodi ments of the present invention, an increase in output power from
a solar cell or photovoltaic cell, bﬁéh of which use p-n junctions, can be
obtai ned by deposition of a solid dFelectric film the dipoles of which
are polarized perpendicular to the surface planes of the solar cell over
t he surfacesFég 5@ graphoaeflaj phoBRplEic OGR! 151 shdiwitg clitentRRAMNGS

Enbodi mgovs ﬁgm&%ﬁﬁj:gﬁ ' r td tQ.both structure .and .met hod of

oper at i on, .cm.a est E%%n@ergﬁg%gkl@nr(g?gpﬁﬁﬁﬁtw 181 Y258 h CP%’S of
descr i pPigshicdmiectiidisahnyi ng drawings. FIGURE 1 is a schematic bl ock

di agram show ng an exanple of a solar panel in a configuration for

i nprovi ng en Lon.efficiepcy.. FIGURE .2 is a schepatic pictorial
di agram t hatﬁﬂ i ust(?}aét?éé%%ﬂlgig%‘itseﬂ'ﬁ%elﬁuor‘gq"&og\%'ﬁ’?weéé‘? H‘%@H&‘F of &ight

sui t abl cident onghagphdtovditaie cslhl ar panel FIGURE 3 is a graph showing two
phot ovol tai c response plots with current- voltage (1-V) characteristics for
two different commercial silicon (Si) solar cells operated under natural-
~ill'um nation 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 illumnation under an air mass value AM 1.5 on natural solar
radiation of a clear sky. 29 July 2005 3b FIGURE 5 is a graph of a

phot ovol tai ¢ response plot show ng current-voltage




(I-V) characteristics for a commercial silicon (Si) sol I 'ﬂmarsed I n
vari-ous depths of organic dielectric liquid. FIGURE 6 i ggﬁ%’#% t hat
depicts the relationship of output power to the angle of light incident on

t he photovol t aj | 7.29 J 2005 4 FIGQURE. 7 is a graph that
illustrates th o’ UF2 HER #L‘?ﬁﬁg‘ﬁ‘? e the ey ofrardmparoutpY PoRepreseived| t ai ¢
cel | i mefs@c ghdtdvoltaidicell Yingledselin 6rphhid Wideddc RqhidSh! FRicidiaPt 11 ght
- angle. FI GUREpSa and 8b depict the Structure (1‘:%? ’ngaifﬁ%hﬁgﬁggp%;&g{‘e” in

accor dancéghfingle. t hi s i nvention; and FIGURES 9A and 9B illustrate a side
and top view, respectively, of an enbodinent of a solar cell panel

encapsul ati ng URE 84 | BQ.. ol.ar I untin t,abl e, TAI LED
DESCRI PTI ON Relfngrl ngs{%ldﬁﬂcfﬁé&fﬁe Aé‘q“s’%‘r%eglrr?ﬁtt‘fr‘r‘ﬁn% |a§8%‘ ﬁ?‘g’d‘ra&ﬁ‘?f P an
exanpl e dhisdnwmkien; panel 100 in a suitable configuration for inproving
energy conversion efficiency. The solar panel 100 includes a panel base or
tray 102 that forns a | ower surface wall of the solar panel 100, and panel
wal l's 104 on all sides of the solar panel 100 The sol ar panel 100 can "have
any shapeandl n one set of highly suitable exanples, the solar panel 100 has
the formof 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 cylinddHGURES oA andofPR  illnstete a side aphiop| viewy tespetdvelprd anhe panel |id

112 are tehModnne ional i as . a. |i col lector. The

hor i zont al cross?gg%%(?glﬁé o% &!%gleéﬂggf%agggs%%%nﬁ%@éd’ﬁﬁﬁg%?eilltﬂ’%"%pe such
as a cirdé¢dbde. an ellipse, an oval, an egg-shape, a rectangle, a triangle,
and a square.

DETAILED DESCRIPTION

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. ‘fhe
solar panel 190 includes a panel base or tray 102 that forms a lower surfice wall of the
_solar paneI 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 cyliﬁder. All or a portion of
the panel walls 104 and the panel lid 112 are transparent to pn‘omote functionality as a
light collector. The horizontal cross-section of the cylinder can have any suitable shape
such as a circle, an él]iiase, an oval, an egg-shape, a rectangle, a triangle, and a square.

The cross-section of the cylinder can be symmetric or asymmetric. Generaﬂy a solar
‘panel 100 wzth 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.dieléctﬁc
-liquid 110 in the panel tray 102 and the liquid increases the energyconvemi-on' 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 pQWer of the solar cell. -
.~ The panel walis 104 ¢an be geometrically configured fo opeiate as a lens con(taining the
. refractive liquid, forming an ?ptical system that amplifies fhe.powerﬁnhancihg-eﬁ’ect of




The cross-section of the cylinder can be symretric or as%gma{ rﬁ.@ﬁ General ly
a solar panel 100 with a sinple shape is generally nopst JLy Pectrve.
The panel walls 104 inprove output podwer efficiency of the solar panel 100
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Second, the panel walls 104 can be transparent to function as a |light
col lector that daonéethnisielithe @ aﬁémorﬁagrq.@&%ﬂ of t he
sol ar cell The panel wal |'s 104 1ican be geonetri ca y con :agur 0 operate
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sol ar panel ,100 ﬁ!ﬁlr ctan‘gul ar  shape and accordr ngly has _ four panel
wal |'s 104. S‘K;ﬁ'f’lgﬂ“gi &%\]1‘1%1‘ essenfalbyavithout leabsagont geonetric forns incl udi ng
various nunbers of straight srdes curved forns, or conbinations of sides
and curves. TheTha ”lerm ersect
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phot ovoltq:rhotoebbhﬁ:efféﬁtom pRStovBlfafs ¢aBBA0EON Phot ovol taic cell's 106 are
arranged in the panel tray 102 in

| - One or more junction photovoltaic cells 106 are arranged in the panel tray 102 in
‘such a maner 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 connectlon with any of the
panel walls 104, ; :

- Insome 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 7
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 photovoltalc cells 106 can be silicon Junctlon solar cells.

- Other types of photovolta:c 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
. mcreases_ the efficiency ofj Junction photovoltaic cells 106. The organic dielectric hqlnd




such a manner that both front and rear surfaces of the s gﬁr' 5%%5 106 are
wetted with the organic dielectric liquid 110. A solar 8 i typically
has many photovoltaic cells 106. Po%er |eads 108 are connected to the
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phot ovol taic cells 6 can, be arranged in any suita
t he panel F&écf"}l?f?" ﬂ??%@%@%ﬁemmmrmmmmmrﬂm‘mmmy of the
panel wal Iphdteéoltawbeﬂgmgﬂg;%é ulatio t em has a base
or panel tray 102 and cover or %ﬂn%ﬁ ){%cwgﬁ%‘&c?ﬁt&rﬁo%thHy
| arger than total surface area covered by the one or nore photovoltaic

cell's 106 so t hkkepastieulan arganiediclestric liquidiG0 tdnchenalveted Wasddson v@ibus S

|l ected ricity. Ln one exanple the photqvoltaic cells -
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106 can bewetﬁagittmmifamogaidﬁmmuﬁﬁraeﬂﬂwtﬁa@%ﬁa%y&&%mq gPanel
a ally

tray 102 nt.(g:%_ns an organic dielectric liquid parti or fully
i mrer ses tif?%“ o FRmpl; evep Restesy dibe amounidflineree in Futputyyayeeriof tisk el ect ri ¢

l'i qui d 11Gho ff el f i ' ' |.taic,cells 106.
The or ganite i ol Be par o bk sl 8 Rtp ool thpeltar i oty 1y of

The organic ,dihgl ectric

a hi ghly $@peabbenorepblanchiracteniadex eSrefific ! nfePdtherGROSERES. ; Trg&g rganic
di el ectri 3 g“gﬁ‘l’d 110 in co ination_vvithﬁb?ﬁe | unct’i on ﬁlﬁ%\% tal (’:'Ecel S
106 oper at® VT RCEHE fVet When enly asingls swfacoof thp photoveltaic cell T0Gener at or .
The parti badéonies@pegani ¢ dielectric liquid 110 can be sel ected based on
various conditions of usage. The output power of photovoltaic cells 106

i ncreases sinply by wetting the surfaces of the photovoltaic cells 106

with an el ect r ReBring todAGINAE S as&eﬂdﬁqmﬁdoﬁél@iagﬁtﬂﬁmis&aﬁﬂﬁﬂem%%&gfme
ue to

netting dabaRIERAEn poBb R cAEIO et s il Enonsoqu s solisanct 100. The
- photovoltaic cell 106 includes a plurality of semiconductor layers including an n-type
§emimnductor 210 and a p-type semiconductor 212. The semiconductor layers including
n/p junction generate an electric current in response to application of suntight 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, III-V
~compounds including gallium-arsenide (GaAs), Gallium- Indium-Phosphorus (GaInP),
Gallium-Fndfum-Assenide (GalnAs), and others. Tn addition to the semiconductor n/p
layers, the photovoltaic cell 106 includes dtop 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 cozﬁplete 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
o 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 undex:
- natural illumination under cloudy or rainy conditions with an illumination intensity of
- 4400 Lx. AnI-V response curve 312 and an I-V response curve 322 illustrate




phot ovol t afCPEHYE

“addi tion to

as polar or non-polar character, index of refraction, and _ofher properties.
The increase in output power occurs even when only a si REDY ace of the
photovoltaic cell 106 becones wet. Referring to FIGURE 2, a schematic
pi ctorial ghelgvaltaic tespiseéfRonidhtREABYefatioh of 31afédl A 476 Lhd ﬁjk% ai c
cell 106 that is 1sui tabl e for usage irHri\’Ithe sol ar panel E?%%Eb} e h@lgid,

Y4 8% 19 shaklews widepanekiray 102 fIn demexponde; solar célbi&10 has a

i ncl udi ng ke ' a k- L.conductor 212. The
e Gonducr et RiRAn ARTREANE Hoh e o Briey BALB ST BREE BN { on
i n r espons®rmovitippt effetive froof arsaiof apphoxiarly K020 m@P. t he photovol taic cel |

106. Various materials are suitable for usage in the sem conductor |ayers
| 1'i ne silicon, anorphous

i ncl udi ng si ngl rystal silicon,..mylticr

silicon, grrul t?c@y@f‘ﬁ@ﬂ%ﬁ .em%e&#%%%t% d tg thefray. Ay EVarespanse ewwe t hi n

filnms, M -314 adrp@Viespbke!cusy GAdta @@mg% g%é! i ndi um

Phosphor us ([-l[GaI % , @l li lfgﬁe%i“um Arseni de I'n %@%ﬁ@?ﬁéﬁ@é‘n

addit | 3nd sg @bﬁé@@;mp?umlm fa?/eps'aﬁdmﬁ'ttb@phclﬂwﬂlta?i tthe ;105 10|6| g

i'ncl udes id. r er. electrical conta or col l ecting

el ectric current @?’%ﬁhﬁfg&cﬁ,’%‘f’%ﬂﬁ@ pﬁaﬁ%%’h"ﬁﬁ‘ﬁé’f’&f‘fmﬂ& el 310 an

external |apddolarcditiB 820 and inmherbediftglysbhin whidH G @8 aﬁélh%grilﬁ{z%ﬁlévgﬁ -
ell,

p surface of the conplete a transparent

electrical ,cifcyit. On the to
encapsul aﬁ{l&fb@#’%ﬁé@erwgwf@ﬁlﬁ@eﬁﬁfféwmGcﬂuc'ﬂleémpglvamsntdnopt;mst ic seals

phot ovol { & ool e EhuBatlalCe R Th Auch ety i ibfimetl i ABR el Bt ng avay

fromthe fivoilheshordcircuitdurrende ilréman NG fariol2¢oR A Y1) i ayﬁgx%’&el?%%( es
1

the trans nt (Bfnca ful ant 218 to the photovoltaic cell 106. Referring to
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- Under the same illumination condition, performance of the solar cells is
substantially improved by operating the photovoltaic cells 106 parily or fully immersed in
+ organic dielectric liquid 110. Improvements in output power petformance 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
ﬂlumination gnder 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 Jsc 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  Joad.

Referring to FIGURE 5, a photovoltaic response plot shows current-voltage (I-V) |
characteristics for a commercial silicon (Si) solar cell immersed in various dépths of

s




7 photovol taic responses of conventional operation-of sqlar cell A 310 and
solar cell B 320, respectively, set in a shallow, w de gﬂéW?tqoéy 102. In
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(1) Char aerert or e ap o oyt oyee 8 Snlielof B, Eiyestly 300 °0°

oper at ed e Wheaithe solar gelli B 32 ristcovered bytd 6 nam caver thensrssurfabelsf thdlcdll5 on
natural solar radiation of a clear sky. Curve 401 shows the IN

characteri sti csibfifor fREHALH s Al whl HotSPotteid Sl 106 ace v oraa in various
S . organic dielectric liquids 110 such as toluene, isopropyl 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 liqﬁids 110. In other examples,
- ' the optimum flvid depth may vary according to the particular organic dielectric liquid 110
that is selected and configuration of the fray 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 measuréments 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 I Table I illustrates the
maximum increment of short circuit current Isc, (Also/lsc)mas, 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
die._lectric. Isopropyl .alcohol, toluene, and trichloroethylene are polar dielectric.




shows the IN characteristic with the solar cell innerseda$p eth6I al cohol .
The inprovenent of short circuit current Isc and open c W0 %Itage Voc
for the solar cell in liquid is absut 38% and about -10% respectively. The
| mprovenent in output power is approximtely 64% when the solar cell is
connected to a 250 S2 | oad, and approxi mtely 23% when the solar cell is
connected to a 1000 .Q load. Referring to FIGQURE 5, a photovoltaic response
pl ot showgagiggrent-voltage (1-V) characteristics for a comercial silicon
(Si) solar_cell inmersed in various depths of 29 July 2005 8 organic
dielectric |i@Qiguad110 dnder yertijcal T hgum nagi THh 1T0Q00 Eﬁ?@& ma
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has a shpl | oWdleglen t o [pr @dgee a jcurve 49Q1 in] whichgshe fluid ?Qly cdats
t he surfjace of solar cg¢ll B 320 nearest the ppanel tray 102. Qutput pover
efficiency inproves siinply by wdtting the back surface of the photovdltaic
cell 104 t. L C 49 er li nproyed by jfncreasjng the flyid deptih to
- cover t'ekgh%k&%ggﬁ%?% olpgﬁ celfl 1 .fﬁ%hrve SOﬂfgtsult; whe *ﬂhe fljui d
- depth cqvers the photoyoltaic celll 106 so th the fluid |level is 1 fm

- above the top, surface ¢f the phofovoltaic celll 106. In thg illustratiye
exanpl e, the%@ﬁepﬁu[nf ui 4-288pt hiof t1¥47481 or det hyIG2% for| sol af+=del | B 320
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by 10 mm over the top surface of the cell. Curve 505 results when the
solar- cell B 320.is. covered 15 mmqver the top surface of the cell.

Sinilar measureftéh ?@FMPPW%@EI%‘E%%ﬁ fliglegtricdr raated b Bedislesibe sed in
various Ot C T REAAL Satd Bekh $5urk vif5hicharty dpliffFiard SPRICRAD, 21 CONO!
o dielectric overlying the solar cell. 'I’he_sc 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
poinfs on earth, including the Arctic and the tropics. The dielectric material should be

free of chlorine, iodine or bromine because éuch 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 diclectric fluid in covering a
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 réfraction
- is.1.535, the material freezes at —45° centigtade and boils at greater than 370° centigrade.
. Thematerial is safe in that it pdeCGS“CO; if burned and is stable for greater than 10 |
- yearsinsunlight. The material was tested to determine the increase of solar celi output.
" The structure in Which tests were run is shown ini FIGURES 8A and 8B _ FIGURE 8A .
shows a ceramic bowl 81 the walls of which are covered by a white 3M Scotoh™ tapo 85.
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refraction reat than 1.43, a free2| ng point |éss - 40 centlgrade and
a boiling pbfntt %r Comperce R, Geslgr 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
.electﬁcally 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 tiichloroethylene. 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 ﬁeczmg 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.




centigrade. Thus the dielectric material with these characteristics can be
used at nost points on earth, including the Arctic and ?He’”kyrzgﬂﬁcs. The
dielectric material should be free of chlorine, iodine or brom ne because
such materials are not suitable in &hse of fire. One appropriate materi al
which resulted i'n a 42% power increase when used on top of a solar cell
was propyl ene glycol (N=1c433). Propylene glycol is used for antifreeze in
aut onobi.l es and has been di scovered to be safe for use as a dielectric
fluid in coveri R&Fedin : ' r eutput | n cas f fire,
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an i nmer si weidencgaf which sudlightestiikes Thedionn fhex ofthe Sarcall i 09 Bnd/br% sikle wall.oft he
material freezes at -45 centigrade and boils at greater than 370 :
centigrade. The material is safe in that it produces COZ if burned and is
stable for greater than 10 Years in sunlight. The material was tested to
determne the increase of solar cell output. The structure in which tests
were run is shown in FI GURES 8A and 8B. FIGURE 8A . shows a ceranic bow
81 the walls of which are covered by a white 3M Scotdtj tape 85. 29 July
2005 10 Cross sections 85a and 85b of this tape are shown in Fl GURE 8A -
while in FIGURE 8B a top view of the structure of FIGURE 8 A shows the 3M
Scotch tape placed around the interior of the bow below the top edge.
Solar cell 82 is spaced a distance "d" (1 mm fromthe epoxy base 84 which
is.glued to the bottomof the ceramic bow. The solar cell 82 has two |ead
wires 82a and 82b which support the solar cell the 1 mm di stance above the
_epoxy base 84 in a cantilevered fashion. The solar cell 82 has two |ead
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 gl ue
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- liquid code 1160 with a refractive i'ndex of 1.535. This liquid 83 is
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| 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 outpuf 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 fo that of control
curve 601 in air in FIGURE 6. Similar experimental test points 702 show the same
power ratios obtained comparing cellt 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 Iid 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 pf eﬁ'ectivé sunlight angles, without tracking sun posiﬁom'
- *The illustrative example 701 shows an increase of approximately 70% in the output
. power for a day using a soler cell immersed in ethanol. ‘The example 702 shows an




angle of light incident on the photovoltaic cell 106. In épe zol gstrative
exanpl e, the nmaxi num output power is neasured froma soP3PWe 0,5 a
function of the angle of incidence lgt whi ch sunlight strikes the front
face of the solar cell 106 and/or aSide wall of 29 July 2005 12 the solar
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i n output power is obtained during a sunny day. Referring to FIGURE 7, a

graph 7 0,1 a ‘fﬁetsqr%%t%?e (gth the El?l}s}:rgﬁxgg sorlra‘i:)ganrrgl,mingllfl%&ugtsolar cells immersed in
liquid and encapsulated within the panel, can have various other benefits for extraction of
additional power. For example, the solar panel can include pumps or other devices for
circulating the liquid, so solar cells can be cooled to depress the decreasé in output power
 that results from a rise in liquid temperature. Circulating the liquid also permits
- simultaneous coliection of solar thermal energy from the liquid.

In an additional embodiment of this invention, a solid dielectric film is deposited
.over the surfaces of the p-n juncﬁon}ceﬂs. The dipoles of the solid dielectric film are
polarized along the self-induced electric field across the p-n junction.




power curve 602 froma photovoltaic cell 106 i mersed in_ethangl 110 to
that of ‘control curve 601 in air in FIGURE 6. Sinilar e%ﬁéWV@§H§al t est
poi nts 702 show the sane power ratl4os obtai ned conparing cell efficiency
inliquid to cell efficiency in air for benzene fluid baths. The geonetry
of the solar panel 100 including aspects of the transparent panel |id 112,
the transparent panel walls 104, the geonetry of the panel walls 104 to

- focus solar energy in the organic dielectric liquid 110, operates to

i ncrease solar cell efficiency. A solar panel 100 that utilizes the

di scl osed geonetry and organic dielectric liquid extracts an enhanced

out put power fromthe solar cells at incident illumnation angles from 10

to 75, the ful range of e | sunl i_ght  angl es, without  tracking sun
position; Th ?ﬁ‘rpﬁlgt%fli%&rl@i&‘%%ecw:isgﬂ% Pﬁ%ﬁ\‘lyié‘é’géveﬁ?ngdﬁﬂfr oxi mat el y
70% i n t lserfade X014 of BOMPEeIL 100 Withl Aic1at8i O Badd 104 7 'eﬁﬁﬂaﬁﬁéﬂ{j%]]b gat%tz hanol

The exanpl e 702 shows an 29 July 2005 13 increase of .approxine 0% in
t he out p®f thedsref gusve §0hto thatsefiayree SO0 indicates that nbent aad 1% incivesediaribe Dur i ng

a year, . angle of el evati on of the n .at .noon
Tt o6 oot BfcuiEaR AR CUANAGNAiRGH b§ WhiiThethe foa e ot dolk ot il £t
earth. Aexmnpief trichiotoetieyledd. OMMIGLRERSBRENI 94 Shd@I98S P&ﬁd@éﬁéé&%ﬂﬂiﬁﬁ i on

ne.needs to be selected to effective utilize the

- of the sol ar _panel pl ane, C i
fallen | Fﬁ'ﬁf’dla%?ﬂf h’é‘é‘? desighef mepmtingdatie 00, theidesignpiithe salan ¢ell thoudtingde of

t he. | ocatibfiafbet ' ' S |.Glen at__| omw. | es of -

I nci dencied-br esuﬁesﬁﬁlggﬁﬁkgy%ﬁﬂgg% &(;]%m%lg?%? éanrfgxﬁslogfﬁtcgﬁvﬁ%ﬁst he side

wal | of allewgsktodle wok | arge efficiency increase is attained not only in
bright sunlight, but also during hazy or cloudy conditions. For exanple, a

ol 15" et o CPTOES {4An a0 dhare Shuekinh ihs S el o Virvaremmraaraf of
B ntens | 1 gol@fpapbliutaghBink $ystem 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 amay of solar cells
1010 mounted or plabed on mounting table 1002, which defines a set of holes 1012,
Holes 1012 are Iocated|on mounting table 1002 to provide a s;;ace 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. 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
‘improvements of the embodn:nents described are possible. For example, those of drdinaxy
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
B ‘structure as well as modifications which are within the scope of mc_inveﬁﬁqn. Variations
“and modifications bf the embodiments discIoée_d 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. '




The structure of the illustrative solar panel, including solar cells -
_imrersed in liquid and encapsul ated within the panel, caRJH¥#80%ari ous
ot her  benefits for extraction of add?tional power . For exanpl e, the solar
panel can i ncl ude Saelgimsopnlossiatherviseiindicatédithe acicle ta”ds tovgfdribe“dnequingores Q
sol ar cellqhﬁﬁal e cooled to depress the decrease in output power that
results fromarise inliquid tenperature. Crculating the liquid al so
permits sinultaneous collection of solar thernmal energy fromthe liquid.
In an additional enbodinent of this invention, a solid dielectric filmis
~deposited over .the surfaces of the p-n junction cells. The dipoles of the
solid dielectric filmare polarized along the self-induced electric field
across the p-n junction. | 29 July 2005 14 Referring again to Fl GURE 5,
curve 501 illustrates a result of wetting rear surface 1014 of solar cel
1010 with dielectric liquid 1016. In this enbodinment, the ratio of the Ise
of curve 501 to that of curve 500 indicates that about an 11 %increase in
the short circuit current can be obtained by wetting the rear surface of
the solar cell with, for exanple, trichloroethylene. Al though, FIGJRES 9A
and 9B provi de one exenplary enbodinent for. the design of nmounting table
1002, the design of the solar cell nounting table can be designed in any
~.manner. 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 ating system 1000 including a solar
cell nounting table 1002. In this. enbodi nent encapsul ati ng system 1000
i ncludes a transparent |id 1004, a tray 1006, and transparent side walls
-1008. Encapsul ati on system 1000 encl oses an array of solar cells 1010
mount ed or placed on nounting table 1002, which defines a set of holes
1012.- Hol es 1012 are | ocated on nDuntlng table 1002 to provide a space
1018 proximate to the




rear surface 1014 of solar cell 1010. Space 1018 al |l ows ﬁ gielﬁﬁéric liquid
1016 to pool proximate to rear surface 1014 such that t 2 Wy rear
surface can be made wet. In one exanple, space 1018 provides no | ess than
~a | mmgap. Wiile the invention has been described with reference to
various enbodinents, it wll be understood that these enbodinents are
illustrative and that the scope of t i nvention is not limted to than.
Many vari ations, nodifications, additions and inprovenents of the
enboqipesg descri bed are possible. For exanple, those of ordinary dril

in tﬁé‘éf“ﬂﬁll readily inplement the steps necessary to provide the

st ruct ur e< Sl energycpRygRer gpmapnisinged herein, and will understand that the

process pa 48T dnclofild Bving |a5two-ﬂﬂn%nsi6l{agﬂ£ _%Lé%,gsiloﬁ‘ sde Walf Bud®y u’mgfqrg;é SliﬁX anpl e

only and c e V@%ied to achieve the desired structure as we

modi fSFlt"H”E‘?‘ﬁ am,fhiq 138 basechy fhe ghast side wallo e shert side walls enclosiog an nerioacivitys  and

modi fhhﬁagamﬂssmhﬂlﬁﬂ%m&ﬁﬁ%ﬁr&iuﬁ%&aﬁﬁnﬁﬁwa&cﬁ%ﬁgﬁmﬁade based on the
e

description set forth Eereln, W t hout departing fromthe scope and spirit
of the i n¥%¥ M splar celisicontained, within thecthin pried ppolesure|and havingrofronyuyfagop8 15 | n
t he thdkismaface;unl ess otherwi se indicated the article "a" is to refer to "one
or nore gggn one”‘§9.%ul 005 16 CLAIMS 1. A solar energy converter
~conpri si ng PR RftRned tim the thin panef enclasns and that holds theiopeeranomselar gelinsepasate e,

shor fromitledaseahd Bd; amind a transparent lid separated fromthe flat base by
the short_gi s, the short, side |1 s enclosing an interior cavity
having a & ep?ﬁ?ferso uh%’fdaoﬁ?%?dls‘v § g page ‘I’i‘ﬁl"%‘feﬂ‘f@g"‘t@‘l‘g the,eneopmorgisalarrsiional

bas ewektinglrth e font surfaceoind bk sufint off thdlke bsmer@RilaicelRd Wi t hi n the thin panel
encl osure and having a front surface and

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 lmm.

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
qrganic dielectric liquids, a dielectric liquid with an index of refraction greafer 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.




.are

back surface; a support contained within the thin panel éfiloﬁﬁﬁ? and t hat
hol ds the one or nore solar cells separate fromthe bas %H ; and a
- thin layer of liquid contained within the thin panel enclosure and bat hing
the one or nore solar cells, wetting both the front surface and back
-surface of the one or nore solar cells. 2. The solar energy converter
according to Claim1l wherein: the support separates the one or nore sol ar
cells fromthe base by nore than 1nmh7 3. The sol ar energy converter
according to Caiml mherein the liquid covers the front surface of the

_one ar cells b | ess. 4. The sol ar energy converter
accordl ngf? S%% RFTRY ORI mﬁ‘i’ l"t“ﬁllr‘l"t\e‘ﬁkﬂer of liquidis selected from

anong a gtisugn pinel encfosuctSis siroted fi6h B@onas @bup o?brﬂfb&tﬁ'és(iﬁ’dlddmg cRABSRR Gty Ve and
ctri.c r organic dlelectrlcllqwds

opti r14 dlel

onparhpsitg ARBRARERLES Sf Gbriie ot idbladne el ia Pt i eRfpsheeRdex of
[) ef Ir &@t quplqgﬁrlseauomse thedimuit. m;ouaapkm&e;zfon g;r@mnﬂg thel[alaia, i a;pmn@Qﬁi thePfight @ )

ol I kheh-P 00C rS|on | rs. with an
i nde%( of Q{d ?ag&?& &%Qg%%rr%%m &7 m% cieptly pigion :413 ‘]3’8&‘?&“&@2‘5“*‘? han
-45C“naﬁﬁ$aﬂb0|llng poi nt greater than 370C 5. The sol ar energy converter

according to aiml wherein: the support is a mounting table. 6. The
sol ag eng{%converter according to Claiml wherein: the short side walls
el

PIFBPhCaMENG SemRIIS®&D i ncl udi ng transparent wall's and opague

val I's. 29a thislpgne @Abintrendlosidga iglorsavRer gy converter according tO C' aim |
wherein: the thin panel.enclosure is selected from anong a group

encl osur e¥*° ﬁ%‘P‘I‘ja‘?‘% n‘i‘ﬁ’@m&% g’ﬁﬁ’c“h@“" | consaippr prd haging p fremtls 4°ﬁgﬂdd2@@1 ces and
capa@kfeceaﬂatmielsewﬂa&tllﬁﬂg :ﬁt%rwmufﬁlettmnggﬁimhtgﬁe,sgdar cells, and encl osures

t hat conpl gt se t.h i quid w thout apertures for C|rculat|ngthe
i qui-d, n’{?’r@m?a %/rt(ﬁﬂ 8 B’ﬂl e thiry pagel contaiper 3ad Ratking fhe oge oF metgsolane or

mor ecell atting bith the lﬂenmrfaﬂ Eﬁd ace Rirfade Tt dak 8 kore Rathr &;ﬁ?ﬁddrwvé?ﬁlg feGrohd QUi d

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 uanSparent 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 approxxmately 1.535,a freezmg point less than -45°C, and a boiling point greater than
370°C

:- 10. 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
' fomung a single n/p junction dlstnbutcd such that a front surface and a back surface of said one or more
sola_r cells are in contact with the hquxd, and
an encapsulation system enclosing the liquid and the one or more solar cells, the encapsulatioﬁ
' 'syétcm 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 ﬁirough the




|

1 quitellsan

- laye

is not required. 8. A solar energy converter conprising: 8 thb@ anel
contai ner enclosing an interior cavity; one or nore sol af® duly 1290 i sposed
within the thin panel container and having a front surface and back
surface that are separated frominterior walls of the thin panel container
and a thin layer of liquid contained within the thin panel container and
bat hing the one or nore solar <cells, wetting both the front surface and
back surface of the one or nore solal8cells and covering the front surface
of the one or nore solar cells by a liquid depth of 15mmor less. 9. The
sol ar ener converter according to Claima8 wherein: the thin |ayer of
é!"éé’( the liguidhand onrtinally eoneantyeting sdlarl eneray heommor ingr nglarweltsevherein
el ectihé Kqld cpverd RO B0 S Gdeof e B1br e s513! deifs ﬂyrl%miegft diel ectric liquids,
pol ar organic dielectric liquids, nonpolar” organic dielectric liquids, a
dielectric liquid with an index of refraction greater than 1.43, a freezing -
poi ntil. | eJke sohaenersOMverten secarding td Claigh 10aiekingr eat er t han 200C, and an

i i [ @ g f i t.h i,nd f f ti .Oof oxi mat el
1505, o el breeR ekt ¥ & St oo Bofeors BHOLR: han”

370Cnou®lar diclsadticlquadner gy converter conprising: a liquid; one or nore sol ar
cell s each having an n-type sem conductor |ayer and a p-type sem conduct or

fQﬁg a single n/p junction distributed such that a front surface

;
and éz'bac e&ﬁfgy‘%“%’ﬁfm@rc‘%rl@ﬁ“@mcam@gl s are in contact with the
liquid; ang etpaiMtionsytet haihgSy SidaD cdvesibiarohe ﬂmw&m&ﬂ th *ﬂaﬁﬁst@ or

at base 't hat

nor e Sq%ﬁﬁﬁ eL%s, t he encapsul ation system having a
suppgy? ®Whe or nore solar cells, the encapsul ation system having

transparent |ateral panel walls connected to the base form ng a | ens that

focuges Sﬂe%‘ﬁeééfé%%%f%%fé$rf§§%ﬁgiﬁﬁx@%r uid.to the one or nore sol ar

cell s, the wa nhanci ng co SP%&r ough the 29 July 2005 18
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 cow;ering a second end of the
eylindrical structure., |




wal I s and through the liquid and optically concentrating ighar ﬁgergy'to
the one or nore solar cells wherein the |iquid covers tﬁ ?Vgﬂ surface of
the one or nore solar cells by 15mmaor |ess. 11. The solar energy converter
according to Caim10 wherein: the liquid is an organic dielectric liquid
that is selected fromanong polar dielectric liquids and nonpol ar
dielectric liquids. 12. The solar energy converter according to Caim10
further conprising: the encapsul ati on system having a transparent cover
that allows solar illumnation to perngate through the liquid. 13. The

sol ar energy converter according to Claim10 fiuther conprising: the
encapsul ation systemin a configuration of a cylindrical structure with a

flat lpaneil‘hégbﬁyeneggg‘é@{vﬁma@mﬁhgﬁ{c;@iﬁﬂwq{lrﬂ{em"ﬁﬁéiﬁgpdI’i cal structure and a
panel covq&borﬂghg.covering a Second end of the cylindrical structure. 29

Jul'y 2005 “1%enrapsuipfien gystem compeisige watinnd a eovert degptgiartiplly Gonstraptedfiom trapspesenty
conprglasi arglastiche 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 Caim10 wherein: the encapsul ati on system
‘has &>-basBhesaldar enengs consierspacedrding foClimrl@avheeinan a total surface area covered

by the ogg eﬂ&pﬁﬁietfr%n SR bas ﬁlbLé'a{l% Bover M6 Y igf{argglntﬁzgxgz}/ tto\%?snu\ﬁ%eta?eé 8%%%(: E}? ig.?g

to Claim10 furt - conpri si ng. € encapsulati¥on system i n a ion
of acReArmemseleeselist ructure with a flat panel tray covering a first end of
the cylindrical structure and a panel cover or lid covering a second end of
t he gli structure having a

qﬂ{%ﬁal structure, the cylindrical
cros§Zsect’ vaﬂgﬁmmﬁﬂ?ﬁﬁﬂiﬂﬁ% piffushesremeistier cl e, an el lipse, an
?val , an thggrapaifeion @sﬁéﬁgh a'%&lﬂ%graﬁoﬂ of zﬁé}&h&-%cal?snﬁ&%&@r\ﬁthaafﬁt B&iie Bay &l vRRALH
ronmanon S [1.C . Snape an an asymelri c snape..
: r’q'irs St oft 1:heyc:r_;,rrm13 rical stmctupe an% a panel cove¥ or lid covering E second end of the cylindrical
structure, the cylindrical structure having a cross-sectional geometry selected from among z 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.




17. The sol ar energy converter according to Claim 10 mhe?gua
encapsul ation systemis a thin panel enclosure having a &lnen3|onal

flat base, |lateral panel walls conprising short side walls, and a
transparent |id separated fromthe flat base by the short side walls, the
short side walls enclosing an interior cavity having a depth substantlally
smal l er than either of the two-dinensional base dinensions. 29 July 2005

~ 20 18. The sol ar energy converter acc@dding to Caim1l0 wherein: the liquid
is selected fromanong a group of liquids conprising water, electrically
noncg&duct ve .and opticall tranagarent dielectric I|qU|ds pol ar organic

di el €tri cF FHRcAYEY HhaFeTBT acording sp¢laimyl Gvhessinti ¢ | i qui ds, et hanol, benzene,
tol uene, tehd kiqodal @wehwano@w@w iq@idy 6&hprisifig Wal, Rebtribily 'andbh&inc%N dan

i nde i frac [ eat a a freezing point Iess han -

and )épﬁ 4] ﬁ%‘w&e@ Eﬁ %?wgﬁdlqaﬂs PORPRIASrEARIG q“ﬂmﬁ& ligws, P‘b@@hs
with bamnm tsbmeneo tnchcﬂ‘ﬁrbah;mﬂerprqulea@gyamlam&w 1iguid 38th af ildEE 87k tiROirker HRAR S
than 1 4§ ci'lee%ﬂg pomttf l:hI nglﬂp((l) I n& ngagtp%Ent gltegtg'rnﬁla%?Z%g‘C and an immersion liquid for lasers

with an index of re_:ﬁ'actlon of approximately 1.535, a freezing point less than -45°C, and a boiling point greater
than 370°C. '






