WD 2004/ 015335 PCT/ US2003/ 025288 1 CONCENTRATI NG
SOLAR ENERGY RECEI VER TECHNI CAL FlI ELD OF THE
WORMENTSE [ 0001] This invention rel ates gener aLTUSk@3/025288
the field of solar energy conversion and nore
particularly to a concentrating solar energy receiver.
BACKGROUND OF THE | NVENTI ON [ 0002] Devices for solar
energy collection and convkersion can be classified
into concentrating types and non-concentrating types.
Non- concentrating types intercept parall el
unconcentrated rays of the sun with an array of
detection or receiving devices such as a sol ar pane
of photovoltaic cells or hot water pipes, for
exanpl e. The output is a direct function of the area
of the array. A caqoncentrating_ t 0 rgy
col | ector C@Q@E@w%y@ﬁg%g&émﬁﬁéﬁﬁﬁﬁ a
parabolic reflector or a |l ens assenbly to concentrate
the rays, creating a nore intense beam of energy. The
beamis concentrated to inprove the efficiency of
conversion of solar radiation to electricity or to
TECANIEAICFIREDP HHE PRviaRFTGger v col | ected from t fe
solar radiation to provide for heating of water and
so forth. In a conventional concentrating sol ar energy

receiver, the incident solar radjatjon is typicall)
[00G13 ¢ e rivemoTb e BFTISFAT (ithe HPLt Ol WHTEReERY Cdergion apd more
' - ) ng..a focal line froma
paﬂ%ﬁ%ﬁﬁ?%@ gﬁceéﬁfg%%gogérﬁng@g%%ﬁ anot her prior art
exanpl e, such as disclosed in U S. Patent No.
5,882,434 issued to WlliamE  Hone, a flat portion
BACKGROUND OF THE ENYENTION)ar abol i ¢ prinary refl ect or

provided by flattening the center portion of the
reflector radially to a predeterm ned di anmeter before
[0002]€EDPAEETOF dolar efidtEy EoltptibRMtRDN0ersivacan bacladifiediinto obncentrating
the reflector. In this device the reflected sol ar
typesaad gyn-corcenaiingdupest NancongpngainepeHaicHsPt Bafﬁlﬁeé unconcentrated

MR AT EAE NP )
photdRYie lcell EMEHbt Grarert Pifiek Ofoatx BRI EThd @itpimds a diract femeiogpf the area

receivers require inprovenment for two reasons. First,,
of therastaye egoneeniragps ema wé e pismergy ¢allectpi{opdhty B Enegy rays using, e.g.,

a parabolic reflector or a lens assembly to concentrate the rays, creating a more intense beam
of energy. The beam is concentrated to improve the efficiency of conversion of solar radiation
to electricity or to increase the amount of heat energy collected from the solar radiation to
provide for heating of water and so forth. In a conventional concentrating solar energy
receiver, the incident solar radiation is typically focused at a point from a circular reflector
(e.g., a dish-shaped reflector) or along a focal line from a cylindrical shaped reflector. In
another prior art example, such as disclosed in U.S. Patent No. 5,882,434 issued to William E.
Horne, a flat portion in the center of a round, parabolic primary reflector provided by flattening
the center portion of the reflector radially to a predetermined diameter before the parabolic
curve commences outward to the rim of the reflector. In this device the reflected solar energy
is focused at a ring corresponding to the outer diameter of the flat central portion of the

reflector.



systens is located directly at the focal point or
focal |line which occupies a very small volunme. This
weoenel4#015335umre causes a hi gh concentrati on of heat/uskms/025288

nmust be dissipated in the region of the focal point.

Secondly, a large portion of the infrared portion of

the radi ant sol ar energy spectrum cannot be

efficiently converted to ePectricity by currently

avail abl e I ow mass conversion devices such as sol ar _
[00033! | s. Hbwsteradtyvet hichverimasls comfentnting enkr ggnergy receivers require

collected by the reflector and contri butes tﬁ heat |

pIYEMEBARE L8P JFA0BY EES WA PO IR SIS IHE B6 rlgucaﬂgenﬂonal

Sys@&%i/sﬁg%%%‘}"%gg’tégﬁhé? %ﬁ}ﬁéﬁ%& THE | NVEél\ﬁ"ﬁ%%\l A VSppepy el volume.

ThisTstedlevdlsmé tastoskigh bene@ntratdorcaheatrthatahish e dxsmgateé nEtlhg yegion of
recei ver conprising a pri Eéﬁ par abol i ¢
i

SR
the fosel prynta Frcghdly 4 laga paytiey ok the iafeared HO%IO&&% &b adgnggolar energy

h fil e
spectugh Rl Eilen B0 GonB R BepPERY (B (irtl ORI tow mass
conVetion 88vides suOIE & sad@icolls. AhsteAd; this ém&s/mﬁafeﬂkmbngg is collected by the

reflector; and a conversion nodul e havin reception
reﬂ@mﬁa@d@omr&u@sﬁom@nnget@éﬁpntﬁm% e dee Whic %sﬁ?ad@@mﬁwonvefswn

fﬁ §§g=<ﬁ°'n@ by a predetermned distance and

© %?@%6) 0" €Cki ve a predet erm ned cross section of
radi ant sol ar energy reflected fromthe concave side
of the primary parabolic reflector. The radi ant energy
thus collected may be converted to electrical energy
in the conversion nodule. In one aspect, the
conversion nodule includes a reception surface
conprising a planar array of at |east one photovoltaic
solar <cell. In another aspect, the conversion nodul e
i ncludes a reception surface coupled to a thernal
cycl e engi ne. The nechani cal output of the therma
cycle engine drives an electric generator. [0005] In
an alternate enbodinent, there is disclosed a
concentrating solar energy receiver conprising a
primary parabolic reflector having high reflectivity
surface on a concave side of the reflector and having
a first focal axis extending froma concave side of
the reflector which passes through a focal point of
the primary parabolic reflector; a secondary parabolic
reflector of smaller area than the primary parabolic
reflector which has a second focal axis aligned al ong
the first focal axis, and is disposed with a convex
side having a high reflectivity surface facing



the concave side of the primary parabolic reflector.
The secondary parabolic reflector is spaced fromthe
woaoewlo1pssnt of the prinmary parabolic refl ect opPCaluseg3/025288
the first focal axis by a predeterm ned di stance, for
reflecting the radi ant solar energy reflected fromthe
primary parabolic reflector, in substantially
parall el rays, toward a cehtral portion of the primary
parabolic reflector. A conversion nodule, having a
SUMBLERY i OF TIHIE INVENKTHEINI n t he reception surface is
positioned along the first focal axis within the
central portion of the primary parabolic reflector is
0o} SERZES S 1GRATE | A AR o g ALY iR e Fprimary
paraBolgd @¥letiotBadng ladsgtectiieatyvibesurtaoy en hedntaveedidcof theaflector and

energy. In one aspect, the concentrati sol ar._ ener
having edpead exis $xteadinegiiprdhe epnsayedds Qlethg r%{(ﬂe,%fqr Wineh Passesg%routgh a

dj | . ey .
focaf Aol B o5 et S RIS iR Y EESH RIS i1 HiS he a receprion
surfAROAHE:E3EE 1BEPtiUB2UH3IR5PREd fromothe Hecal aabiiatrby 8 giratetermined

~energy substantially matches a conversi gn bandpass of
distanise anddiveased trrecairriipredeteimipgarABsC AP radign golar energy reflected

conver si on .modul e.i ncl udes..a._r, ' f :
fron g pr-auE g Bl B DR EER TS RAGE Bt Elccted may
be dRVAfedC® diectridhl ¥hrgf iR iltefonRSREREL modidle. It ofy aspcithe conversion
modul e i ncludes a reception surface coupled to

a
modulesinplutesateteption ginfizce cPmprising @ RRARERIRY BLALARASt Q31 Phagvoltaic solar

e e PR BRAED L GH L B, s o
therﬂdﬁc%@eﬁeb‘wm TRORGBEhINal sutplr & the Mehhlecyddeiziicaditiengn electric

of t present invention and the advantages thereof,

generefogr ence i s now nade to the foll owi ng description
taken in conjunction with the acconpanying Draw ngs
in which: Fig. 1A illustrates one enbodi nent of a

[0065]NCIR AL IS HBRAEMENEMBN iE BREEIVET a EdhceMEADEARE Energy receiver
wi'th the present disclosure; Fig. 1B illustrates an

comghrisipraren@ipacbointefloftonhavinglugh redlectivitsvirkiee emapepave side of
e SR SR R B 350 R B resor whic
pas$e§ trBE&PA focal point of the primary parabolic reflector; a secondary parabolic reflector
of smaller area than the primary parabolic reflector which has a second focal axis aligned along
the first focal axis, and is disposed with a convex side having a high reflectivity surface facing
the concave side of the primary parabolic reflector. The secondary parabolic reflector is spaced
from the focal point of the primary parabolic reflector along the first focal axis by a
predetermined distance, for reflecting the radiant solar energy reflected from the primary
parabolic reflector, in substantially paralle] rays, toward a central portion of the primary
parabolic reflector. A conversion module, having a reception surface wherein the reception
surface is positioned along the first focal axis within the central portion of the primary
parabolic reflector is disposed to receive the radiant solar energy reflected from the secondary
parabolic reflector. The radiant energy thus collected may be converted to electrical energy.
In one aspect, the concentrating solar energy receiver is configured to selectively admit the

radiant solar energy to the conversion module such that an admittance bandpass of the system



Fig. 2Ais a pictorial drawing of the enbodi nent of
Fig. 1A showi ng the supporting structure for the

wonrbwnys3sef | ector and a correspondi ng PCT/US2003/025288
solar-to-electrical energy conversion nodule; Fig. 2B
is a pictorial drawing illustrating an alternate

enbodi nrent of Fig. 1B showing the supporting
structure for the primary 4nd secondary reflectors and
a corresponding solar-to- electrical energy conversion
to thencldiaet sdtamgenedgyi $ubgshtialyemathot heonedrsion handpass of the conversion

embodi nent of the ﬁoncentratlng olaﬁ gner % éece e, which
modyie. Fily ang eWﬁ‘éEeéF g HEDYIEAN APELC itECPos FTRYCAvA

com&,ﬁ?ép 4 BJE |l 2 18t %n@g 6tB€oltafRf §JTRY delll €l 6 bRbther aspect, the
graph i ustr ting the various conponents
conﬁﬂ&ioﬂ\/&ﬁ[ﬁluhﬂgichﬁlemb rebeptionl sarface ealiphtd wna sipeotat gpelasngine. The
npared with the effects of %?e at npsphere thereon
mecaﬁacaﬂwet%ﬁf/@%heéwa B veg gy & SHC&?IP?TQWI y
avai | abl e sol ar energy conversion devices; Fig. 5is a
graph show ng the rel ative quantun1efficiency vs. the
active wavelength range of a triple junction Gl nP2
| GaAs/ Ge solar cell; Fig. 6 is a graph show ng the
conversion efficiency performance vs. the sol ar energy
radi ation level for a triple junction solar cell as

shown in Fig. 5; Fig. 7Aillustrates a design exanple
for a concentrating solar energy receiver according
to the present disclosure; and Fig. 7B illustrates an

al ternate enbodi nent of the enbodi nent of Fig. 2A
using a thermal cycle engine in a solar-to-electrica
energy conversion nodul e. WD 2004/ 015335

PCT/ US2003/ 025288 6 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0007] Referring nowto Fig. 1A there is
illustrated one enbodi nent of a concentrating sol ar
energy receiver according to the present disclosure.
The concentrating solar energy receiver 100 includes
a primary parabolic reflector 102 shown in cross
section which intercepts solar energy radiation in
the formof a plurality of incident rays 104 being
reflected froma highly reflective concave side of
the primary parabolic reflector 102 toward a foca
point 106. It wll



be appreciated that the focal point 106 |lies along the
first or principle focal axis of the primary
woan@mesizs refl ector 102 and passes through thectast@®s/025288
of the reflector 102 and substantially perpendicul ar
to a plane tangent to the center of the reflector 102.
This focal axis is not shown in the diagramfor
clarity, but will understobd to be present as
descri bed unl ess otherwise stated. As is well known,
BRIEFCDESORIPAYONIOF THEDRASVENGSfal | ing within the
outer rim112 of the primary parabolic reflector 102
will be reflected through the focal point 106. Al so
0 in i I : L &N tages
1000p2 1 pge, Qo FiBefhchBfle 00E preikhE Rty Bvantog
theréfPleBdiafice! i€ Giownmdils pothedol owiigaddstdption akerr imgtrnjamgbevith the
to the principle focal axis passing through the focal
accomeianying @B awings ivvhicdt or di spl aced al ong the principle

axi.s_by, a,pr.edet er di C ' . o
o UG SIS 85 ot QUK Bt P oo i
accRAAn¥B RN hRAE ROt Giscefsheet or 102, The area of a focal

area is approximately the sane, or slightly |arger .
t hdig. 1Briugiratessn affenpiecmaiodsment obp copreNiraigsolas gnergy receiver in

radi ati on patter t .the locati f f n
sccdiliig ¥HB Ropreettpnes dalie ATBboB R iy "hBLoR R scoondary
refl@icicl osure is defined as a planar region representing

the desired position of a sensor for receiving so|ar )

endiigy24 ora piheriplidpwing of the embedimeng of Fig: bA$heVing the supporting

ool b s SRSl Ao SR RIS ddbvemsion
modd@ception or solar sensor surfaces are the

ener gy-i nci dent portions of ~a conversion device or .
o dii. 2 Bnis iaqlictod el aneing Hiisiradigemalicatnée gpbedierertgf g d B showing

the SiRpERTESHUGHE RS PHIGAA eor G SRRORdyS st Sforafiteg soar-to-

Lo e bhdreakonveRESARbEAE; or thermal form It will be
eereadi fggp%nreci ated by those skilled in the art that a

solEig. Brilugsatesemstier dieimate empodiment af &z apnreatcating wlyr energy

the size of focal ,area,108, or .alternatiyvel c -
recgva o 46, 1 whRTREASA At s PRsifeEr DE i he peffife axis of the

. I .incident rays being directed through the
pn@%&é&%&?ht 106. In addition, the reflected sol ar

endFigy4 iis a\gnipfhoriustyatitigsthe iviativesicempenehisvand wsnsteagihs of the solar

intensity WO 2004/ Q15335 PCT/ US2003/ 025288, 7 :
o B % PR AR P AR ORI ARG SRET ey he conversion
banrﬁg%ﬁ QU sé\%&g:ﬁ:?@elﬁfy ﬁlaﬁ&ﬁégolﬁf &Rr&ERNERINdeRcks; of the

ation |ntercepts t he ener gy at”a unlform.
| oV, b nd emsiphyshetvingthe irelafpveaquantish effeiensy vsntbanstivehgavelength

ran%egg&ai%uggtgq%@%?%#@e ISO grsce?llgbj ect to intensity

Fig. 6 is a graph showing the conversion efficiency performance vs. the solar energy
radiation level for a triple junction solar cell as shqwn in Fig. 5;

Fig. 7A illustrates a design example for a concentrating solar energy receiver according
to the present disclosure; and

Fig. 7B illustrates an alternate embodiment of the embodiment of Fig. 2A using a

thermal cycle engine in a solar-to-electrical energy conversion module.



di ssi pate heat energy that is outside the conversion
bandpass of the conversion nodule. This is because
woOheodlvesa3sener gy contained in the sol ar radi at POWUS2003/025288
intercepted over a larger area than would exist at
the nore concentrated focal point. By distributing the
recei ved energy evenly over a |arger surface, the
useful operating life of the conversion nodule is
increased significantly. Thus, a concentrating sol ar
DEEAHIIGD DESERVETIONOF JIIBINYENIEMN in Fig. 1A can be
built in a wder variety of sizes wth nmuch |ess
severe constraints placed upon the heat dissipation
i, 0 . . I _
o0 A e O B B e M cBndch@bting solar
enerig@ &eMer aebrdihe taothe pessentdiisddsosurEne doncentiating eolar energy receiver
apparent fromthe description which follows that. sone
100 gclydes apaimeae PaRRONGHACtHRID 2 RoNH; 18 STRSY S¢OB r“d‘x}awé“efcepts solar
vari o evel . - ' t ' - ;
enerf g Sifostt Brlor Y3 FpRifLo 8RN Sy Clod REDIHERE from a ighly
refl&¥kivOtdieate Qlle bhe Eﬁﬂn@fy pagsbotiofeffecml 0 ®wand afocpbpaint, 106. It will
the way in which heat dissipation is provided, etc. X
be appregigled dens therfaral goint 100 Fpsplongahe fipss opprineaply fosal Hpoefthe primary

| in Fig 1A i .
oo S5l 0 o A Il b R iy
perpthgiduMt RMBsladcaakicntto thovsatd of the reflyrom\102. s This el ais fshet shown

primary parabolic reflector 102 appears as a circle. ,
in thes diagranwedr|clacripvit williundeestogd tefpinspsent asespabgdopnless otherwise

recei.ving,incident, sol ar i Al . .
sk S5 R KPS Lo BB BBEe LBOE gy TR rm 1120t
prinkdrf p&Abolt SEL&SHIE Wil hotefledtsd tipOugdhOtha fedal pethar06. Also shown in
primary reflector 102 but could be other geonetric

Fig sltegre 8 neardbcad gread 0@ and pfgsfocalpren/bl0; Thesqfagal arggs.avhich each define

i.e. .cylipdrical fl. . )
AT e I -
the %éﬁlrbo%ﬁ_lﬁﬁ,ra@é/ of¥det BN acea AR kife fiBicifle s By SpRPasIntiged distance

conti guous shapes placed edge-to edgg3 or a )
eitheonperd the pomaryafaraolic reflestas A8h osaveay f5om Ehe primagy aahelicreflector

tq.,one apnother or.a conposite.of reflecti S
102 rree B0 T a2t iR ARAET R s, oF S 1oEFTHh She cross-
sectiGaf aRaldflile FrRERA RS diepattettihit theMocdiibe Jf MEE Fdcdlplane along the
panel segnents may have a flat or curved surface. The

prinpipleraxiy. ref | ector may be constructed of any materia
in which the desired parabolic shape may be
mai nt ai ned. Sone exanples of suitable materials

[00081C! HUBCATBEAIIS this HERosBE iPRinsD 85l a Planed BB (EprE&ItNE tHe desired
ni'ckel or chromum plating; glass, with or wthout a

positidn\od neehsocfoatrécaiyifgmldrenargytar th purpeserod aomvsrtong ibolsaether form.
S B Pk S e Al BB S8 P B e gp ¥ sufcos
Re%g%ﬁ%@%g%%;@gfgg% 6%%%&!%&%1&“ petisEsPdf al¥dnversion device or
module which receive the incident energy and transfer it to structures in the conversion device
or module which convert the incident solar energy to an electrical, mechanical or thermal form.
It will be readily appreciated by those skilled in the art that a solar energy sensor having a plane
area approximately the size of focal area 108, or alternatively, focal area 110, is in a position
to intercept all of the reflected incident rays being directed through the focal point 106. In

addition, the reflected solar energy is uniformly distributed at a lower average intensity



8 and reflective properties required of a parabolic
reflector. In sone applications a reflective sheet or
waoendarrassss havi ng sufficient support to maintai RC&US2003/025288
par abol i ¢ shape may be used as a reflector. However,
it wll be appreciated by persons skilled in the art
that a light weight netal such as alum numoffers a
nunber of advantages such @s hi gh strength-to-wei ght
rati o, ease of manufacture, ability to provide a
thropghdus ke fodal grbh.yThet theasblay endrgn seisolodatedat afoichli arga intsreepts all
uct = heat ama%ﬁfron1any S ture

of e GRS RHS Ren Ry R eToBnar PecReaay Yieat Pagca tems,

mea tlllat B Qa%éﬁegg;d sén@oﬂjﬁtl@és su@ﬁﬁ?td"ﬁﬁé&i’%’y peD&1Md can more readily
ntinui ng W t A, “the sol ar energy conversion

dissipaciiheas endng}cthamxoutseieuh@obnvwstdm tahdpass ofitieopearsiboiriodule. This

refl ector 102 and which has_a pl.anar. sol ar eper y
is becapsedhe hest prergipensitaingshia dhesolas rafligng lg}ntq‘rﬁ%pt%c{] @1\6‘? lpgger area than
j
o5, A Ol T O, OB 8311 ey vl
ovePReladger I’mﬁﬁcep htthé cnsefull aiperasiap dife C(ﬁ1 the amvarsidrenmdiile is increased

_cycle englne coupled to_an electrjc generator, for
signéfiteantly e Thys apﬁﬁl@“t{é@lﬁﬁ%fPB‘?rg&FPCélVé"c‘%quf’cgureﬁéﬁ ghaypjn Fig. 1A can
na f C
be %i::{h aﬁl \glgFII garr?e?% ofj 8 ¥+ \%ﬂﬁ"%t&ﬂ 18&%§€§ré %?ﬁ%#&?lgtf ?garc%% uPon the heat
dissepatiof BipadllRg b the sdly: enﬁig&tdilﬁfem@mnedhﬂe thHat 1 ughzmhathak:oncentratm g

includes an alternator. The specific solar ener
solag @mrgy s@cgwemfdm: preseni disgloyuise It el peiapp iRt tEam Hisi q%éqﬂptlon which

follBW? gigg on&efof 't:he;pa? et JQWCI}Q%; lfe] arel%l{s{)erd tG bﬁﬁ/ii&eyvanhaseo%%ut levels are

el ng rate

the ize oP@SipkinRRy Riglet o, tRodiad ofSRE S6lar R0¢dr] 1HB poiltltnlil er offset of the solar
conversion nodule at a predeterm ned di stance from

sengcydrage thefbcal ettt the way inwhichdieplrdispipajiop as Bisyided., etc.
reflector 102. As will becone apparent hereinbel ow,
the choice of which focal area 108 or 110 is sel ected

[0009F @oRBhGihE Wit FigPPA] G8tpkigdhry phdabolReeflstor 1 @Rshod in Fig. 1A in
various enbodi nents of the concentrating sol ar ener

gy
crogserceiemay d0gencenl bewf cheylaighepe.i thatds, theaim 17 when viewed looking

f d enbadi f th t .

o B SERc R B Al A PEAB e tuar a2 Bals BLEPRle. asis

welf EﬁWﬂi Stln@ 'i‘s dpdtibend hep @fﬂﬁ%ec@%%ﬁhcﬁ@ﬁt%ota& bidrEy fadigibh OHowever,
solar cells, specifically tri unction

the mlawmﬁm&ola@en@w eaceivet 109, of Bmhre@m disclewire is n@ulnmé?ﬁ ﬂoyt circular

avai | abl e era Wi th intensi
o EBLAELS: 307 e B30, e RSB AR an oval. o
recRSE]i. @n'c? Vzlﬁd‘dﬁcﬁq Hﬂé&o@ dﬁaﬁ tafi aRt8Yy of fﬁgﬁlaﬂﬁbl@gons or any other
squared . Solar cells suitable for use in the
closong e ﬁglren djusknlaa rarep of genel segnerss cofldtheen gorapesiie of contiguous
di sc‘ll osur.e include devices uf actlfr ed er
shapes placed edge-to edge or a composite of reflecting elements arranged in proximity to one
another or a composite of reflecting elements arranged in predetermined positions though not
necessarily close together. Further, the individual panel segments may have a flat or curved
surface. The primary reflector may be constructed of any material in which the desired
parabolic shape may be maintained. Some examples of suitable materials include metals, such
as polished aluminum, steel with nickel or chromium plating; glass, with or without a silvered
coating (as in a mirror); ceramics or other composites such as fiberglass, graphite, polymers

or plastics having a reflective coating or plating; or any other material that meets the structural



EMCORE Phot ovol tai cs of Al buquer que, New Mexi co or
Spectral ab, Inc., a division of the Boeing Conpany
woOaowtoest3sn Syl mar, California. The sol ar ener ggTAS2EG/025288
for a conversion WO 2004/ 015335 PCT/ US2003/ 025288 9
device wll typically be nade up of an array of solar
cells of the type described in the foregoing,
arranged in a planar array8to be positioned in the
pl ane of the focal area chosen. It 1is essential to
and esficties plopertich eequikdof s pasbplibeflcatoef Il somepepplichdensc reflective

sheeﬁ g; }ngg{bgtfnré 3&3:3%1 Pqtzﬁr{; g{y&)@%},tﬁ)%ﬁﬁll&%ﬁ{%{)ﬁg&%ﬁ]&&gﬁ Iﬁvfgay be used as a
reﬂefc%‘rak{o@re%% R be édcl %i%y Fergén%tskilféﬂtu?ﬁe HRQMht b @ht weight metal

surface of "the so r cel ray. Failure to ensure a
sucha dlomimughi sffers hulinber of advaefabeciuell ae highgyrength-tpegight ratio, ease

of ngg@g%g?@ gb}fh%éttog)g@ggg %s&%lhgcg @mi@]%fl@?tg%%é@}pgﬁn@e { Iilli& to conduct
heat 879(1%; frgﬁl_@rxegtﬁgtﬁ? kl?aﬁ fms ovfted tﬁérf§1ge SORRVET Bk Qi'ﬂnous construction
nodul €. ver, e

ocal area is preferable when

varigtidierilie dey@ived i dghil @efetnbeivect ed as the conversion
devi ce because that |ocation enables the conversion

device, that is the thermal cycle engine, to be fuIIy

cl gsed w thi u [
0012} BG4 G0 DO IRAEES B ARG SRl ich may b s
witlf Hﬁfprﬁﬂﬁ?tﬁa@dboh&\@éﬂ‘é&tdrsl()ﬂ dndSwIiak (hds alpldﬂag solZJBenergy sensor to be
permts the entry of all of the reflected incide

posrt@ylsd within arieeor hhﬂj@,ﬁhﬁngstm fQ?@hQJP%gm@h b1, mespyrhss of SEYFé?ﬂéf’aSlC types.

[ |
Theé% é‘ﬁﬁl‘écge ﬁbus@g aa‘% g o oL }réleorny t o? 1cas%f£ﬁ cells or a thermal

cycRIGNY ®RpRAGBRA eﬁé&fﬁ: th@erﬁt@ﬁtfoﬁB}@lmi{ﬂet @n tl’ﬁ@ descnptlon an electric
surroundi ngs. Thus the anount of heat energ

genmaesemye@fqr do me deviguwhish qoneeristrelarer WBP‘@C@W@ themghgnergy to
m zed

mregb%n%ﬁ aélpg ﬁarrgrbtl Z%tnécﬁ}érr gli}lr rhfgg,c:n\e/ gerc Q%éﬁn%g%or 1nc1udes an alternator.

The éﬂ)@&ﬁ@ kolaY Ede@gEdtivBRion oda® Mat Hay be nsedvih Qllieeembodlﬁlent of Fig. 1A
desired to ut|I|ze a thermal cycle engine, one

is neushawl theetin |f@recla@tyathe$urp¢s|eng? Taggl A deipg torillusigtg the principle of

d
R R T s

the WRTAL Bébal ka?lirf?kI of lthe ?ﬁﬁﬁaﬁ*ﬁ hai@blid %ﬂe@fortlm 029&§|vﬁllt Hi&ome apparent
energy IS released fromthe working fluid as the heat
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so will not be described further herein. [0013]
[005?{ :H%{)]rg:f e cg:tg;%ﬁgh‘gérg%)?glet crg)(reur:eentrla mflg lslolla{rsér{e?éyer%cg}ger shown in Fig.
1A, a photovoltaic solar cell conversion module includes one or more triple junction solar cells,
specifically triple junction GalnP,/GaAs/Ge solar cells. Such solar cells currently available are
capable of operating with intensities of solar radiation of up to several hundred suns, where one
sun equals 0.1368 watts per centimeter squared (W/cm?). Solar cells suitable for use in the
concentrating solar energy receiver of the present disclosure include devices manufactured by
EMCORE Photovoltaics of Albuquerque, New Mexico or Spectralab, Inc., a division of the

Boeing Company located in Sylmar, California. The solar energy sensor for a conversion



concentrating solar energy receiver 120 showi ng, in
cross section, a primary parabolic reflector 122
woehbwhvisasser cepts the incident rays of sol ar radralszmBe/025288

104 and reflects themtoward a focal point 124 which

is located on a principle axis passing through the

center of the primary parabolic reflector 122. In
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[0013] Referring now to Fig. 1B, there is illustrated an alternate embodiment of a
concentrating solar energy receiver 120 showing, in cross section, a primary parabolic reflector
122 which intercepts the incident rays of solar radiation 104 and reflects them toward a focal
point 124 which is located on a principle axis passing through the center of the primary
parabolic reflector 122. In Fig. 1B, the principle axis passing through the center of the primary

reflector 122 is not shown for clarity, it being understood where it is located. The



energy receiver according to the present disclosure as
wi || be described more fully hereinbelow [0014]
wQ@anisnsasng W th Fig. 1B, the concentrating soPar/us2003/025288

energy receiver 120 shown therein has three

advant ages over the enbodiment illustrated in Fig. 1A

First, locating the focal area 128, or alternatively
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e surface of the solar sensor portion of the
conversion nodul e 134 and reduci ng thereby the heat
[00?4}]2 :IQ&%AP%P%\&&}? | r {I])tﬁzpr? Qt%egﬁg greeql%%g?/?ecel\%%' I150 itvn therein
has three advantages over the embod1ment illustrated in Fig. 1A. First, locating the focal area
128, or alternatively the reception surface 128, at the central portion of the primary parabolic
reflector 122 permits the conversion module 134 to transfer excess heat produced by the
incident radiation within the heat dissipating qualities of the material used for the primary
parabolic reflector 122. Thus, for example, if the primary reflector is constructed of aluminum

and the conversion module having a solar sensor in the plane of the central portion of the

primary reflector 122, is placed in contact with the primary reflector 122 it may transfer the



use of a filter in conjunction with the secondary
parabolic reflector 126 controls the adm ttance
woamdpasssof the concentrating sol ar energy reeeTasz003/025288
that it corresponds substantially to the conversion
bandpass of the solar energy conversion nodule 134
that is utilized with the concentrating solar energy
recei ver 120 of Fig. 1B. [0017] Continuing further
with Fig. 1B, the reflective properties of the
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[0017] Continuing further with Fig. 1B, the reflective properties of the secondary parabolic
reflector 126 may be altered in a number of ways to provide the filtering effect described
hereinabove. For example, a number of processes in manufacturing are suitable. These may
include laminating or applying a chemical coating or covering or depositing a film of suitable
material on the surface of the secondary parabolic reflector 126. The use of a specialized
material positioned next to the surface of the secondary reflector itself may also be utilized to

provide the required filtering. Other processes useable to achieve the desired reflective



refl ector could be constructed as outlined previously
in this paragraph. Details of the solar energy
woadi4assn spectrum and t he bandpass aspects oPCYAIS2@®BES25288

structures of the concentrating solar energy receiver
of the present disclosure will be described further in
conjunction with Figs. 4, 5 and 6. [0018] Referring
nowto Fig. 2A there is ilBlustrated an embodi rrent of
a concentrating solar energy receiver shown
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flector 202. The first franme nenber 208 is connected
solztraenargy receiver according to the present disclosure. The concentrating solar energy
receiver 200 of Fig. 2A includes a primary parabolic reflector 202 shown in cross section and
having a circular shape and a rim 232 which defines the circular outer perimeter of the primary
parabolic reflector 202. Also shown in Fig. 2A is a focal area 204 (or reception surface 204)
which represents the solar sensing surface of a conversion module 206. The primary parabolic
reflector 202 is as previously described in conjunction with Fig. 1A. The focal area 204 is as
previously described in Fig. 1A wherein the focal area 204 is offset with respect to the focal

point of the primary parabolic reflector as the near focal area 108 appears in Fig. 1A. In Fig.

2A, the focal area 204 represents the solar sensing portion of a conversion module 206. The



rotatabl e vertical post 214 at a pivoting joint 210
which permts the first frame nenber 208 to rock in a
woenddioasd3s pl ane about a horizontal axis so thaPCrhs2003/025288
primary parabolic reflector 202 may be positioned at
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a concentrating solar energy receiver 200 may be aimed directly at the sun and enabled to track

the sun as it proceeds across the sky during daylight hours.

[0020] One property of the concentrating solar energy receiver 200 illustrated in Fig. 2A is
that the center of gravity 220 of the movable portion of the system is located approximately
between the primary parabolic reflector 202 and the conversion module 206 near the principle

axis of the primary parabolic reflector 202 and approximately above the upward end of the



to contain the heat energy within a near field of the
sol ar energy portion of the thermal cycle engine to
woani4mizsst he amount of heat applied to the i npar/usto03/025288

the thermal cycle engine. [0021] Continuing with Fig.
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one of the principles of the present disclosure, that
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reflector 202 as well as reduces the available reflective surface area for use in receiving

sunlight.

[0022] Referring now to Fig. 2B, there is illustrated an alternate and preferred embodiment
of a concentrating solar energy receiver 240 according to the principles of the present
disclosure. In this embodiment, the primary parabolic reflector 242, shown in cross section and
having a circular rim 252 includes a secondary parabolic reflector 244 disposed along the

principle focal axis of the primary reflector and at the near focal area for reflecting radiant



the rim252 or, as shown in Fig. 2B, to the concave
side of the primary parabolic reflector 242. 1t wll
woeoappsssi at ed that the focal axis of the seceadaisy03/025288

reflector 244 lies along the focal axis of the

primary reflector in the enbodinent of FIG 2B, that

is, their principle axes are coincident. [0023] Wth

the distribution of nmassed5of the various conponents

of the concentrating solar energy receiver 240 as
energnmwnard a fétabare2 B46 (dreeasprioresurfiice gAa\an e surfice@hthegenter portion

approxi mately at_the enter of and j.ust hind th .
of ths PriaRYy REEFOONEITPHe Wt %f%%@%%‘ted?ﬂf? e ey botiogt O fh primary
parab&IRY he@br 2495 a%L Lo vEAfbnTRSRI B8 MiYh SicTiabd the &SladsBsing reception
supporting structure needed to support the

surf@en@ntroahieddn thelcanteepertigyn ofethei pramarg 4@rahedic pededtere242. The
for its novenent in bo%}h t he el eﬁ\{ati on

secopflry PerafAKC refietop attisioe R FYRPOLSH AP SEIE ?§€ wffigsdye atached to
the 1%1%122[§2§>£%l§ B%g%r% ?‘ﬁ:ﬁ g_tth RSk efi’né%(/e &dk of @k bﬂﬂmﬁﬁ&e}ﬁioﬁé‘}eﬂector 242,

p . vértical post 226 is controlled by
It wi?lryéca@p%@fata’@ﬂ tga’t@llltiﬁ flood] axixtod thex28ondaty refiedtar Zididivs atong thetfocal axis
e upper end of a vertically oriented statjonary bas
of tixgprintpRe reflestqroRahy eﬂ&&é@ﬂ%ﬁrﬂ?- g’é Bt etrel Clpﬁ‘é ‘ixes are
com?%@uﬂd' a building or other structure. Also attached
Phe rotating vertical post 226 is a vertica
control notor, which is a variable |Iength strut
controlled by a linear actuator or notor di sposed .
[0023] o With e dmmémttqmrf magssepaf gheofaripRecarapangpis &f fiefgpepntrating solar

strut. a [ i ded . ' .
eyt 00 b RS 58 PRSI GP b G Ay
cent@f bEMBubOfenad thh prisRPE prhclic lefecol 242. €Ttes Py atiecef thercenter of

240 is controlled by the horizontal control notor

grav2i3@24 considarablpeimphifieede suppgrtingstructarepsedsdig %@porﬂge gpppentrating

2B, th [ [ L. .
S AT —
direing(%sF] Ofﬂee&n@é!ntﬁa‘ﬁh% ablaf cRlr EE tcONECHA0NRIsGPpoated antie tef ofunrotating

the diagrans, but are readily available and known
vertiaal pest £8hs Relkting sdrtical pase22fr is.coptyotier bicpherizentah gonifal mrotor 228

o Ao LSRR O L B B T PR

basé D3 BHMENb&mEBNtel BAén hB@rdu@aPoRdideNessha stridtarec Grléd aitached to the
systemis maxi m zed and the size of the actuati

n
rotating vertigalchosti?2risa vertipal somtrolaagtor, h\&lécwﬂ@mbfl@featgstmt controlled
PCT/ US2003/ 025288 .. 16 i ncreasi erf .
by ¢ G g iohe” R sporstiGEaR BheBERgL HREGHE Ulispie oneth s
and!iB grdﬁ&’ecptt) cohf6l HE ERVERYoMAE 8BehGatirf JoRE teBErg 4ekeiver 240. The
readily permts the use of filtering elenents as
azimuth orientation of the concentrating solar energy receiver 240 is controlled by the
horizontal control motor 228. It will be appreciated that in both Figs. 2A and 2B, the
respective control motors for the vertical (elevation) and horizontal (azimuth) may be

controlled by suitable electronics which are not shown in the diagrams, but are readily available

and known to persons skilled in the art.

[0024] Continuing with Fig. 2B, it is apparent that locating the most massive components
together positions the center of gravity in such a way that the responsiveness of the control

system is maximized and the size of the actuating units and motors is minimized, thus -



descri bed herei nabove so that the adm ttance bandpass
of the reflecting portions of the concentrating solar
wenewgyssecei ver 240 is well matched to the CORCEMUS2MB/025288

bandpass of the conversion nodule 222 utilized

therein. This advantage is especially realized when

the conversion nodul e 222 enploys a solar cell array

of the triple junction sollar cells previously

descri bed. Matching of the light reflecting filtering
incréusthgglesformancenngrapemgitbscat of the aseoblidareguiredf Futeorthe use of

the SRORRUPAEbON HSHHE PROIHGE FWE TROTES T BBt Poite Slments as
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on t e surface of the Secondary parabolic
condefrh®ed e¥la2ddrgyoreceise 20 is petl mbichetitontat eohedrsion handyss of the

refl ector construction, or_the use of ch I
convstsiphanqdsly 282 jujidizerhiheraind  Thiy afvamiaggtis %,%S{;"Fa@ lieg]éﬁ‘%id \ghen the
mat.eri al
con{ IR LI SO FEL M S BB 1y 35BS viousy
desdiitle@CVREEhRYE dfhl% Jidhk teflectings ﬂﬂk@mgrahd abssopitivarpabseeties of the secondary
absor bed by the secondary parabolic reflector 244 may
refldstordid §ialpb¢ aagomplishednsingiiny QEEVEILRIOGESSEHE RANHTHEING including,
but Ecgrfl ge d #%12{16 tco rtbn%f'o‘% (]j)latgllé ok ﬂ%%c{sﬁcnl f%ﬁ?e?%r}/als on the surface

on-a ructure

of th@@é&‘ﬂ@aﬁyh@aratiﬂli%sﬂeﬂ@étbp D44f orhigxat oft firci@fiza@immaterials in the reflector
Alternatively a filtering el ement or function may

conapmnpmrﬂm use héchsniierd dopipa phibe raflect v materiak 012141211@@0{1 g filtering
rece urface 2 W, t C

55 B Rl B 05 e SRR SIE A, s s

whith f"s r@febféﬁrb)y tl@@hﬁb&hg Slefnht! &thlfﬁ'rw?sé%bsdrbed by ﬂh@%condary parabolic

appl ications, terlnglrm be applied to one or
reflexftort Hé mm@edmyam aeethe suﬁ@cemarﬁrﬂse sec@ifdagy:pasbodie zeﬂector 244.

d flector 244 and th
Furihgt i S eeP e Qo edrotie Rk S EREF 8 Hprove the
d1ssﬁ;?aft bR OF Ak at MRfeB6m| abeheaalad adliteghasRnRht @tﬁlﬁéncﬁql IHA}J tsd applied to

transm ssive material that reflects wavel engths to be
the @ppiamepambolmeﬂsebaz42e¢retpg§re regeRLfs Scblﬁfac% &G, aeith eiyegss heat energy

T A
typ1g:gﬂea?ghéa%ohk |fﬂt%hﬁ€hﬁ9 b@ﬁ‘pp’h'eﬂ@d Sieloe nﬁﬁ@@ﬂhaﬂﬂée s@ﬁlcﬁ.lhg the primary

ntratin ar“energy receiver of the present
refleétor Qé%,umonwyweﬂect@ewé@amté@l rmmonh@rfaaes?ééa pln @R alternate
of . Fi

B, 2A a that the
em‘é%ﬂ“é‘?‘%s%ﬁ%‘f@ Bty Rf 1068 pdoronay ?Scff% ‘i}ia?feglf‘ ro?tger similar
traﬂgﬁy%\}%eﬁﬁteh%ﬁta?%ﬂ%@tstﬁﬁ/e ?ﬁ‘ﬁ itPlh8 apylisd &f thelielapkehdray Yeception
ecto These enbodi nents are known as prime focus
surfaeé hietpasses thengh slosefvavélengtbeahichnvinot heraseived eyl wilized.
reflecting el ements along the principle axis of the
primary reflector. An alternate enbodi rent as shown

[002?1 Fi q{ef%ggfncb%& %o tHE é%@lle Eoﬂllﬁﬁtrgtéd) Bhtdieritd Beb&dighent of the

s in ordér to maintain
concentrating solar energy receiver of the present disclosure. It will be recalled from the

description of Figs. 1A, 1B, 2A and 2B that the focal areas or solar sensors or solar cells or
secondary reflectors have been located on the principle axis of the primary reflector. These
embodiments are known as prime focus reflectors because of the location of the sensing or
reflecting elements along the principle axis of the primary reflector. An alternate embodiment

as shown in Fig. 3 offsets the focal point from the principle axis in order to maintain the
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302 at a steeper angle with respect to the earth's
weunf4aass3sThis orientation prevents the accunBCatiSem3/025288
of debris and other precipitants or particulates. It
also allows noisture and contamnants to drain from
the reflective surface while the primary reflector 302
is collecting incident solldr radiation fromrelatively
hi gh el evation angles. The primary parabollc
pr1n’fa€5f te€lettor 3@D2 aftedpegangde W$th ad:swectsib dwmeaﬂrh ECSUG@SG SE@? i Gientation
i n a shape havi %‘6 12. . Sol ar ]:? lows
prevgmé e paydaiion of de pe el %ff PPN SHRRGChISST JLajso allo
mm&ﬁfer.latnd §9ﬁaﬂnﬂ f&d dﬁahﬁﬁgm"ﬂih reﬁgétﬁ%tsuff&feabh@exthé pMfasfteflector 302
al' so passes roug e center of the primry
is cpldgcahglihcdere fsbm tradiat3@? fromAseldiakbr Bightdievation angblse al’he primary

308, which represents the potenti al aos ion_of 312,
parabelieeflseiRs 12 Qfdiie. Aohalseghon g ATRss SehRn ﬁ%%m aghgpe fa¥hg arim

Sol gccﬂﬁgoglra\foqrg%rlnggﬁt?@s 36?3(3 & &Ht&c?ﬂok&%ﬁcptﬂe %%06 located along an
P pendiccl e oca axi s ut y In sone

offsaml:alcaatsl Wiish Bo @as'semthe@hgatthammmfmmmmaﬂquabohc reflector 302.
perpendi cular to the focal axis 310. ? , 1n the :

As heftyedherosel agew&% whwlrre@ressntﬁ Hhe potsmial P@éﬁ@ap ths sglaggRsor portion

of a§§€¥%§$€§% P e or SCCOIHS Cc?ch ﬁﬁf ﬁ'g%gﬁ¥ BP gnented %erBendicular to the

per pen ar to axi s

focdl AKS 300k hﬁpe@l som@@p@kaﬁars%e paEaBObi Mmgiealokiet than p8f@ndicular to
will tend not to accumul ate at nospheric reci |tat|on
the fagehazas 3G Howsvgswinohe gmkedimegh shawmiatig: f §eEﬁ9§ﬂS shown

Y I L S Rl

As s pdifioned) 'ﬂﬁﬁfﬁrhﬁtylpﬁﬁhb&% Bfle@OEI0QYwill 6Eine o a&furml’lete atmosphenc
pr esent di sclosuré. The princi ple conponents of th

pre@plmt@msngln asnl@lrg shew og g@pgs}om@@]@pmé (sugh@s gust OF gthst peﬁnculates) all

ma PO Si t

of gh%@r 3% E}g?ag,sl tgxg Slreée(ﬁ%r 8 endg]& ?%drlllcé\?vi tfx% %,&_)Hfa‘ﬁﬁé a&flClgncy of the

conéBrakiQP S8k dRef S rEdeer Bt bfésé‘}it disckbsureh E’hepmmlplh@uments of the
series of graphs representi n%gt he S ect rum conponents

conoéntrieg tsplan@gwgmrgcenm| 0i asrshawenig Hgi 3 myp be srRposted by similar
cat egor

vel engt hs 380
StruGURe ASt F%ibea ﬁéevb?lisﬁg COPEPCUORY c]ftfr11 g% §ée taiaje}sn 380
nanoneters and 750 nanoneters, the visible |ight
spectrum and for wavel engt hs Ionger t han 750
[0026]n oRefe vt navhe Fiprd, tlare ts shawh atseoes of gaenhs gepresopting the spectrum

anot her _axis 404 is resent ed ran
compuenis PEFlectiomaghgiict l?t?%ﬁf%@XﬁéﬁgﬁE‘%eé?gﬁ%%ofﬁgﬁﬁﬂfdewavele“gths
shof AR BI0Sn ML rOVRE L ARS 1618 sfebir88, BaiwRERI8OSNadbmeters and 750
el'ectromagneti c radi ation described above. On a third
nan@xieters, she eipibleskegttt epecttue, ded for veavelengtbs lqnlgér th@@ Vé@ nanometers, the

mfrrft%gll rgélﬁggn %?ecllgé@t ! Vg#é@%:agp%@qii%?estene’\@ the range &, sotlar radiation

extending from 225 nanometers to 3200 nanometers which overlaps the three categories of

electromagnetic radiation described above. On a third axis is represented the destination of the
solar radiation as it travels from the sun toward the earth. The range of 320 nanometers to 1100
nanometers along axis 406, which straddles the visible light spectrum as well as a portion of
the ultraviolet and infrared spectrums, includes approximately 4/5 of the sun’s energy that
reaches the earth Ultraviolet wavelengths shorter than 320 nanometers are absorbed in the

upper atmosphere as represented on axis 408. For infrared wavelengths longer than 1100



nanonmeters al ong axis 406, which straddles the visible
light spectrumas well as a portion of the
wokbwanssset and infrared spectrums, includes PCT/US2003/025288

approximately 4/5 of the sun's energy that reaches
the earth Utraviol et wavel engths shorter than 320
nanoneters are absorbed in the upper atnosphere as
represented on axis 408. H8r infrared wavel engths
| onger than 1100 WO 2004/ 015335 PCT/ US2003/ 025288 18

nanoanaseiéy 410 shovs thd Ohis leoevgy um@mlmm@i arhéepyatedsas it passes through

the R GORDAS JErEr) IPHE VBT OIE TF e D AoDgppgeters n
lengﬁlr £R3LBEorh AR h ﬁ‘l%oanB RELES egréséhted ek fhx@réﬁlza@ﬁpd&ﬁ& reach the

the atnosphere a epres nted al ong axis 412 and do
suﬁﬂﬁkﬁﬂ&&&hhthe surface of the earth. [0027] Conti nuing

with Fig. 4, an axis 414 represents the useful range
orlfonver5|on bandpass of the triple junction solar
for t
o0 RPN ik [0oERt AL RRA0 BEAGER) el dionverion

band}RABS BASE Bipld Rerction Bbﬁr JcH]fIlS:td)mammenﬂBZ/a@p]M@e isckwaral of the
cells extends from 350 nanoneters in the ne
embgfinens of die gr,ggquf, GiSFHOSHRSr o BN QOREERFI0H; tbqngpqtqs gq{tthe triple junction

n I-
BRSO T 2 REE e o it s
throE%lg thefvisibl¥ ﬁgkﬁ%@é’cﬁfm &6 tHeaump arsfsarabwcs-uesampprcadlmtely of 1600

e entire range wherein 4/5 of sun's energy reac
nanometersa Asliasbeieen Fom Figrh shigcoyssiantagApasn s cEs eswmtléﬁy the entire

I ange Wg% Flg 4{/ % %é gB{l ’g peégrgg/n eg'c%egE € ?%.L’&l faéllﬂgg c &‘h9§g ﬁ\';e‘f'élgn module

roxi na e radi ation

whif 0485 h€p18 jinctioh se1aredrss idegtribed Eéremtlg hlsle toycapture bipyeroximately 4/5
uses. Al'so shown in Fig. 4 is the approxi mate useful

of thieamdiatiof framthe smaﬂorpm\reﬁ%on M(F%H@Wgarr?@%m@h Algo shogirn Fig. 4

is thﬁgﬂ@%.ég%artgus(eﬁﬁ 6 f %é’plCﬁ r ep e inewh a%lséﬁgwn alongline416

to ekﬁﬁé Tron?a%@@oﬁﬁ‘lﬁfémﬁf anotnleterd ﬂhkm@ﬁ tmlﬂfﬁﬁtlapﬁdrwmgh ge to at least
he sol ar "energy reaching the surface of the earth

2300 inesorhestrne Erwillie appreeiatedghaisheola zoegy Aoaping the wiigoe of the earth
00 naponeters an reat

ies VBBt Hev 9 ey erraronr cond grad dfiers R0 i gregcer than the

ranéé' d)fgs]vi@vr%ls n?st'o@ Bokdién 6Dk Qy&ently 4vatlhisle piilé guirfceidn cells employed

It may al so be appreciated that, w de as
in thdmekr.rnd/@nb@ctmemanﬂ pmggﬂso(bf: apprecietad that, avidg asghg q.prw;r,swp@andpass

of ércgsg:ﬁ %g 7130 L3 plgge&né; n s?lﬁﬁ & 1}3 geé"ﬁgeyong&is if) technolo%}{ may extend

th1sI fh H%et bcely%ﬁ?d méﬁﬁreééﬁm‘fﬁﬁ@ k@@ EoReYNiEY of éheiéyem\fbﬁy elaeslgidiss shorter
te t han approxi mately 350 nm and/ or | onger than

thampmrommvmlg B§O mﬁmxdmnl\mgﬂr thapeppioximaiely 1600 nm would permit useful

conversion applications in locations at the earth’s surface or above the earth’s atmosphere such

as in space stations, satellites and the like.

[0028] The energy of the spectrum which lies outside the range of the triple junction cells,
that is, having wavelengths smaller than 350 nanometers or greater than 1600 nanometers,
represents unuseable or excess energy. This excess energy may cause a decrease in the
efficiency of the triple junction cells and thus represents energy that must be reduced, diverted

or otherwise dissipated. As described previously hereinabove, one way to reduce this excess



conversion applications in |ocations at the earth's
surface or above the earth's atnosphere such as in
weoepem®isi3at i ons, satellites and the |ike. [0028¢CT/Tis2003/025288

energy of the spectrum which lies outside the range of

the triple junction cells, that is, having

wavel engths smal |l er than 350 nanoneters or greater

than 1600 nanoneters, repPesents unuseabl e or excess

energy. This excess energy may cause a decrease in the
energyf i iefileardty Fof extaneplée, mifittecelpmantrarbegistd i caniimetierswith 2 secondary

represents ener
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i i ' HeRESbAR. Filtering may also
or it B B BHELBRATY AHTEOHER dQURHERTRIR, Filtering may
be appliedaf tiexpfiphe), parabilid esfleetoemendispuayd re aisemirate element of the
conjunction with a secondar arabolic reflector. The
concenfratiEs selas §Berey ﬁ%ﬁl"ﬁédlédl??fé]{heﬁ‘gnappl ied to the surface
of the reflector or it may be an integral property of
the reflector as descri bed herei nabove. Filtering nmay
[0029] S Refch@ngAniv fostg o, thekeis pilistmated apmapiudthecrelatifve guantumefficiency
di sposed as a separate el enment of the concen rath%
in pgotiversnethgyvaveleagihian nanayastes o theeligingt squygauuctor portions of the
. .Referring,now.to Fiqg, ereal.s. | t r
tipIf purciion s Yoy Ssrsed o b T e rbteridd cRin i GO present

disclrevanR! (BREtsBmiddnaaiemmbrEials Ghclidea dimmpoundtof gallium, indium and
sem conductor portions of the triple junctiaon, s

: ol ar
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phogma&ma ebRRSunCiBsivamgiRriaBeGale¥02 kx@als dpproxanaely feem 350 to 650

es

ignated by GaAs and the el ement germanium GCe. The )
nanoisetbrsl ' Bleatisefel gelativairmuentunt jegheignayafrnee off thfe gallium arsenide

al liumindi.um_ph hor ous co t -
se QAuGoy m@n%@t&g@?ﬁo&g ag%r&(gr)l(aﬂgl,gtgéﬁ ;1% (?1%’%%6%8 a{ﬂ@rogggately 900
nanORBRIELhSwn by ehditiduinersolatiing @sefubrldtive gubmtamesifiyiency range of

range of the gallium arsenide sem conductor material
the @xtmanisn{seonecndpetox inmeerialy a6 Blovia ki tbe dpted dine 506, extends from
approxj mately 900 angneters. a h t j V
ApPFAXB DU AEOREEF 10 08T Od?ﬁr]@%lyqu@r@tn%}r%@%%ﬁsé P@%‘%@J caf 5 Seen that

th R IESIRRi Y BRI GO BEHRH h fERHRItiple juRsio Bolancdlydescribed
e‘EQI{’Pem)Eilotted [T ne 506, extends from approxi mately 900

in Fign6neterds fram approxinatalyeB30 1enonetamdret@0snanpgigiers (which is in
can be _seen _that., .the gpproxi mte conposite
agr"c?é??\%?"’étgéhe BB A S the triple junction sol ar
cell described in Fig. 5 extends from approxi mately
350 nanoneters to 1600 nanoneters which is in )
[0030] Referring now to Fig. 6, there is illustrated a graph of the overall conversion

efficiency of the triple junction solar cells described hereinabove in percent versus the
concentration level of the solar radiation in units of suns, wherein one sun equals 0. 1368 watts
per centimeter squared (W/cm?). This level corresponds to the intensity of the direct solar
energy radiation at the earth’s surface of approximately 1 kW/m?. It can be seen from the solid
line 602 in the graph of Fig. 6 that the conversion efficiency of the triple junction solar cells
covers a broad range of solar energy concentration level exceeding 25% from a concentration
level of one sun to greater than 1000 suns with the peak occurring between approximately 100

and 600 suns.



agreement wth the illustration in Fig. 4. [0030]
Referring nowto Fig. 6, there is illustrated a graph
wofodsveswsseral | conversion efficiency of the PCTIS2003/025288
junction solar cells described herei nabove in percent
versus the concentration Ievel of the solar radiation
inunits of suns, wherein one sun equals 0.1368 watts
per centineter squared (We@nR). This |evel corresponds
to the intensity of the direct solar energy radiation
at tge earth's surface of approximately 1 kWnR. It
can_be seen fromthe sol] line 602 in th ra .
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solat gr?e%%%/ Ok @'{mﬁ: b Sth?tci‘ﬂ\ﬂ?factec?irpF&anr.a@@ﬁe Qfr 188 lcAkulations for
ener concentration l'evel exceeding 25% froma
desi&ANE 8RYPiedl icontentras) sobdr cpagy seireiven of thegiresent distlo@@ill now be

th th K ' [
descaiH SHDHSSD TN R TS 936 PEY A0 Ba BRI b 5Icch incident

[ 1 f erripg ' i Sti
B e
or f@T8EQ rdaCTI®L V&Ko Shath 8f Fico7Ahat syrhbaels tepatsentingvariaps dimensions

1A Sone of the calculations for designing at ic%l
whidowgbbr vsetliin heswlcatationer §he saelal Ferepsseith Q‘ep?rpégé\%tor 1ameter of
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the b o sense ot PRES gheBsedh B TRV OPEBARAL) furabolic
refldcftt! dBRLymb&SepiOdkntsahé akahcdfbhl thd PAmamhessbolie it fectcedenter to

rays may pass through either near focal area 708 or
the foaal fopd alongraguin?iple axis. s symbokT represang of fixe radivs f th spreular focal

e e e S A

pard®bliéli BABLEN afd thd FEcAT drBRRMIIPEY Boblat shgieh est previolitle described
S ol d represents the depth of a prinmary parabolic

herairzfbloget The sihkolsyreprsserts theptieterar isomiike ticalippiridoftheobpral area in
RS BRORRRUIE LR B8 85 ey o gpuon

the radius of the circular focal area. It wll be
appreci ated that, as this enbodinent is shown in
cross-section, both the peimitgnBparabolic reflector (1)
and the focal area will be circular shapes as

previ ously described hereinabove. The synbol x

Fur{hgg ;ﬁes S‘Qt@iloitwﬂgssg :o h%?r%ﬁpl{icér% Ie%tﬁ? iaslfggﬁegll t%yﬁgé {)htrtﬁo:]f??:) thpractice, this

rati@¥odild A48 14 BE ibeRleRf app@RendeRr @25 8hdl ©dnbydel hepreserve the ease of
equation: x=r/tare }()1) Further, the "shall owness" of

marufpanabe| Moreefereust opraccayimasier.oy iy mech atsies tp Aghricpts, finish, and
ract]j [

trangport shzﬁﬁ)’w t(tmltsis, low f/D ratio) prime focus parabolic reflectors. The radius 1 is

determined from the amount of surface area of the reception area part of the conversion module

i.e., the diameter of the solar cell array, that is required to provide the desired electrical output.

[0032] To determine the approximate primary parabolic reflector diameter, it is noted that
solar insolation, that is the power of the incoming sunlight per unit area, reaching the surface
of the earth is approximately 1 kilowatt per square meter (1kW/m?) or 100 miliwatts per square
centimeter (100 mW/cm?). The efficiency of the solar to electrical conversion element is also
a primary determining factor in the diameter of the reflector required. In this example, the

efficiency is taken from Fig. 6 as will be described. The diameter of the primary parabolic



ratio woul d need to be between approxi mtely 0.25 and
1.0 in order to preserve the ease of manufacturing.
woOhoEoNE3s as a practical matter, it is much eB6TAIS2106/025288
fabricate, finish, and transport shallow (that is,
low f/D ratio) prinme focus parabolic reflectors. The
radius r is determ ned fromthe anmount of surface
area of the reception aredlpart of the conversion
nodule i.e., the dianeter of the solar cell array,
refletfoatar se catquited rotrothp fadlovdeg tdlgiadelsipr ed el ectri cal
output. [0032] To determ ne the approximate primary
parabolic reflector dianmeter, it is noted that solar
insolation, that ig_t om ng sunlig
per unit area, rea F%\/E@essll)r/fgc'ég)gf”t he earth |sr&)
approximately 1 kilowatt per square neter (11kWm -)
or 100 mliwatts per square centineter (100 mv cn) .

wheéh g’nagtgel é:llgcﬁ:]gg d)%]:zvgg gﬁpﬁtgllpalrlﬁgf JélrelﬂfCtarﬁtb Cflg Ctﬁeg ?ﬁ/;?eré)‘gi{r}%% value for
sola.fl E]r%gfa'ﬁ #1 Bht qupﬂrg)tlhﬁ ﬁ%(r oﬂlm 56d-thé %réa%ﬁth@?ﬁ%vﬁ cast by the

iciency1s ta mFig. 6 as will
conitesion inetile; Theis dharddmdeterobf tﬁeeppmargapyrapalncamﬂqctprv\@ld E is the
2004/ 015335 PCT/ US2003/ 02528 21 reflector can be
conyeagien picEACY PHICCRBYSHPT BYICHE: r el at i onshi p: D=2

((PI1)/E+S) 12z (2) where: P is the electrical power
output required in kilowatts; | is the approximte
[0()386_.lI UR thfiext S@pat wilnbel@dingned tvhattfota 13 mquuatl €onyiriple junction
1kWnR; S is the area of the shadow cast

solag erHsersed ana aentigrsion modwe Hee fard pEaainddis el b?%an&r%?teﬂmned by
notlgg fhe C?eghlglcglegplefg HBfion ?&dtrglé ?ur{cgglp esSQF\égﬂsc" @:ar e%(ample from the

e conversi-on® no

marfh@acturst €@ath tmaimmbimbegficledt@urpun esh behaitaihatwith an mz&erusﬁy range of 200
required for triple junction solar ceIIs useq
to 58¢ rswesragﬂ epciabogithe celihwith g saletyapargindid Ptsgnsr‘éi darqdlgggp output

be det by, e c 1
of apglioxgrp?ﬁ eﬂ‘]e aﬁc i 8ﬁgxtse%{8grtljiegfqlz%x C%h%ir:a exarrp td ‘!%‘%‘r%%)allrtné)g]n glectrica
outplR e 86 lIbRaitS feak anpRpdiviting €860 siagnby od #Wpiatn® ghiskeresult of 97

obtained with an intensity range of 200, to 500 su

squamdensjrastensi Aus. A& celis, pashiaving an geeeef | cragrki t&treﬁwﬁ and would
takgwpgw lfgpgr %%fl{a elﬁ@t}s glF aQ Hng rr?efter‘b3l pﬁé&lﬁé’sﬂﬂé el aile square and must

rce arra

be GSARS RERAN ElcRk hicdathe oQHﬁanlfbcaﬂ)fareh ra@ﬂeldl fomﬂlmrmnfftmn of the cell
exanpl e, dividing 1, 360 watts by 14 WcnR yie
arrayed bt sleghtly Targes puaprsoxigntalykdQsqgare pertinetor (Ue?ff %m d’éak?FPf) This

atl SF%IEIQ n‘{J‘[Be gﬁ“éﬁa@éﬂ 8?"‘103%%2 rgggo Uﬁ%lt FE&@HH&J cea(éls&{]gy Mfﬁlvda plurality of
squaRNiripTELBEFon JBAS A4S &n 4R MG adirEulataras QllBﬁ&Qulmlﬁtlrcle having an

area slightly larger than 97 square centimeters.

[0034] We have previously observed from Fig. 6 that the typical conversion efficiency of a
triple junction solar cell array in the presence of 400 to 500 suns of insolation is slightly above
30%. Moreover, the shadow that the conversion module will cast will be approximately 100
cm?® Plugging these values into equation (2), the diameter of the primary parabolic reflector
will then be: D=2.4 meters. To determine where to position the focal area for a shallowness

ratio, /D of 0.75, we multiply the /D ratio of 0.75 times 2.4 meters and find that the focal



be fit into a roughly circular area, the overall foca

area required for illumnation of the cell array wll
woeowoisiss| y | arger or approxi mately 100 squar 8CT/US2003/025288

centinmeters (11.28 cmdianeter). This arises fromthe

fact that in practice, geonetric incongruities caused

by fitting a plurality of square, triple junction

cells into an array form 28 a circular area w |

require a circle having an area slightly larger than

poind % KB uwatas en iherketes of {ho Q)M}ary\saﬂeawe alomgvhopggjple axis. At this
observed from Fi

6 th
LN T —
equatt#z&g ﬁrtlﬁ‘qﬁ' ab %@et ta430 GFURS £ ﬁ{_) 'afb%ofr@itn' @8 tb§al point, is 5.64

ove reover, shadow t hat the
centBAGWSI Thaw)immbibdesigniek implast trl‘plel jindtienaplar cell imatcgicylad @y having
cn2. Plugging these val ues_ into equat

an aga HbO@ pAUSTe GETISFITER PSDUHAB HHErY B@F@g%?he%ﬂm“’t%@ﬂ overall
dlar?eg%rﬁ%zﬁmete e [o%ate-ﬁr ]?rokﬁ“ﬁa{f%l?g mgﬁtﬁn%tggﬁgﬁhﬁd' tH@pﬁrﬂﬁry reflector

or a s Wwness” “ratlo

fronmﬂetfd)cml Yoihh Enfthdhlferddi@e efnbOdifient, usiag azoﬂvdmbmmda]n dbcated at the
find that the focal WD 2004/015335 PCT/USZOOB/OZS%&
centep op dhh pnmgmpeah@t%feileﬁtpb rthishie asenihercogect PRSIt ffpp pecondary

h
parspflic Geplor BuPAF et EbBiofirdg 1 ke o ! 0

Then, it can be det erm ned fron1 equation 1 that the
val ue x, the distance of the focal area fromthe fqca
[0035i nt Refestit 6aw toeFigi 7Bt dhese isThllsirated 2 ﬁrcsswe%ticglﬁl diagram of a

concéqnltrggng]%ﬁlrﬁaerggﬁe g{,vgggcg::og %%t%l Igelrjpggs%ncgﬁ 0&11’? ngragﬂ fa@ﬁnatlon of the
emﬂéﬁﬁnéﬂttllﬁlls@raféﬁ'lﬁ@@’ 1RakRREhitke doRivbiivh@hodidey/iot@ wed employs a solar
overall diameter of 2.4 meters is |ocated

sensgyp pamet imthe hdcytlén mh@mfcpcaha:re& A pomarypardhelip Feflegtoyis shown at 702

reflecto f e f.oc ol Ihe t
for G SORE O TG ST e S et 1 T SR b e imdicaed
by ’F%@ﬂhﬁ{ Hfthet fA8aIRJoiATEI0G 2Ra ‘T@)ﬂ@r lafonk @d @8h&d lindshb @ sblr sensor panel
so t e correct position of a secondary parabolic

located 4t ¢l sitioawf fayabarcd Atfevhich sfalseipewni frem diedesaripign hereinabove

o GETHBEL SR SEO0TBL TR SRR gl I tnccc

Wltﬁﬁrb%tsﬁlgtﬁgg T3 15180 S dYdds @k Rn¥Bhs WhRkAleAtdnd YePorid e reception
present disclosure that is a variation of the

surfanbofl thmiarlsblhs@sﬂﬂ&taedi ciciofé e spsRcibYcsnhe prda sensor 710 and the

conver.sj on eto e used. sol.ar.
Pla’%f‘a‘?Pé‘IthWgtﬂPFe g]c%&lPto‘ﬁ 6 1% Adig Fﬂ@%%gﬂaths PHgcipl axrls Ofrthe primary
rele@cF) rkfaoftlkl‘ﬁgte%enh%n SRQVMRs & aflPtire 768 whRA &d jikiNGrge enough for
sol ar Iation along 1 ncident ray 704 which is
the Ifﬁidc&mltrey‘s fabronige pArebqiatrfléatati TOatte dass blyrouglmherapgugh intaghe space

w1t]fél(r)1§gq|: Qggsglg%ggﬁ?ogﬁd é lsjcglgrhs%gsoa%lﬂag I‘ct Whﬁl Sbhseegveliltﬁa%%het Reat energy
contained in the radiation that enters the housing area will tend to be contained therein and
contribute to the incidence of solar energy into the input heat exchanger of the thermal cycle
engine within the housing 728. As was mentioned hereinabove, the thermal cycle engine
includes a mechanical coupling from the output of the thermal cycle engine to an electric

generator.



| ocated at the position of focal area 710 which is
al so known fromthe description herei nabove as the
woanosfoosxdb area. Coupled with the sol ar sensor PCLAS2®3/a25288

thermal cycle engine enclosed wthin a housing 728.

The housi ng i ncl udes extensions which extend beyond

the reception surface of the solar sensor 710 and

encl ose the space between 23he sol ar sensor 710 and the

pl ane containing the focal point which is at right
[0036hg] eOther fdueurpy inmyi pé enenrperatsll irhéhepspasifioy implsieatation of the

702. .The housi ng extensi oH i ncl ud(ﬁs an api:rture 7§6th .
conggRirating §olat SPerg reReveR St dhe PEsentt FECIPWFT- o FOE §* PP, the primary
1:6:flelzclE09-n{nt D ofnaP ?%llfti%n rétfth Sh@iurf QRayt RcRAS Dnb F WG 1Hohiing rod or

apefture into e space wthin tthe housing in front
arre§tingtde@icsologre ®anBghtning@amhpe withd rebevab Tée vetbctonaandthereception

heat energ contained jn the radjation that enter .
surfages DSBS IHE BPISIECHIT FOXBRA0 TSR AXISHP P AR TIOREH &0 6] laggflective

ontri i NG f i nt e
L N
partWulAiésNdétiss dilisdritgniéABnanfsbyasovaeingicviedn hail endathey ebjects by a

the thermal cycle engine includes a nmechanical -
scrego Giatimgy b dixed 19e UéQMab]&t Decessnay PRBGIPRF deﬁ%qt%rs SR b utilized to

. to. an electric e r
iSSP s SISl P oty sotroners
may BE WoR&ted @6l ai dorich@rapeciolircerierg) aueivtabl dre festitedisclosure for
concentrating solar energy receiver of the present )
appli¢asion¢sether UsEpr cCOR¥aTHPB Lo qthes femsaging adyapfgeppgfnplgpentation may
SQ ot her portion of the r r '
colF T R RRHBR et B B B R IS g ol
such haRiRlsHehybRTBARTy t@néftetet €S ethMbcatibhicorsalittatisOAS salmtkensing and
the reception surfaces may include a protective
enexgyataragy technobgias devslppiatieeinveorirnsof thesaler peiagion spretrum may be

reflective surfaces or sol sensi .
col G 564 B erag AESP bR Ry phaRRs. Fooxampie, v
ultrBViBlet Rlab@lbh@hs, thORIWaveidnatiRSshof@bihiug 380 n@hdiBéters may be received,
contami nants by a covering or fromhail and other

collettieé endsapiplied to industraal of $ragntifisprasesses @ veratiny ghihe basic principles
ccessory panels qr deflectors na Jool_I .
of s Fennia e Ranar i et Bt 2 S Ror EgthbiiBE e 1byiong sbove the
earttft imod pheRl WiRire @%ATBALSs abDO¢ Ad LRIAY ¥ visiBRYspeetrum of solar radiation
coll ected in a concentrating solar energy receiver of
are thaffeptaisgnabsdiptioh os ather atganuatigif theit ingensitissot her uses
or conversion to other fornms. One advant ageous
i npl enentation may collect heat energy for heating
wat &Y o0t prekdrfldl BSboARAS hAY bRéAERSibediaat detail, it should be
transtferred to such materials may be readily

undersiorshihat eatidus cbarges, Jubstitifiorssandralistations canebe mage dhsirgip without

dep%?t{]nsgl tjgogm ?}?edspirit and scope of the invention as defined by the appended claims.



energy storage technol ogi es devel op, selective
portions of the solar radiation spectrum may be
woabd4masss and converted, processed or stored POT/US2003/025288

variety of applications. For exanple, the ultraviolet

wavel engt hs, those wavel engths shorter than 380

nanoneters may be received, collected and applied to

i ndustrial or scientific @BAocesses. O, variations of

the basic principles of the present disclosure may be
WHAdaIS8 €1 AIMERAISpt i on of solar radiation at |ocations

above the earth's atnosphere where wavel engt hs above

and bel ow the visible spectrumof solar radiation are

unaffected b i LQpo-0f their

intensi?ies.%ﬂﬁgﬁgﬁgﬁhgE38£?§%§f$§%bgﬁggg?%§ﬁ% has

been descri begrinmrygpirabdlic reflechichavihgrecentanded s thighoreflectivity

t hat various changes, substitutions and alterations,.

c a AUIkce PRdConRRvest e %S@Hﬁﬁﬁhect%% VG & 1ogRh ?‘F?ee"g‘iﬂdﬂgt from

1S S5 o g YA B0 D e
CL At MEDptilarylparfodlienefettorabndig sol ar energy recei ver,

conprising: a primary parabolic reflector having ) .
center and aahﬁgweﬁéﬂléEFWVib?“n%dfﬁﬁ@guﬂhsﬁﬁgﬁh@gﬁ§"‘Smd

side of saigd ref . i:na.: i ot d
o et ok B oM AR Byaladings gpnce
saidgkpbedd t6 @é&fve@‘%’ew&ﬁﬁﬂ@i drbgsosggtiorpoff radiaht qphirreherg$ reflected
said primary parabolic reflector; and a conversion

nodneshid epnegvaside ebsid BAMALH paseROliGAEISIN- sai d
reception surface- is spaced fromsaid focal point by
a predeterm ned di stance and disposed to receive a

pr edet enri nedherresdvaastdlain of whadinanid pamary paasdiy reflector
reflected from said concave side of said prina

. C e si . ry
parcatnpkises arefi¢asiye prrabolic qupéigpeatien ok material sgisgied from the group

r e Epttinat PR P BRE A Bl Gl SongPUE. a sFRTRICRERc fnd any
selaipssitd sranitheatdh @ thes€ONsi sting of a netal, a

polymer, a fiberglass conposite, a glass, a ceramc
and any conposite or conbination of these. 3. The

recei ver, of aim 2 i n,sai ri '
; t

reflect ot cglﬁ?rﬁegeégerﬁedg%ﬂ] |2h§/thgre e%a?%g)énv\%g}y r g‘!)rr(% h;éarlegec ot

Pr i REIRisEs Aouflineswhartieded froMshidprigeiplénxis, selected from the group

consisting of circular, oval, elliptical, rectangular and any regular polygon or other

closed plane figure.

4. The receiver of Claim 1, wherein said high reflectivity surface reflects

substantially all wavelengths of solar energy radiation incident thereupon.

5. The receiver of Claim 1, wherein said high reflectivity surface reflects
a select portion of substantially all wavelengths of solar energy radiation incident

thereupon.

6. The receiver of Claim 5 wherein said select portion of said

wavelengths comprises at least substantially all wavelengths in the range of 380



consisting of circular, oval, elliptical, rectangul ar
and any regul ar polygon or other closed plane figure.
wa 2000vaes33ecei ver of C aim 1, wherein said hi ghPCT/US2003/025288
reflectivity surface reflects substantially al
wavel engt hs of sol ar energy radiation incident
t hereupon. 5. The receiver of Caim1l, wherein said
high reflectivity surface2beflects a select portion
of substantially all wavel engths of sol ar energy
r agdhinieders tnti0heamometdrer eupon. 6. The recei ver of
Claim5 wherein said select portion of said
wavel engt hs conprises at |east substantially all
wavel engt hs k. the..ran : 0 0, i i
horT Us203; 0 Bsgaceiid g HiunPE WRGRAAELORED portion of said
TheyaveleRitietompriseh at taast subtiangilly shivdveledglot inptbe trange of 350
of said wavel engths conprises at |east substantially
al nangnaEes hyL¢Q) nanomkEeTt-ange of 350 nanoneters to
1600 nanoneters. 8. The receiver of Caim1l, wherein
said primary parabolic reflector conprises neans for
di ssi pagi ng madirasivet € CIMmM whertia saial prirafdyeeiratelibyeflector
said primary parabolic ref|lector. 9. The receiyver of )
O abmpiisest meanseior sloswipetisg Aytiantt engrgy Phichsspipbredlepd by said

sai d primar arabolic reflector with respect to the
eaPpﬂPaQﬁBarﬁ%qlgsrﬁ@%cg?rti ng said primary parabolic
refl ector and said conversion nodul e together in an

assenbly having a predeterm ned relationship. 10. The |
recei ve®. of @haireneter @f Etadmnl, Sether compesipg pprameder supporting

base nmount ed i fixed relationshi ' - .
1 ree Tise ol EERE M SARAT B Belabi shltFoSRbpbiing sic
r ef gtk Pha@bélic Rflebtof @AY 4i8 icofverEidn Infodule ®@kther in an assembly
predeterm ned rel ationship; 5 a second nenber attached

t 0 hewing agsedetdsiynedirdlatipeshiibl e for  provi di ng azi nut hal
orientation of said assenbly;

10. The receiver of Claim 9, wherein said frame comprises:
a base mounted in a fixed relationship with the earth;
a first member for supporting said primary parabolic reflector and
said conversion module in said predetermined relationship;
a second member attached to said assembly and operable for
providing azimuthal orientation of said assembly;
a third member attached to said second member and to said assembly

and operable for providing elevation orientation of said assembly.

11.  The receiver of Claim 10, wherein said frame further comprises:
a motor drive assembly in each said second and third member for
providing said orientation; and

a control system for controlling each said motor drive assembly.

12. The receiver of Claim 1, wherein said conversion module comprises:

means for converting solar energy to electric energy; and



a third nenber attached to said second nenber and to

said assenbly and operable for providing el evation
wonrpamisasson of said assenbly. 11. The recei vePC0fUS2003/025288

Cl aim 10, wherein said frame further conprises: a

notor drive assenbly in each said second and third

menber for providing said orientation; and a control

systemfor controlling eagh said notor drive assenbly.

12. The receiver of Claim1l, wherein said conversion

modul e conpr aselar enenpyaseasdr@puploth wathtsaisgmearis 41 eonEeGRe;

to electric energy;

) WO 2004/ 015 . }
PCT/ US2003/ 0359881 Sf’%gs%g“%?fﬂ st ‘&é‘%g_%%sﬁbq’f%%ﬁ’b’f‘ ggface and
Wi £ By f’e%%@ti(ﬂ?mcé Fércgglﬁgﬁ(ﬁﬂtél's rﬁg)'lane‘@hﬁﬁ@é for %bﬂ'h%g)igl@iﬂent solar

energy sensor 1 ncludes~sal ception surface an
sakgbrgethepiupon surface is configured as a pl ane

surface for receiving incident solar energy

t hereupon. 13. The receiver of Claim1l, wherein said
convershon miﬂg | & PRY b Claftn 1! %Fx%iﬂ O 88HveAES module having a
conpri ses a planar array of ‘at [east one photovoltaic

sokqepted burfabebeipfisacplasai aragelf|at iesdorsppsgal daishsolar cell

that 1ts solar energy incident surface forps, part_of.

s amhereist eashisoi collng digroscd auchrHl 1Sl gasrEy foief Hripse forms

wherei p sai d phot aic solar cell conprises a

seﬁfngffﬂﬁad@f%:reg%%nvslq%éké'l& The receiver of daim 14,

wherei n said sem conductor device conprises a triple

junction solar cell formed of germanjum, .

gal | i umldr serfihgereggiver efalClainn F.nwhersingprid ghgraysltaic solar cell
" senm conduct or .matderti a esvice16' The receiver of Caim13,

wh&PEPHSE 4 FPROTEVEI {81C sol ar cell  provides a

conver si on bandpass substantially throughout the range

of 350 nanoneters to 1600 nanoneters. 17. The .

recei verlSof (hai recaiverwa/@aim d4i gvhesin svid semicppdictor device

gﬁ\élf)ﬂ]gn%%f‘va{ ﬁ;‘é)‘f tu%gtg Dot a]:r.a(l:%ﬁ f?x%%r%fséegmgmhﬂf %Eﬁﬂhmgéfgérﬁde and

input coupl
gallium-indium-phosphorus semiconductor materials.

16. The receiver of Claim 13, wherein said photovoltaic solar cell
provides a conversion bandpass substantially throughout the range of 350

nanometers to 1600 nanometers.

17.  The receiver of Claim 1, wherein said conversion module having a
reception surface comprises a thermal cycle engine having a thermal input coupled

to said reception surface and a mechanical output coupled to an electric generator.

18. The receiver of Claim 17, wherein said thermal cycle engine is a

Stirling engine.

19.  Thereceiver of Claim 1, further configured to selectively admit said
radiant solar energy to said conversion module such that an admittance bandpass of

said receiver to said radiant solar energy substantially matches a conversion



to said reception surface and a nechani cal out put

coupled to an electric generator. 18. The receiver of
wahkei4rmi 4335 wherein said thermal cycle engi ne i BC&US2003/025288

Stirling engine. 19. The receiver of Caim1, further

configured to selectively admt said radiant solar

energy to said conversion nodule such that an

adm ttance bandpass of s&Td receiver to said radiant

sol ar energy substantially nmatches a conversi on WO

2064045 3B 5aiRCOHNITAON BI0dAB288 27 bandpass of said

conversion nodule. 20. The receiver of Caim19,

wherein said adm ttance bandpass of said receiver is

provi deg, by %ﬁé%a@% ai F@We&&n Eﬁﬁh&ﬂt&hoéwnﬁb@srs of said

conprising a t or all'ow ng reflection of

Vapetioagis heowiiddbnsas@pdmagrpaertteiio reflrarmt ;ﬁaslm obmpgpidg a filter
conver si on nodul e and i npeding refle gtlo

wafos| ableying resleckon of saveleRahy, BTy FAl 88’&\5?5%{9‘% bagdpassrf said

f
cobart Rl apg e bR Eed g ROl Fpld el ST R Bnrsion

sabghd%gsmary parabolic reflector for inpeding said
reflection of wavel engths outside said conversion
bandpass. 22. The receiver of O aim 20, wherein said

or oup cahsi srRETer 3R PG NEERP FAFRLE omfiy SEoverng

group C m na rrater|

Sabﬁphéde{& £64 Qligh £RGEGA étitfad@ f I’sgldapﬁllnatysmmifolsaleﬂector for
refl'ector, adding a filter element to said reflector

an unmng/m@reﬂecm phgaveiangiisautsids i ePIVErsBcIapAPase s,
The receiver of Claim 20, wherein said filter
conprises a sheet of filtering material supported

bet ween psai d TiheGBedi®Rirlof @laidi 20, wheréiaaaidodoveanglisppronided by a
parabolic reflector and said reception surface of said

coqpvcmess @ﬂﬁcﬂmﬂﬁbm the groupirensisiing ¢ ypating 4 mtq_rgnatenal to said

\cl:\gﬁéff “g‘ @ﬂ 3{%8%%@ rngs oolfé%drr&iqcech%\r/dﬂ%/ élberr]plement to said
al |r9f‘ﬂ§t(§1%§1!i &pplyafy Loa ﬂgg plaenid! fosSsaidietlbétor. sai d

conversion bandpass and i npedes refl ection of
wavel engt hs outside said conversion bandpass.

23. The receiver of Claim 20, wherein said filter comprises a sheet of
filtering material supported between said high reflectivity surface of said primary

parabolic reflector and said reception surface of said conversion module.

24.  The receiver of Claim 19, wherein said primary parabolic reflector
js configured such that said high reflectivity surface allows reflection of wavelengths
within said conversion bandpass and impedes reflection of wavelengths outside said

conversion bandpass.
25. A concentrating solar energy receiver, comprising:
a primary parabolic reflector having a center and a high reflectivity

surface on a concave side of said reflector and having a first focal axis extending

from said center of said concave side of said reflector and passing through a focal
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25. A concentrating sol ar energy receiver, conprising:
a primary parabolic reflector having a center and a

waigl/nefBsecti vity surface on a concave si de sETR&ER@3/025288

refl ector and having a first focal axis extending
fromsaid center of said concave side of said
reflector and passing through a focal WO 2004/ 015335
PCT/ US2003/ 025288 28 poi 88 of said prinmary parabolic
reflector; a secondary parabolic reflector having a

s epaintoff sathprimadypasdbofo edlecmkiong said first focal

axis, and disposed with a_co i de havin

r ef | ecti vi t y2 seqpnflayparabotif %&F%%W@MCQ Cg]fég% $iljpned
lﬂgﬁé %aif s@ﬁ?%lai &id Ghd &?#&Ed @fﬁﬂ a%Bﬁ‘s%%‘(@uferlﬁmn% adfdtdeflectivity
oca p0|n sai d rst focal axis by a

IO r agedce lfmm(tbo&tmeie of said pafriaacpanra’ug)hc r@sfthcam endsplaggd from

energéreflectedfromsald pri ar ap

r eaidgacal pointralangsarddieifar! gxis pup %A 190} enp%g distngs- forgeflecting
;ﬁg& £k B9 drlef rgltleczgt? o sbﬂﬁ%aﬁ’?gﬁ%li&eﬂ&ft&e&tngstantmlly

COHVGTSI ception surfac

WheaRI181 18 @wafdEs efittaDporsion foﬁmd pﬁmaqsparatmhledeﬂﬁtomtgand
said first focal axis within said central portion

of said primar Ww&%mm@%hweg o TegRRten SPida (@dwthSrem said
Sgg%ﬁétgci)@saul ace [ %%0?1% n ‘lldgﬁc‘% seaﬁ]c?fn% foc%.lh i SGHiGH s&ﬁ%&?t?ﬁbgmon

Ircre e recelrver

Cl 3t 5ai@ primhaFaeAtdlis adftbcfur ianddiypgsad abrebeive sad Faitdndsolar energy
conprises a reflective parabolic configuration of a
mateftdcead foun eaid secondaimRarpbole BE§C%Eonsi sting of a

netal, a polyner, a fiberglass conposite, a glass, a
ceram' c and any conposite or conbination of these.

27. The JgeceimiirediverloRIORIAHG5, Whetsdh Said prichapy parasotic reflector
parabolic reflector conprises an outline, when viewed
f r compeses appﬂmvp perabsliscongigpwEprat 3 maierigkislegiegdom the group

t |
cnaony e dradial, Pyl s coBpb &Ry ol 5 5 Sind any
28.cofdp8sites@onMinsdlon Gf @ege.25, wherein sai d hi gh

reflectivity surface reflects substantially all
wavel engt hs of sol ar energy radiation incident

t her eup The re v.er , of ai m. . ' ' ¢
hi gh refi’ect ?@T trffceé\(ﬁrfog%éalg} 260, Whgrenll B%?i%m%’}? f)ﬁjaﬂolﬁ%ﬂec or
comptises an outline, when viewed from said principle axis, selected from the group
consisting of circular, oval, elliptical, rectangular and any regular polygon or other

closed plane figure.

28. The receiver of Claim 25, wherein said high reflectivity surface

reflects substantially all wavelengths of solar energy radiation incident thereupon.

29, The receiver of Claim 25, wherein said high reflectivity surface of
said primary parabolic reflector reflects a select portion of substantially all

wavelengths of solar energy radiation incident thereupon.

30. The receiver of Claim 29 wherein said select portion of said

wavelengths comprises at least substantially all wavelengths in the range of 380



said primary parabolic reflector reflects a sel ect

portion of substantially all wavel engths of solar
wenewgysa3adi ati on i nci dent thereupon. 30. The PeETRIS®B/025288

of Claim29 wherein said select portion of said

wavel engt hs conprises at | east substantially al

wavel engths in the range of 380 WD 2004/ 015335

PCT/ US2003/ 025288 29 nand%eters to 750 nanoneters.

31. The receiver of Caim?29, wherein said select

pondnonetar$ teeHiOthaneaetrengt hs conpri ses at | east

substantially all wavel engths in the range of 350

nanonmeters to 1600 nanoneters. 32. The receiver of

dai m 2§ whepeiy ?b SR EIARI Y0 PREGRR bdid refecepbAion of said

conprlses means |SS|pat|ng radi ant energy which

i swandlenicghd entymikebyt Fabtdsubptantivdlyyalparediaigties methe eangerof 350

33. The recejiver of C aim25, wherein said primary

paflwqtféfsltcéﬁoé)d%a@PmeFe{ﬁther conprises a frame for

supporting said primary parabolic reflector with

respect to the earth and for supporting said prinmary

par abol Bg. r efTheedceivenofiChanAS, whemia‘r s primegpagabolic reflector

together in an assenbl¥ havij n predet er.m ned

r eFempiies nepns fon dispipating g ren5$gydv ﬁcﬁw ig 310t \fflgcgnd,by said

said frame a base mounted in a fixed
repgﬁagln%aﬁabo(ﬂ%%%&?ﬁe earth; a first nenber for

supporting sald primary parabolic reflector and said

conversion nodule in said predeterm ned rel ati onshi p;
5 a secddd mamberceter oF FEINS, ¥hPRFILEE REMPIY pr§abolic réflector

as E‘é‘ﬂﬁr?} gng)hts%s ?gye{ngéng%r &é@@ﬁ%gasgﬁ)gﬁﬁg{ygﬁésrgt&%% dreﬁ@étgr with

e rBEctandhd Sarfinhstl RS SApring aid pejperipaeabblic reflector and said
providing elevation orientation of said assenbl

.. 35. .
Theonwsesow srodule togeihaninan aweabbi nving %@?%{ﬁ%fﬂpﬁfy teftionship.
conprises: a notor drive assenbly in each said second
and third nmenber for providing said orientation; and
34.  The receiver of Claim 33, wherein said frame comprises:

a base mounted in a fixed relationship with the earth;

a first meﬁlber for supporting said primary parabolic reflector and
said conversion module in said predetermined relationship;

a second member attached to said assembly and operable for
providing azimuthal orientation of said assembly;

a third member attached to said second member and to said assembly

and operable for providing elevation orientation of said assembly.

35.  The receiver of Claim 34, wherein said frame further comprises:
a motor drive assembly in each said second and third member for
providing said orientation; and

a control system for controlling each said motor drive assembly.

36.  Thereceiver of Claim 25, wherein said secondary parabolic reflector

comprises a reflective parabolic configuration of a material selected from the group



a control systemfor controlling each said notor drive

assenbly. 36. The receiver of Caim?25, wherein said
weeowmrdsa3y parabolic reflector conprises a rePCeaiS2ons/025288

parabolic configuration of a material selected from

t he group WO 2004/ 015335 PCT/ US2003/ 025288 30

consisting of a netal, a polyner, a fiberglass

conposite, a glass, a ceraldc and any conposite or

conbi nati on of these. 37. The receiver of Caim 36,

wheesistingifc eteh ngalymeparfiipoglass qoafposiss, arglasecrgsramgie gnd any

an outline, when vie fromsaid second focal axis,

seF%@H%ﬁ“??%ﬁ?ﬁ%%mKﬁﬁg S%onsi sting of circular, oval

elliptical, rectangular and any regul ar pol ygon or

ot her closed plane figure. 38. The receiver of Caim

25, wher®i.n SBhedetdign of €l 36] whdrginsaidfseaondarfy paghplic reflector

Z|e rc%%g%%gétﬁ rcl)clo icw éﬁ’%"?e%éfgép rﬁglfdlrsg%%nzlttfogﬁ Sa%&ﬁ?%e&%:!ﬁe{dy from the
LP T ?ig?#hsisﬁg% of ARl GRlaY, lliphbalFeRiafbwlar ad@lfh%ﬁl%giﬂa?rélbgrgon or

ectivity surface o sal dt secondary’ parabol i'c
r efdtkatodssed pfdnefitearea sel ect portion of substantially
all wavel engths of solar energy radiation incident
t hereupon. 40. The receiver of Claim 39 wherein said

sel ect ti I 3 : g Vi

subst an%l I %ﬁoﬁfecaavlg?fcg@ﬁg?’%ﬁ{f (rel%rg.faaﬂg%ﬁ gef?leg{é\(l)llt}ﬁﬁﬁace of
nanqaiteeoaddrg pa®ohiapstivetoe reflecdsl substaatialdc ell warvelehgths of solar
G aim 39, wherein said select portion of said
vavErcEgefiatienisideatlespPbast substantially al |

wavel engths in the range of 350 nanoneters to 1600
nanoneters. 42. The receiver of Caim25, wherein said

secondar 9. paraoteceiveredfl @aino 25, wherpini saiihipie asfiecfivity surface of
di ssi Eati ng radi ant. energy which is not reflecte

or seapndeunr RAstolis dietledRic sRtleatsya selpeibperiien 1ol ff”gétg%ﬁia}uy all
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supporting said secondary parabolic reflector with
40.  The receiver of Claim 39 wherein said select portion of said
wavelengths comprises at least substantially all wavelengths in the range of 380

nanometers to 750 nanometers.

41.  The receiver of Claim 39, wherein said select portion of said
wavelengths comprises at least substantially all wavelengths in the range of 350

nanometers to 1600 nanometers.

42.  Thereceiver of Claim 25, wherein said secondary parabolic reflector
comprises means for dissipating radiant energy which is not reflected by or passed

through said secondary parabolic reflector.

43. The receiver of Claim 25, wherein said secondary parabolic reflector
further comprises a frame for supporting said secondary parabolic reflector with

respect to said primary reflector.



respect to said primary reflector. WO 2004/ 015335

PCT/ US2003/ 025288 31 44. The receiver of Caim?25,
wohewn@miss3sai d secondary refl ector has an over aCiI/US2@®a8/025288

substantially smaller than an area of said primary

reflector. 45. The receiver of Claim44, wherein said

area of said secondary reflector is approximtely

equal to an area of said rdception surface. 46. The

recei ver of C aim 25, wherein said conversion nodul e

conpri seld; melrgefapver ©f Rilam zﬁgwlm¢iarsai@1rﬁ@p@3damreﬂector has an

el ectrj ne d a,solar ener nsor _co

i Oreeiac g ah eBHEeben ag Ao YadRer sk Re S ar
energy sensor includes said reception surface and

said reception surface is configured as a plane

sur f ace 450r i €bei wiceigei o iClemt 44,0Whereinesaad gyea hesadpepondary

47. The receiver of d aqll?h%g%ﬁexgg ng at?d cO verS| on

nodefletords ppRFORMately et Dl anar
array of at |east one photovoltaic sol ar cell wherein
each said cell is disposed such that its solar energy

i nci dent4é6sur fHee réceives ofp&ftinof25s avbereimc egitli conversion module
surface. 48. The receiver of Caim47, wherein said
phaHPSISe%AI ¢ sol ar cell conprises a sem conduct or

devi o 9. e SEEINGLual sShAbl Ao HDRICLR: 83

sem conduct or devi ce I'ses a Junct
sol ar cell fofsotat dﬁfarggeémmmuple(gﬁithlsmdkmaﬁefnrctem’mﬁlng;
gal I'i um i ndi um phosphorus sem conductor materi als.

The recei ver WBRCIENARMSAIAT CRFEGY ENFTAEIA eﬁﬁ%‘@é@‘m’{l%‘ %“ ace and
sol ar
Ul s?%dafﬁ?‘lfﬂé olnysﬁﬁééeolg%ﬂﬁf ﬁﬁ?«%gg 3 ﬁﬂe E’%’?ﬁ%?@ eﬁ%lx%l celcrlesnt solar

t o Ry thee ers. 51. The rece| ver of C aim 25,
wherein sai d conversion nodul e having a WO 2004/ 015335
PCT/ US2003/ 025288

47. The receiver of Claim 25, wherein said conversion module having a
reception surface comprisés a planar array of at least one photovoltaic solar cell
wherein each said cell is disposed such that its solar energy incident surface forms

part of said reception surface.

48.  The receiver of Claim 47, wherein said photovoltaic solar cell

comprises a semiconductor device.

49, The receiver of Claim 48, wherein said semiconductor device
comprises a triple junction solar cell formed of germanium, gallium-arsenide and

gallium-indium-phosphorus semiconductor materials.

50.  The receiver of Claim 47, wherein said photovoltaic solar cell
provides a conversion bandpass substantially throughout the range of 350

nanometers to 1600 nanometers.

51.  The receiver of Claim 25, wherein said conversion module having a



32 reception surface conprises a thermal cycle engine
having a thermal input coupled to said reception
weund4aass3and a nmechani cal out put coupl ed to anPeraS2I0B025288
generator. 52. The receiver of Caimb51, wherein said
thermal cycle engine is a Stirling engine. 53. The
receiver of Claim?25, further configured to
selectively adnit said raddiant solar energy to said
conversion nodul e such that an adm ttance bandpass of
saiateptéaeiuriace compded a thegmahgycleginginedggingyp thermal mput coupled

substanti al | ches, a_canversj f..sai

cof SR e & £ PRa A Gacy By SRPEHES i o' dnerator
wherein said adm ttance bandpass of said receiver is
provided by said primary parabolic reflector further
conpri si5SAg” a ThielreeniverfafrClaim &k Vibereiaf saik thegpalgfycle engine is a
wavel engt hs within said conversion bandpass of said
conVEE ¥ MHodul e and i npedi ng reflection of

wavel engt hs outsi de said conversion bandpass. 55. The
receiver of Claimb54, wherein said filter conprises a,
cover i ng3. aplhieeeteiver s 1dinn? 3y fiunthel cenfigupedty seleqtivglyadgnt said
said _primary parabolic reflectar. for, .ippeding sa
SRR B T PRGNS G Fiotle 05h LB P B bindoass of
bangdpagseived to -Egﬁ FQ05t \s61ar %Belgyaédﬁbtﬁﬂﬁallghﬁfaﬁih& Satshversion
filter 1s provided by a process  selected fromthe

gr wapdpenef sid oenvefsidnambeddei ng a filter material to

said reflector, chemcally doping a finish of said
reflector, adding a filter elenent to said reflector

and applgy ng A Bl5za i1Sal hdpaRd of said
The rocaber BFIERAIARETRAELbRIERL Sdl e ahdpiadof
COonpedi®ess provhiedtbyahid frinhdrg pambolivateflectat fusthgpormpssing a filter
bet ween said high reflectivity surface of said rirmraéfsaid

parfapalletinggrefledionrolay’ ‘%BgH’Sr‘&lé‘Bt% C%I{)'Ffsé@eb Pa¥i
S\E gz\régi(l(%%@g PEB%%}Q gnd ilﬁggcg;r{gﬁe&%&ﬁﬁi df%av@fen%%ﬂbi@g said conversion

rimary Ic reflector
200shh@36835 PCT/ US2003/ 025288 33 is configured such
that said high reflectivity surface allows reflection
of wavel engt hs

55.  The receiver of Claim 54, wherein said filter comprises a covering
applied to said high reflectivity surface of said primary parabolic reflector for

impeding said reflection of wavelengths outside said conversion bandpass.

56. The receiver of Claim 54, wherein said filter is provided by a process
selected from the group consisting of laminating a filter material to said reflector,
chemically doping a finish of said reflector, adding a filter element to said reflector

and applying a coating material to said reflector.
57.  The receiver of Claim 54, wherein said filter comprises a sheet of
filtering material supported between said high reflectivity surface of said primary

parabolic reflector and said reception surface of said conversion module.

58.  The receiver of Claim 53, wherein said primary parabolic reflector



wi thin said conversion bandpass and i npedes reflection

of wavel engt hs outside said conversion bandpass. 59.
wab@4nesss ver of C aim 53, wherein said adm ttRCIES2003/025288

bandpass of said receiver is provided by said

secondary parabolic reflector further conprising a

filter for allowing reflection of wavel engths within

sai d conversi on bandpass & said conversion nndule

and inpeding reflection of wavel engths outside sa
c onsanéigared s@anuggglg hi gr;eﬂepﬁl@lty antace @lﬂowre@c&qo&o@gavelengths

wherei.n said fi
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parcgg@rélgnbgﬁdpggst or for i npedl ng said reflection of

wavel engt hs out side said conversion bandpass. 61. The

recei ver of Cl aim59, wherein sald filter is provided

Ib)allm'an g[ io SSZ ’JF}‘Seler%%?\t/eﬁgf gal? m %rgo gs%}dc #ng{tgﬁce%%n(?gass of said
cheplea ?syepl GARENSy &id ée@bﬁﬁ&ﬂ‘)ar%lfé’ réRS QG Bher camPtisige afilter

filter e nt to said reflector and applying a
codbi a@owmgereﬂadnoncnfsxaa@lmlgthse\mtmn Sa@zcoﬁVhl@Qﬂeb@idpéﬂ‘S of said

of Claimb59, in said filter .co

fi |cpqurﬁ1§nﬁg{dg ag g Bg@@act@q@gﬁn&gggt s?ﬁ%éxﬁe sald conversmn
refl.66hdsyity surface of said secondary parabolic
reflector and said reception surface of said

conversi on nodul e. 63. The recelver of Clalﬁl53

wherei n said secondary rab refle

confi gur®@ sublf Iieﬁ%ﬂ’erégl am F18 é?ll%\fq{ c%‘?f‘éﬁ?é" covering
2I ! e(i &b &thi Nrefitct Wséu?ﬁgé BF smWsEJBnﬁa@%a@abohc reflector for

s on"b ass a i npedes reflection of
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receiver of Claiml, wherein said solar energy is
converted to electrical energy in said conversion

modul e. MO 2 %‘JT r%l%égf \M§ Balid929 %éi@l%gl%l%ﬁter fsdpr@\ﬁded-rﬁlﬁa process

recei ver of erein said solar energy is
condsidctedidrdm the freupradnsisiag @y lanmnstangja ﬁhm/maatsn@lrto said reflector,

nodul e. 66. The receiver of Ca dl V\:p?r ei.n sai
f ocalienns@lly doging aﬁmlﬁbq)qua@ rgﬂq:cgorop ing a filter element to said reflector

and applying a coating material to said reflector.

62.  The receiver of Claim 59, wherein said filter comprises a sheet of
filtering material supported between said high reflectivity surface of said secondary

parabolic reflector and said reception surface of said conversion module.

63. The receiver of Claim 53, wherein said secondary parabolic reflector
is configured such that said high reflectivity surface allows reflection of wavelengths
within said conversion bandpass and impedes reflection of wavelengths outside said

conversion bandpass.

64.  The receiver of Claim 1, wherein said solar energy is converted to

electrical energy in said conversion module.



said prinary parabolic reflector, said principle axis

extending fromsaid center of said primary parabolic
woebd4masns and substantially perpendi cul ar to acpluamm®3/025288

tangent to said center of said primary parabolic

reflector. 67. The receiver of Caim1, wherein said

focal axis extending fromsaid center of said primary

parabolic reflector is of¥set froma principle axis at

an angle other than perpendicular to a plane tangent

to sai db5centBre wéeiveiaf @eimrbs yheeinasisi sodar enereydg e@pverted to

68. The recejver of Caim 2% wherein said sol ar

ertbeip] prergn g eVESIONdPRIPi cal energy in said

conve_rsi on nodul e. 69. The receiver of C aim25,

wherein said solar energy is converted to thernal

ener gy 66 sallek recaivaros Chnmnipaiberin said focal axis is a principle axis of

said primary parabolic reflector, said principle axis extending from said center of
said primary parabolic reflector and substantially perpendicular to a plane tangent

to said center of said primary parabolic reflector.

67. The receiver of Claim 1, wherein said focal axis extending from said
center of said primary parabolic reflector is offset from a principle axis at an angle
other than perpendicular to a plane tangent to said center of said primary parabolic

reflector.

68. The receiver of Claim 25, wherein said solar energy is converted to

electrical energy in said conversion module.

69.  The receiver of Claim 25, wherein said solar energy is converted to

thermal energy in said conversion module.



