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OPTI CAL CONCENTRATOR FI ELD OF THE DI SCLOSED TECHNI QUE

The di scl osed technique relates to optics in general,
wammeosseet hods and systens for concentrati ng pami2eos/001182

particul ar. BACKGROUND OF THE DI SCLOSED TECHNI QUE The

need to concentr t nany

t echnol ogi cal Sﬁﬁlbﬁag Qbﬁ\tﬁgmﬁt’%| ication is
concentrating | ncom ng light rays froma |ight source
onto a photodetector. Such a photodetector may be

detecting t FeERBVOFETHENDISCLOSEDTPECHNIQUEYS, its
|ntenS|ty or various other properties or signals

carri edlty disclosedgtéchytique agetatelhm oojpticscimrgenenak and to
various sizes with regards to size qQf their active

mgthads angd systermsdor ¢ﬂe¢¢m;5@t"&@ Igﬁbrlemcwa@m ficantly
Wth an increase in their active detecting surface. A
photodetector, with an active detector surface in the

square SeeKEROUNBIGE TAEDAS OZER TECHIGUE

anmount of a simlar etector, wth an active

det ect Orhé Wl B bbnbéﬁtraw&gm 9 rélevahein naagetedhindlegical
therefore cost effective to be able to concentrate

applicationg. | iQme suurbaaphcam“s egongentatinge nessing light rays
A e AT 0 ol o
{lﬂgeﬁ'npeCWHv%Ie ng{;}ﬂ 8f’ﬂﬁﬁ?rjn r@jﬁbﬁﬁa é” ft é’né?ﬁ/e%rt Qarious

trate 1nco sTare sua

ot'h@? bhié@’o%lg{mﬂsQfa‘istleefb‘yeﬁdovmngﬂlﬁgrﬂu@ s. tPRytodletectors
not me suited be used i'n cases where [ight

caecimiadbliensizas owithelegadds dot thes size IOédbetreaCh\rﬁj detecting
%%(?l carl si ze of such opt.i C@. YSt egg needs to

OSIPRACR RIS aseSerigndiganly andnmazso?oﬂ th%act've

dé@g hh}ﬁjqé‘dc%rltAe B&fd&tégfo‘?rvsﬁﬂ‘lséﬁrgctfv% ettt L& in the

| ng an
square centimeter range, can cost many times the amount of a similar

photodetector, with an active detector surface in the square millimeter
range. It is therefore cost effective to be able to concentrate incoming light
onto ever smaller photodetectors. Currently, optical systems exist which
can achieve the goal of concentrating incoming light rays onto small
photodetectors. The optical systems currently used to concentrate
incoming light rays are usually either large, bulky or not cost effective. As
such, they are not well suited to be used in cases where light
concentration onto small detectors is required and the physical size of
such optical systems needs to be small.

US Patent No. 5,604,607 issued to Mirzaoff, and entitled "Light
concentrator system” is directed to a system for collecting and
concentrating electromagnetic radiation. The system includes a
photosensitive medium for capturing light and a planar array located

proximate to the photosensitive medium for guiding the light into the
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concentrating el ectromagnetic radi ation. The system

i ncl udes a photosensitive mediumfor capturing |ight
wanaeaspBanar array | ocated proximate to the PCT/IL2005/001182

phot osensitive nmediumfor guiding the light into

. g di I . _

PR e rrbbifanc: il Bl AR RHRIAeE T Sy of

CONRIRFELSr RASMENRY S Fhé Idoridentrat P BleradAtsieaEh WS a circular
out put openi ng, and a hyperbolic cross section.

inBat vareah @acinculapuoutpot opemping, opreci aghyperboalief ceass \section.
inner wall. The reflective inner wall fungtiaqgns to

Betwern aach fiunandiuUipyhionaniagds g reflectiygdnner wall. The

BRI AR SBERE Ao B s enroy o

Ii%qmggi@?t&ﬁ&n l'&‘hdihb'ﬂil oH%niﬁi’g? g’gby -the &HcerfiPdtor efeifent to

et al., and entit ni magi ng |1 ght
ar oottt operingwowards thie photoserdiitives sfediendi rected to a
noni ma%ng | i ght concentrator system and noni n’igi ng )
opt i calUsi Ratenddip ghsH4 hap4pssded douinsion et ak, esd entitled

"Nl DR h Aot G A atking s YfbERd to o
nérfﬁfﬂ&ji?gr)I(i@h?heoﬁééntpét@?m%?@l%nﬁ‘! gABY rfePimain t@ﬁtlical mixer

[ ght ux. The system further includes an~optica

desigas Ilthatt prbdueer thidofmecdluxz doe alset heitbr iplmtgvoltaic  dish
collector of light. The optical .m xer includes. a
cancatdpipent Toet system Hsdudes a pivdasy collacipaaflightxsich as a

retElamairy, EckEho RSy colicatilarbd IR RY Theapystem
P 1S ArPORIR e BBAtoc e 1 f6al ROAYOkEAbimary

S Is located near the transparent exit aperture.

calleztey stfelighor k$has optichbwaixeki ipeluded e itranspereny sértnance
is collected by the primary col |l ector_of |ight and
apeiteEe aind odalraesparentoexit” apadurey tihe reptigal zatxer further

e, 5 Ay SPREHEbahHD st PR AFOE I e
refleltisn L%t 1Yt 28A @rray of photovoltaic cells is located near the
transparent exit aperture.

The system works as follows. Light entering the system is
collected by the primary collector of light and directed towards its focal
zone. At the focal zone, the light enters an optical mixer. Light inside the
optical mixer is provided to the array of photovoltaic cells by substantial
total internal reflection inside the optical mixer. Substantial total internal
reflection provides for uniform light flux on the array of photovoltaic cells.

US Patent No. 6,302,100 issued to Vandenberg, and entitled
"System for collimating and concentrating direct and diffused radiation” is
directed to a system and a method for collimating light energy falling
randomly from a plurality of directions onto a fixed positioned thin flat
surface. The system includes a collimator for collimating incident light, a

lens for concentrating light collimated by the collimator, a light funnel for
D
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total internal reflection inside the optical m xer.
Substantial total internal reflection provides for

woRetkostssé i ght flux on the array of photovol t aPCT/TIdbF001182
US Patent No. 6,302,1 00 issued to Vandenberg, and

PR A AR T ERER h, The
colliffatedelidiftd i ocofcémtratid Ny | Ahhssambly cﬁfa|ddrﬂ©rgigg and

randomly Troma plurality of directions onto a fixe
diperging griscnatid slabisaand opticalemedne toyardathadigbtissnel. Each

collimataor for collimting jncident light, g | f
PSR kAl B QP%UQ"P@L?X'@dﬁlR l'%lorob@etmo'g%tﬁ'ﬁﬁpgﬁ]ﬁe&%'i'ector-
' : | £ orfurt ent rat.i ' : :
Eaf e dRERristh e’ 2 dlref ST M, BB A" gonverging prism,
arf®hl de®IrRAsidedint cortatPRARNARGthed davergiagssidry The index of
convergi ng and diverging prisnmatic slabs and opti cal
refraationt olwtved sonlerding prisrardiffersEfom ghesindek atf kefraction of

longitudinal axis is parallel to the shortest side of
therivering ®§Ms.-Each di verging prismhas a first side

0 cont acSUlMARYCORFHE HCT ORERTTECHNRISES 05 6
refractqtq)@ dﬂt]éclc%'ﬂ"tﬁbghl%lc%écﬂfécﬁh LRy ?ofﬂr@m;ﬁ( novel

i ndex of refraction of the verging prisns. SU

methddanBl systésHor TrtidallPdidnicentratiag ldfiteays afsindgiéwo Fresnel
di scl osed technique to provide a novel nethod and
lesgesem for optically concentrating light rays using

t echni dlle opREtaGE WS TH ofRRipeth Gsbafu,eTHEE™ds thus
pr‘b@f&éad‘tarna?apgﬁréthghforr@d’rﬁ:e\"/\fﬁfétﬂdﬂnghf ? §_tar}i9?}§ fr%ﬁ? at least

openi hg on a receiver, erel e 1ndivid eamns

ortd opleairlg ghto aagsetethwheréeinghetintdividegiizearheof the light rays
substantially collimted. The apparatus includes a
eacls wycivevat Rhesapparaths aubsiantially oeolimatedpent hgy.apparatus

ing " szrﬁg?%s?éeé@% ﬁéé@xﬁg}é’nsi ré%lslégnetﬁyafofri L3éh Fépeéc’r?lﬁlg. Each
Fresnel lens assembly includes a first Fresnel lens and a second Fresnel
lens. The first Fresnel lens is located between the opening and the
receiver. The second Fresnel lens is located between the first Fresnel
lens and the receiver. The first Fresnel lens collimates the light rays
arriving from the opening, and the second Fresnel lens converges the
collimated light rays onto the receiver. The opening is located in front of
the Fresnel lens assembly, on the focal plane of the first Fresnel lens,
centered on the focal point of the first Fresnel lens. The receiver is
located behind the Fresnel lens assembly, on the focal point of the second
Fresnel lens.

According to another aspect of the disclosed technique, there is
thus provided an apparatus for concentrating light rays arriving from at
least one opening onto a receiver, wherein the individual beams of the

light rays each arrive at the apparatus substantially collimated. The
-3-



l ens. The first Fresnel lens is |ocated between the
openi ng and the receiver. The second Fresnel lens is

wo owaneddbet ween the first Fresnel |ens and theCT/IL2005/001182
receiver. The first Fresnel lens collimtes the |ight

Co f

o BB S8 PR RIS Bop i) 1 SER S e “Eacn

Ieﬁ@%%'s\éﬁ'ibl Th@luawanﬁ}st Jeh® eiced $ébdﬁd>néns>f THe first lens is
Fr esnel ens assenbly, on the focal plane of the first

lo¢atedrztwesmstheceperingdarndh thé, eed&emar ifhersecm‘nd lensfisrlecated
Fresnel |ens. The reﬁslver is I ehi nd t he

betwegRdhel fied 1aas ansl the FRFaiver-f . fe 2 firsdile &S spllirates the light

RS9l 38 PO 2B RS ag g gbuimated

IlgﬁPF?é atdtof Ple PORKIEBL " AR @penhy i§ AycatRld inV Frodit fafae lens
| east one opening onto a recelver, wherein the

assednbiyploalthbéaaal pianera thedhst lemgs ceatdredron the fcal tpoint of

apparatus substantjally collipnated The ar at us
the fepliders.a The jeeeivee i éﬂ@a&%iggﬁbmd ihe & [RS§88MIgon the

for bR E T B < Coated between t ho openi ng.

and the receiver. The second lens is |ocated between
the first Iens and the receiver. The first |ens
collinmates the light rays arriving fromthe opening.
The second | ens converges the collimted |ight rays
onto the receiver. The opening is |located in front of
the |l ens assenbly, on the focal plane of the first

| ens, centered on the focal point of the first |ens.
The receiver is |ocated behind the | ens assenbly, on
the focal point of the second | ens. BRI EF DESCRI PTI ON
OF THE DRAW NGS The di scl osed technique will be
under st ood and appreciated nore fully fromthe
follow ng detail ed description taken in conjunction
with the drawings in which: Figure 1A is a schematic
di agram of the prior art illustrating the
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collimating properties of convex | enses and Fresnel

| enses. Figure 1B is a schematic diagramillustrating
WO b@eos1s3er gi ng pr operties of convex and Fresne{T/IL2005/001182
| enses; Figure 2 is a schematic diagramof a syst em

cmbad nont SHIER Qe GBI BION GETHEHRAINGSET . 5 i

a schefgpi a.émegé@gbeﬁn u‘ét k}ﬂn B n%ﬁgbrs%aétéh’@téﬁpn@?ﬁ’ated

operative in accor nce an e ment of
motiesfuligsfeomt denfoliawdn |l£EDd@ESﬁR|6’tT [t&ke®fin TaRjunction with
EVMBODI MENTS The di scl osed techni que overcones the
thelidsawings isgwbiche the prior art by providing an opti cal
concentt at or nprising two .Fresnel, |.enses. .
P ooneFigurBs1 RISHE sEhedattoikERE o ki PAGr A fiusiragiog the
B8 centrate
coﬂﬁﬁéﬁ‘rﬁi m ng'q%bée(zf d:r ays gﬂ%ggidgﬁg pl'(i)e?rg) et ector.
The di FigweedB és i sphenpatiy idiagrampiliedtratinghtieh donverging
| i ghtwei ght, conpact, and cost effective. Fresne
propedies @fr GaIMeX and Fsaa@eldpﬂsea;l effects of
conventli onal .l.ens concentratin
col I nﬁgq{& PilgH Scbﬁna@tgcps'@ ‘A |qu%tsvg¥%"9 gopsiyeiesh and
d n
orREafE iMHcEBIdarich Wi, 3 et SOKE UseREeg techniaue;
ands now made to Figure 1A, which is a schematic di agram
illustrating the collimating properties of a convex
| ens afrigurers és @eschematic ccbag@mlairmqtbeh@yswmr epastrycted

an anerative”Hh ooSeRiagieh MThnen Sy aEert b, §FF riRRpsed

te?h A8 i magi nary point known as the focal point. In
any |ight ray passing through [ine 26, an
inaglnary line known as the focal plane, wll be
collimated by convex lens 20. This property is due to
t he
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refractive nature of |ight rays passing through

different nedia. The distance fromfocal plane 26 to
w@omsez1sBens 20 is known as the focal | ength aprdr/i005/001182

specific for the particular curvature of convex |ens

20. F ' ' h
sare pr Bpa AL B DESCRIPTIONGF PO EMECDIRENTSS, |
Its Surrfr?é%@cs@s,éelt'ebﬁﬁkﬁfb Repvomed mecfonéacﬂmntagw of the
pass through its focal point 28 or its focal plane

privaf ererine previdivg nal eopticeti goneemlﬁatoxhcomprslrag two Frésnel
schematic diagramil|l ustratlcé:ﬁ t he conver

lepsege@n%gr@w@ lepsveMsedite eollimate-fncgrain '&?ﬂ@ raygnybgreas

o hef g ST BB L e oo

sﬁﬁﬁ?ho‘i@?@ﬁcgtﬁrt ThediBEIBBEH ¥ chRicfiieCpividée ar@rfdd%@ \Wwiich is

nature o rays passing through different nedia.
lightewight, conmpat?, andisbst elfectivavex | ens 20, has the

same property whereby collimated |ight 32 passin

t hr oungresae lprrgsepiosiucenther @@@eoﬁpucalt%f et quvmntlonal

eB8htma £ canagpuafive TBRE, boumAtiiaridny 14 dipbiifla dght, for a

fré@&rafb@ngﬁtwggrq@ﬁ %qu oA WiAtH Bf REFREABBASI YéﬁdbsanThls is

e disc osed techni que. System 1

diien¢td tioksis umigue desit, Riefeieincerissved rhads tdttﬂgu&edAndvhlch is
Fresnel lens 106, and photodetector 108. System 100
a sehematisndiagsamatlestrating the sellignating proparies of COPEAK lens

oAl N80 5l S P >
o4lihaI oy eyt A8 eqpuiegadolons oeh s, ejssass

tht©agh @ointi 24, 49 2nkginaryaicidt knownaas thed fdcal Poir. elsmteict any
| ens 104. Optical axis 112 passes through the focal
lighdi rarys pessing: thrpugbnbme@ﬁmsae lrr@wnang lingokeaynyas ythenfocal

oBreS ol o RE oA B rb BB 87 TR B EAEe B he
reat®® H3fureViat light rays passmg through different media. The
distance from focal plane 26 to convex lens 20 is known as the focal
length and is specific for the particular curvature of convex lens 20.
Fresnel lens 22, just like convex lens 20, has the same property whereby
light rays 21 passing through its surface are collimated, provided such light
rays pass through its focal point 28 or its focal plane 30.

Reference is now made to Figure 1B, which is a schematic
diagram illustrating the converging properties of a convex lens and a
Fresnel lens. Convex lens 20 has a property whereby collimated light 32
passing through its surface can be converged onto its focal point 24. This
property is due to the refractive nature of light rays passing through
different media. Fresnel lens 22, just like convex lens 20, has the same
property whereby collimated light 32 passing through its surface is

converged onto its focal point 28.
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openi ng 102, may not be concentrated on phot odetector

108. Side 114 of first Fresnel lens 104 is ridged,
wobesess3ci de 116 of first Fresnel |ens 104 i spd1/at2005/001182

Fresnel |enses can be referred to as ridged |enses as

their Lﬁ‘é%‘y‘énéj& sJ%o Q\Lvrﬁﬁd[eh?cf”e @%{g s %Iﬁﬁﬁslé)f schematic

havi ng ridges resnel as | ridged

diagfem1dia lsystard, geABHAIY Adrerfdgds 1 06] eéngﬂruétedsad%peratwe
and second Freshél |ens 106 are substanti al | y simlar

ini aceordancsewithdaFrerabetirnent of dbei @st@&dewddmmw&i System

180 m'ié?%%%hngiﬁ%gi?gstﬁ?s‘bé@gﬁﬁ Giasiond Efashelféns 108,
F

o oS0 08 ST ABELFhay 1 SHBPBIABAIRH closec

stRe&ans 1HM9§519P9\}é?ﬂSarﬁBféri1ﬂf§;Httcﬁ dther estardal light @suRtes from
openi ng 102. I n an enbodi nent of the disclosed

entecngi ltJ,ué)pmngan;I:lsakaitederrysthl&)_fbczaiqblame of firsekrasnel lens
104 coRlerP@HONOPRIGALAHE 118 &gt Hdpanehiebac] 04 anel Second

I
Feeie) b S db OoRlEIT8 Tt Seanbfidn Ml i FREB R 104

PﬂééF 8dis1 11235@?&9% ﬂ"ﬁéhghfﬂh‘émdﬁﬁ poiRtshef bott Resnel lenses.
urther embodi ment of the disclosed technique, first

Opeagveel OQ@am vdy inagizdraVfeopersingl 102 is ldegarlibainaitiendjiameter of

openi ng I n anot her enbodlnent f the disclosed
Fraanoh 190055 0dnand Lahesomee! 10 il RlpEng; Systtyd@o, via

o Boa%,PekdIRE PofifanBaeCBR TR AERo Yn, Sigg 114 of

fn‘é?'Firééﬁé’I IBRsORi4 ?@Fldgéds \A&'ﬂe%eag’@éé’GlQ'B%ﬁ ﬁ’r’st F8shél lens 104

I'ocat ed behind second Fresnel lens 106. This neans
istflett Presnedldermsgocands: refenechteds adgeat lenses| apdheir unique
of second Fresnel |ens 106. Photodetector_ 108 is
d%$lgﬁ|glV@%ih¢f§/\ threanraarangs afhaving sidgeseofdritifyesnsl lens 104

Y JRCTAON 48514 b, OB 1B SoPREE el Y04 anc

ST BTO NSy 40 %3 Sgon i
lens 106 is located behlnd first Fresnel lens 104, centered on optical axis
112 such that optical axis 112 passes through its focal point. Side 120 of
second Fresnel lens 106 is ridged, whereas side 118 of second Fresnel
lens 106 is flat. Second Fresnel lens 106 has its flat side 118 facing
opening 102. In an embodiment of the disclosed technique, second
Fresnel lens 106 and first Fresnel lens 104 are fit together by joining side
116 of first Fresnel lens 104 to side 118 of second Fresnel lens 106. In
another embodiment of the disclosed technique, first Fresnel lens 104 and
second Fresnel lens 106 are located a distance apart from one another.
In a further embodiment of the disclosed technique, first Fresnel lens 104
can have its flat side 116 facing opening 102. In another embodiment of
the disclosed technique second Fresnel lens 106 can have its ridged side

120 facing opening 102. Photodetector 108 is located on the focal plane
-7-
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openi ng 102. Since the size of opening 102 is, in
general, much smaller than the di stance between system

wa0@capd3s he source of |ight rays 110A, each i pdimidesaio1182
beam of |ight passing through opening 102 will pass

t j Y, [ be
of BRER o AR e 0B RARSISb Rl K d e ppgorector
1082Y¥$ loeateéd | béRmiddesticopd fFresnel 16ass466104Thitd hB&ns that
because system 100 may be conpl etely encapsul at ed

phatadetectdrobeflisstocated oe thedocal peiat op sacagd foesnel lens 106.
ller th | he di f F .
Prfo&*ag@é%m?&ﬁé sieaniiermelet i fiie e TR0 102
ocal ' F I ' :
pasei ngVERTBOLR0 of@enf HIS ohGiing BenePilizad Bindeh's Light

rayd M0 LeEVE at! §5te 0400 frdmbarimBlesdipetitand. allhgoming, light
collimated, or substantially parallel with one
rapsiot HRA, taf ther goremcatedr onglphitodetertersiké)8,| pass1tawrough

op%%?gqéﬁ%ﬁgnﬁ?r?q%hﬁg H;g% @3@@3@2@2;@ lfg%?]efgﬂ fntluch smaller
gt TSRy Sy P gh HBSREE Mt s 1108
eafégfipd_ﬁﬁ@ééméém by ligl passihgahtdedh obaning 10B willepass there

i nci dent on second Fresnel |ens 106. Since the
thicugiht asay substantiallyi collideateddpearsc ohdight.e Dpeningn30206 the

are subpstantially collimt .th w | | _ pass, fhrou

onlye vl FriBgpEINg dight tays &hgaoh mﬁ%%%fg’gsaﬁl ﬂSﬁégFM and
f.ogcal ' S r ' s

106 BRtaBRe cysfoo S0P b 15 SEmpiEKy HRarPubiRd, witpin closed

stitRENRd1 T4 eiake! IEniAG GO RYRRYENthan BhleqiaY %o 1HEGiameter
exiting second Fresnel' ens 106 will be concentrated

of dfreghet tefedec 104 408.106) grdainte apemnirgitdhies on the focal
restriction on the distance between first Fres | ens

plat of S \SBone! Jars 107, ABYORGE S PARBIGHNLOR GRAmas 102
orl, S99 ! L PRI b4 10l REBEEI subsantaly
coli] r RBRGHIV PRI NS KNG S5 ansg trovsr
firétr Bredrie lendst®f. Lnoadncoming light rays 110A pass through first
Fresnel lens 104, they emerges as substantially collimated light rays 110B
due to the specific location of opening 102 vis-a-vis first Fresnel lens 104.
Substantially collimated light rays 110B then fall incident on second
Fresnel lens 106. Since the light rays falling incident on second Fresnel
lens 106 are substantially collimated, they will pass through second
Fresnel lens 106 and then converge onto the focal point of second Fresnel
lens 106. Since photodetector 108 is located on the focal point of second
Fresnel lens 106, convergent light rays 110C exiting second Fresnel lens
106 will be concentrated on photodetector 108.

In general, there is no restriction on the distance between first
Fresnel lens 104 and second Fresnel lens 106, although due to the ridged

nature of first Fresnel lens 104, some of substantially collimated light rays
-8-
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Fresnel Il ens 106, depends on the distance between the

two Fresnel |enses. As the distance between the two
woe@snels3s enses i ncreases, the amount of di spepST/R005/001182

terns of distance fromthe ends of second Fresnel |ens

1 ) et RGPy cripe R APRRE gt FRTEIEERe| Bns 104.
Tri’é)@nmsof aud%rm@w fR3eFnacsodidtate fion ARBVERES of hﬁecond

di spersed rays that pass through first Fresnel |ens
Freéenebens phos,odepeoadsr onothe Idisianceobetwennt the rteo Fresnel

Fresnel | ens 104 and second, Fresn Ien 106 can each
lemges. em\%aea ®§t%%gehﬁe%éheﬁ%ﬁ%ﬁw% lenses Inerepses, the

arRGHEE i krieh, SRS " i 8a0 Hon 4eCe U8 PP seconc
Fre8A&t lehis 1@6 falsd hl%re%@b@d |f fd ahduit d?rcﬁ§;b@ﬂs@rei§s@%cant
and second #resne ' ens 106 can each be replaced by a

thephtlvd cidhmieters of ssendndhdresaél |I@1nss 10ﬁ rmedggm dre linaeased
Ref erence is now nade to Figure
acegrdingly to grayeras Kie disperssd 49y$ éh@t aaﬁ%mr%gh first Fresnel

r ted and operative in
leé%a%ﬁﬁ?&@‘kgﬁegqﬁé%%] ment of the disclosed
techni Uiy naysd eatl st MdshdbiendreR Bhess&ton @ FreSRER lens
whi ch are each substantially simlar to system 100
106-cgnread) beSyeplaced 4y ancylimbricabfaesngkled2Alt iB42Bo noted
and 142C, first Fresnel |enses 144A, 144B and 144C
thateetﬁtoFm@héqens dRdeand sscongs Bresnrl lensd Oigan be replaced

8 RQERBEGHE Fenaf s, F 1<y BT pBleg 1haLrs} E88hel fens
1(}§in %‘ﬁ"d §é9@n6’fFr%§ﬁBI fdnd OB chhesash Heerssacéd4y al4pRerical

144C 1s flat. One side of each of second Fresne
Iehsraeyhridﬁa?al IéAﬁBalaa]degleﬂ&@Ierssrl dged, whereas the
ot her side of each of second Fr esnel | enses 146A, 146B
and 14&3 PEEnGetlS RPWsIMagesieel Figureed whigh issep sghgmatic

dlagrarh 8f' ano?ﬁé)rn%_ys e ,n%lenle?glff referenced 140, constructed and

operative in accordance with an embodiment of the disclosed technique.
System 140 includes three Fresnel lens sets which are each substantially
similar to system 100 (Figure 2). System 140 includes openings 142,,
1425 and 142, first Fresnel lenses 144,, 144z and 144, second Fresnel
lenses 146,, 1465 and 146¢, and photodetector 148. One side of each of
first Fresnel lenses 144,, 144 and 144 is ridged, whereas the other side
of each of first Fresne[ lenses 144,, 1445 and 144¢ is flat. One side of
each of second Fresnel lenses 146,, 146g and 146 is ridged, whereas the
other side of each of second Fresnel lenses 1464, 146g and 146 is flat.
First Fresnel lenses 144,, 1445 and 144¢, and second Fresnel lenses
146,, 1465 and 146, are substantially similar in size.

Opening 142, is located on the focal plane of first Fresnel lens
144,, centered along optical axis 152, of first Fresnel lens 144, and

second Fresnel lens 1465. Opening 142, is located in front of first Fresnel
-9-
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146A, 146B and 146C, are substantially simlar in
size. Opening 142A is located on the focal plane of

wo pooshsEBesnel | ens 144A, centered al ong opti CRET/EX065/001182
152A of first Fresnel |ens 144A and second Fresnel

46 . . . Sy

lep$ o Bady ) QotEl Bk, (54 PassBE duOR HelBedl pbirfS of both

Friep@l |61ady. s Sefcopel Frégres nehs [esass. loSathBehireb figdt Fresnel
| ens 146A is |l ocated behind first Fresnel |ens 144A,

leneritdeiye denteregtore aptieal axis 3HRassudh thadtopdical axis @ spasses
ikSod 85 T0ERL rRocdpbbieh 893 FFochiea BT g Toddaniist frst
| . . e |
PSRBT 16tk P00 OB RAL R obTREL A 152h O 58 gk RBF ens
144¢ ah80sédbrid PiésBél fdnsst463.eDséningn$424 48 1odaretcial front of

axl s 152B passes through the focal points of both _
first €sesnell lensebd4Se Optitalexin 862k passesaBroggh dbatfedal points

o SO eSS £ o A S R Sfin v

t i i C i A .
5 P B0, Al B s i s
150 sk P i T ORaihol B, BGatadon e foce

planenof fifstfFresneFlessdlddcecentdred algptg opticakaxis1 532: of first
passes through the focal points of both Fresne

Flahes st edoand sasand Febanaldaes 1d8ns lapeaing i 2es located

. 4 esn e 4 ce j C '

ingdibfit o Pt ptexr 1 IdP s 4 R A B Bro s nttidh the

fokal gbintg’ htostet Brdsplel 1dfsés ISucdrRIFessidl9ens 146 is located
intersection of the focal planes of second Fresneﬁ

bélindefirst 4onssnil 6&ns 44 6centehed antetopticat addis8 152 such that
| ocat ed behi nd second Fresnel |enses 146A, 146B and

optimt axig i 82opassestlfoygtbits deedl RAUPt- 148 is | ocated on

e oahoBBlidop 8836 BeblaR W, 8 T RAn, S 3P rocal
plggiﬁﬁkiﬂﬁeﬂ)rﬂlﬁééd@%ﬁi@é f468SP46S BN {452l PPRItGAStedtdr 148
is located behind second Fresnel lenses 1465, 146g and 146¢. This
means that photodetector 148 is located on the focal points of second
Fresnel lenses 146,, 146g and 146c. Second Fresnel lenses 146,, 1465
and 146 are configured such that their respective focal points all coincide.
Photodetector 148 is significantly smaller than the size of openings 142,,
1425 and 142;. Openings 142,, 1425 and 142 can vary in size. |f the
openings are larger than the diameter of the Fresnel lenses, some of the
light entering system 140, via opening 142,, 1425 and 142; may not be
concentrated on photodetector 148. In an embodiment of the disclosed
technique, second Fresnel lenses 146,, 146 and 146c are each
respectively fit together to first Fresnel lenses 144,, 1445 and 144¢ by

respectively joining the flat side of each of first Fresnel lenses 1444, 1445
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Phot odetector 148 is significantly smaller than the

si ze of openings 142A, 142B and 142C. Qpeni ngs 142A,
wa4@Bosrsds 142C can vary in size. |f the openi nBST/a2005/001182

| arger than the dianeter of the Fresnel |enses, sone

AL e Rt ot M B o

nd 1 48L. errbodi ment of the disclosed techni que,
second Fresnel |enses 146A, 146B and 146C are each
res pectBach Fresnelt leget srirand dpening Rfersexamplimopening 142,,

i el B S S 0 AP LRkl A e o
ol s ERISEINSR AR S 1905 805 Mg o

dlﬁéﬁerﬂr@irﬁﬁﬁmsnglt('%%ot@&aﬂmh apeindigdidRBealr blight, in each
Fresnel |ens 144A and second Fresnel |ens 146A) Is

ofcbght gayed G0, r to@§ \and 190, ratyivest at systeml 840i yihstantially
com ng,.fromdjfferent

150A, 150B .and. 15
CQﬂ' 3& onsEaP?' gW&fill!?g eam e 26 nlighti TS desystem 140

Sl A, SO e P e T s 1

areGh \Yyeherhl, BRAEH Fmal&thad tHe @ﬁstéﬁcé YetRBehddstem 140 and

substantial'ly collimted since the size of openings
theds\rce4dBigmdagd 260 4 50grargkhb0al , Thrauldcadionl ard orieatation
t he di st ance bet ween Séatem 14Q and t he source of

of gaph Fresneliena set sue apaningowith wqqséatqr@na'aﬂwer is such

f
B bR el S5 mpSRATeQU R Tosge Rt Bl Boirt dfebach
secort FrédrdlaeHs! of éadpFedsiél [ehe §é?tcain Qﬁbfﬂercémbéﬁhnent of
second Fresnel |lens of each Fresnel lens set. In
thendisblesedyaoplurality affFrelsaetilerd setsdand oplemirads aye cbnfigured
Fresnel |ens sets and gpenings are configur _g
tor eagaive IghyHaysagaminghit ﬁgnf@%ﬁf%mf dipetiensy r bae lgsation and

orfelfobl Bl FrESETIAY 231 A B 1855 Lp one
amRAEPIR! 8GERthaf DHotodbidétdrangaus! in At dked at the
focal point of each second Fresnel lens of each Fresnel lens set. System
140 allows light rays coming from a plurality of directions to be
concentrated onto a single photodetector.

It will be appreciated by persons skilled in the art that the
disclosed technique is not limited to what has been particularly shown and
described hereinabove. Rather the scope of the disclosed technique is

defined only by the claims, which follow.
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focal point of each second Fresnel |ens of each
Fresnel lens set. System 140 allows |ight rays com ng

wo panosuspé ural ity of directions to be concentr B¢ EIL2008/®1182

a single photodetector. It will be appreciated by
persons skilled in the ar¢Lhmg t he di scl osed
technique is not limted T0 at has been particularly

sh e ' hga t kyeiksi 0
S hm&%ﬂjg 57 cBAdehRABhY iggémera%? é}ﬁﬁllﬁd‘qrcﬁrﬁ Qlt? |ehst one

scl osed technique I8 fined only by the cl aimns,
whioperfing | entoCaArddeiter, Apgividtaals bebars adnsaidt fight mgys each
light, rays arriving from at | east oHe openin%]onto a

r ec@dTiving at srid\appatptuseakstantially gollimaled; SPETRIIRIRG:

arrivin j t S ' I 14 e

conpri ﬁg ﬁ%é.p%ﬁ‘é(%r EE%%@. Igésl:#gié{gﬁwl gﬁsggﬁe#dﬁ?étf %@St one
eacd&e?ﬁrh@, aaiteast 688 o) Psp&@ivé At rdstrit |ENE assembly
respective Fresnel lens assenbly including: a first

Fr éscleldingns, |ocated between a respective one of said

at | east one_opening and said receiver, for .

col Ii mating §estaFrespel lessy lgcatad, betwaen @oreskRgctive one of

respecti.ve_one of sai. t st o ni NQi: I

S dih st €afiind aritifg nd SARL1RVEE 3P SR Bfting said gh
Fr ek i hiY i j T
"L TRP 1AM Ao SR (SSSELNR orkrt sabysh g b hpcring:
eagdndsai d at | east one opening is located in front of

sai d respective Fresnel |ens assenbl il on the focal
pl ane of s& gecerpduesnel fenstloratethdetvers, saightist dresnel

o0 1ARE P i B, 57 P VERIFG eV SR bi B3y onto
saighi@reb&ivst, One
wherein each said at least one opening is located in front of said
respective Fresnel lens assembly, on the focal plane of said
respective first Fresnel lens, centered on the focal point of said
respective first Fresnel lens,
wherein said receiver is located behind each said at least one
respective Fresnel lens assembly, on the focal point of the respective

said second Fresnel lens.

The apparatus according to claim 1, wherein, for each said respective
Fresnel lens assembly, the distance from said respective one of said
at least one opening to said receiver is approximate to the
accumulated distance of the focal length of said respective first
Fresnel lens, the focal length of said respective second Fresnel lens
and the space between said respective first Fresnel lens and said

respective second Fresnel lens.
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20 respective Fresnel |ens assenbly, on the foca
poi nt of the respective said second Fresnel lens. 2.

wadb@cap3as at us according to claim 1, wherein, POT/I2aEiN01182

sai d respective Fresnel |ens assenbly, the distance

3.1 9 %'p?)g?ég%g gXFdiﬂgetoo‘cclﬁm % S@E{élﬁa% [ REspective first

open|n cel Ver 1s approx

ac Fyashalt leflsdisd 3are r@épédii@/efs)é@éndl Wéérﬁbl%néféath include a
respective first Fresnel lens, the focal |length of
sairidgedsgide tancka diat side, Fr esnel lens and the space

bet ween sai d respective,. first esne | en ng, said .
respecWh%egb@@l'fél resegptiye |fist r@§nelrrh fh%a&sugldged side
in o,cl e S tdp
Fr Qi Sallor i B o el BAGRAE dkinG i e flat
ea%'idé R&Lingesaid Iréw@btﬁﬁedsea@ﬁdaﬁésﬁel SIS aWﬁeV\mle'ﬂem said
said respeCtive first Fresnel lens has its ridged side

f acespectaicdseespd Freseeldeasdias s dladside tatingrsaid respectlve

opening and its flat side facjng said respective
sediésid esashlans and Itsamgg \J@ focing ga Y§ve
second Fresnel lens has its flat side facing said
respective first Fresnel lens and its ridged side

4.f aq@aééé%tbg%d&{jmg“io EREMABPMhREm S4iEdedpRatile Fresnel

claim 3, wherein salid respective Fresnel |enses are
sulberised ap sybstamtialy similar mesizB. The appar at us
according to claim2, wherein said space equal s zero.
6 The apparatus according to claim3, wherein said

5.1 MCapRatlF eorRE 6@kt 2 MR 8B PR zero.

cI aim2, wherein, for each said respective Fresnel
| ens assenbly, sai d respective one of said at |east

6.ondhepapparatus aedwsting tatlameduwhereinssaid, respestiae IFeesnel

in size, than a
lenses are joined together into a single optical element.

The apparatus according to claim 2, wherein, for each said respective
Fresnel lens assembly, said respective one of said at least one
opening is substantially equal in size, or smaller in size, than a
diameter of said respective first Fresnel lens and said respective

second Fresnel lens.

The apparatus according to claim 1, further comprising a closed
structure for preventing ambient light from'entering said apparatus,
wherein said at least one opening is located on said closed structure,
and said closed structure encapsulates said respective Fresnel lens

assembly and said receiver.
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di aneter of said respective first Fresnel |ens and
sai d respective second Fresnel lens. 8. The apparatus

wa@ewensissg to claiml1l, further conprising a clPSEIL2005/001182

9.

11.

structure for preventing anbient light fromentering

fgggteg%?&ée&aegc%’pﬁd.ﬁ oS@hfn At Wﬁé\%‘i %‘F‘Feé’éteéhé‘g)fis%id first

on sal OSG structufe sai d cl ose

st Fusdngldens anpissdidisstohd Erese@@is \is seierted|frdrarthe group
assenmbly and said receiver.9. The apparatus according

t ocensiisting ofilherei n at | east one of said first Fresnel
| ens apd salﬂ second Fresnel lens, is selected from
the grbIBSNERIAMSting of : Fresnel Iens: cylindrical

Fr esne{%l aI@?QsH@HEhg éhged Fr esnel | ens. 10.

Appar a or concentrating li ight rays arriving from

at | eagbugmem@j@ejmmn@mghsa recei ver, individual beans
of said light rays each arriving at said apparatus

subst antially collimted, the apparatus conprising: a

ectlve I ns assenbly faqr ,each said .at |east
auasal o goneanifatng | pEBtS \%rylggs%rggge%ﬂe,ast one

f , d
Bﬂébgﬁ"{s”éOﬁ%té{%‘gsif%*ﬁe'”{%%@aﬁ PEHEE RITRICHIE cach
f oardahgi BRtddid eppdre\tughéubmnenyl gbMigndtedmthai dpparatus

respective one of said at | east one opening; and a
secorrtprlsmng | ocated between said first |ens and said

ont 0. 48 {SPBEUYG aPTS ABGORY JaEiPack B af IERRt Gk Dpening,
as§§t¢;$g(e%gh8ﬁggr%ggbe V& F’eHs 8k éﬁﬁbﬂ/dfn%?lﬁ’cﬂﬁgl ve lens

sai’d respettive first
a first lens, Iocated between a respective one of said at

least one opening and said receiver, for collimating said light rays
arriving from said respective one of said at least one opening; and
a second lens, located between said first lens and said

receiver, for converging said collimated light rays onto said receiver,

wherein each said at least one opening is located in front of said
respective lens assembly, on the focal plane of said respective first
lens, centered on the focal point of said respective first lens,

wherein said receiver is located behind each said at least one
respective lens assembly, on the focal point of the respective said

second lens.

The apparatus according to claim 10, wherein, for each said
respective lens assembly, the distance from said respective one of
said at least one opening to said receiver is approximate to the
accumulated distance of the focal length of said respective first lens,
the focal length of said respective second lens and the space

between said respective first lens and said respective second lens.
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| ens, centered on the focal point of said respective

first lens, wherein said receiver is |ocated behind
weamk/0sEBad at | east one respective | ens assenbb@gT/II@n0s/001182

the focal point of the respective said second | ens.

11. The apparatus according to claim 10, wherein, for

each said respective |l ens assenbly, the distance from

15aiThe appeeaiueeapssrdiig 1ai dlath il #astherein @@@dﬂregpéetlve first
sai d receiver is approxinmate to the accunul at ed

di d;emaadosandrrespecave Isecgnt lehsszach insdyde 1@ Kidgedrside and
| ens focal length of said respective second | ens
an@ fd@ie'%' ace bet ween said respective first |lens and

d . y -
oo SAAEH LA R\ et ond P R BB 0 fning s
| engsgactivitiote’ 65 BARI lat deaSE one bpéﬁlr@aéhdl |ltl§|flad63|de facing

ridged side and a flat side, wherein said respective
f i sgid rmpaecna/e seczonrd banescl asudduhéemnr@ldaespe@s@smmd lens

of . s t flat
CnFiatyitadlal § e Boia SOk FBRRCPEYLS Nrsihlpnanane &S dilagd side

IaRbl A FEIe en " ana 1 1 ri dged si de faci ng. o ¢

receiver. 13. The apparatus according to claim12,
wherein said respective | enses are substantially
13i MiHeaapparatuzeaccotdinthto algirar 2 ugheceiorshidgespective henses
11, wherein sajd space equals zero. 15. The apparatus
ac%ﬁcﬁ%t@@'%hﬁ"mplﬂ n ei n said respective | enses
are joined together into a single optical elenent. 16
The apparatus according to claim11l, wherein, for

1£20the 3 afrﬁﬁﬁe%bb?dlhgnfo &Pl ¥, wiririn” 8aReEpace equals
one of id | east one

Zero.

15. The apparatus according to claim 12, wherein said respective lenses

are joined together into a single optical element.

16. The apparatus according to claim 11, wherein, for each said
respective lens assembly, said respective one of said at least one
opening is substantially equal in size, or smaller in size, than a

diameter of said respective first lens and said respective second lens.

17. The apparatus according to claim 10, further comprising a closed
structure for preventing ambient light from entering said apparatus,
wherein said at least one opening is located on said closed structure,
and said closed structure encapsulates said respective lens assembly

and said receiver.
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opening is substantially equal in size, or smaller in
size, than a dianmeter of said respective first |ens
wa@pahe®aisde r especti ve second |l ens. 17. The apparel/m2005/001182
according to claim10, further conprising a closed
tr ' B 90t WH rdihid fi
164 4 405 REHER16 8 50 i b R O i
| o¢aisdndrsadisécohddens i seldcted fromdhes grdup lcossisting of:
structure encapsul ates said respective |ens assenbly
and saicylin@deahlensag.anthe apparatus according to claim
10, wherein zl-xt | east one of said first |lens and said
second MP@HAr{&NSES. oct ed from the group consisting of :
cylindrical |enses; and regular |enses. 19. The
apparatuses according to any of the clains 1-18
1S§uﬂﬂte’lap'{)afétusé§ atesedingetd Ay of tlad@¥sint 1a8 substantially as

illustrated in any of the_draw ngs. i
described hereinabove or as illustrated in any of the drawings.
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