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WO 2006/051536 PCT/IL2005/001182 OPTICAL CONCENTRATOR
FIELD OF THE DISCLOSED TECHNIQUE The disclosed technique
relates to optics in general, and to 5 methods and systems for

Wéb?{’c?é'ﬁ?ﬂa’ﬂgg light, in particular. BACKGROUND OF THE DIStiLf&¥ {31182
TECHNIQUE The need to concentrate light is relevant in many
technological applicatiGRS10Ab SeOMNEIINIIRST @RBoncentrating
incoming light rays 10 from a light source onto a photodetector. Such a
photodetector may be detecting the wavelength of incoming light rays, its
intensity, or variplEL Dt FidEdSCLGREBISTECHNIGYBCcoming light
rays. Photodetectors come in various sizes wjth regards to the size of
their actve RRAGIERIG SRR AL SRor i i oS W e o
HNSIEEES Hhiheystskve 1bb sigieetingsudaiemiAipeiaetaetor, with an
active detector surface in the square centimeter range, can cost many
times the amount of a similar photodetector, with an active detector

surface in g SREECUINB G TARIBIEL baeioremosieiteove to be

able to concentrate incoming light onto ever smaller photodetectors. )
Currently, Dpticigeysemensestiatechahd éarelenriveithegsy ichnological

SRS S ek e TR et
fetitveraldiglet bollwerodocespledieddtecty. sihcthaypheledeipstpsumey be

e used, in cases wh ligh trati n tors Js, . .;
B oA G B hE SR T S JEhARIERE S pvarious
sthell.joSpRetiestdteiGridd 6arfiss sdite Minsap fighh daystitl@thtiaghatectors
concentrator.system"” is ditgcted to a system for. colle\pttiﬁ .and.. .
et affie 50‘?‘?51%%5“&@?38@0 ??ﬁés@’&%rﬁ indiedcfive dstecting

uées a
phatesenJtsrpadivimdes aspsusigaifighnpdatplandnereasofateedir active

detecting surface. A photodetector, with an active detector surface in the

square centimeter range, can cost many times the amount of a similar
photodetector, with an active detector surface in the square milimeter
range. It is therefore cost effective to be able to concentrate incoming light
onto evér smaller photodetectors. Currently, optical systems exist which
can achieve the goal of concenirating 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 coliecting and
concentrating electromagnetic radiation. The system includes a
photosensitive medium for capturing light and a planar array iocated

proximate to the photosensitive medium for guiding the light into the
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30 proximate to the photosensitive medium for guiding the light into the
WO 2006/051536 PCT/IL2005/001182 photosensitive medium. The planar
arrz@( includes a plurality of concentrator elements. The concentrator

WaSMEN 8% ¢ch have a circular input and a circular output OFJ%W?(%O&I&&

hyperbolic cross section. Between each input and_output opening is a

iHer WRedieRe s refiBenvBIRTET i dBRIRS g AadlKality  of
CERREERILALS TAdRRECTEHEr USRIIAPRSING I SRRINANABRH! RRESIRIcircular

_through the concentrator element to an output openin%é?yvards the )
iNPdtosBasify S IRGHLRGINDUISIP ARANING. 6381H 6o aeibolis \OTRSRSecHPN.

od "Nonimaging | b Lo i
S RD IbCoR E F, Tro
reflactivenieratesijhéLihatipredivcguidido andiworsraneigtashatd anaigy or

LR R TR SPISE it o
syswapufutiesinciodes dntbptighbiobersdosededianthe focal zone of the

[ is ¢Qll f.ligh jcal mixer,i .
eniranse UBerAIErLNh BN paTEh SRR oBhaly i entited
"Nahenagelydegtandotmaliuteef edtiveundivsing ifea digbstethtiallflitetabd to a

B TR R B R

dbeigystemhi qoitealed byerimank calectasef lighhanshditeetedic dish
towards its focal_zone. At the focal zone, the light enters an gptical mixer.

qQgREMERIe e [ditiSAPIRIREINS YASA R THNRE HPAeTPpIRboBhauCRIRS @
rayistiRrianEal ek Fa&mﬁ%@eﬂ@ﬁia?ndaﬁ@mﬂgteeﬂﬁghm@i: Sybstagjiabm

total internal 25 reflection provides for uniform g%ht flux on the array o

forber Bielidesian ortipakenixab lesatad imeasiiedasal Zraerdidig andary

&Iad; of light. The optical mixer includes a transparent entrance
aperture and a fransparent exit aperture. The optical mixer further
includes an internally reflective housing for substantially fotal internal
reflection of light. An array 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 celis.

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

fens for concentrating light collimated by the collimator, a light funnel for
.



"System for collimating and concentrating direct and diffused radiation" is

directed t t d d llimating light energy failing L
e SIS A PIIETL 0 At fr gl A0t enoigy A i

concestisfadehyThe systebiyioclvdes a cellimdidr ogeglmatingdntidenhliohitisal means

f ing light colli d by th llimator, a light funnel for .
R e sl sl el L
the cotlellimmated tightésgiopnuentratad: Hiranidssenbiy:ot eatvergingeasids prism, and a

iverging prismatic slabs and optical means .towards the.light funnel. .
secon g R B S e S S R AR R S s Sheoign of the
convergiheqgtosnBabiifetivéginthpiistehaSaificstside thechintagingithiams.

converging pLis, @ﬁs&%{ ide. in. (A converging

prism. The iﬁ%%@[(])\? %qﬁgc?%%?o he C%J\ﬁgé?ﬁ%%%gﬁﬂl @J%Cfrom the

indesbotiretrastioh titheaivgrginvgpiismstSUMMARYeDEmEHE! and system. for

Opﬁcaﬁ}%g}rﬁg%_gﬁ%%q\égﬁ%%%?Q%qmgﬁg}glflégse present invention provide

a’novel method a optically concentrating light rays using two
Fleghérseaspsntinidlfirsnaepat. chee inyertidad thieperasupr duideshcentrating light

rays ARPAPHSHOk GONGENIAlNGght fays %E}Y@,%‘&E ;i 1633400 9RERINT from at

onto a receiver, said light rays originating from at one sourée
least gasmuareccstithablsaraidsrneadistahedlisttonscrrsatdratdehst brastsourseurce of

said l&fhts?zi Slight @X&_Qﬁ%ﬁ&i@ R %Eﬂﬁlgﬁ{pﬂl)sqgﬁgln%ﬂly {RLagr dhandthe opening,

size of said opening, individualbeams of said light rays thereby each

ndivigyaliRgrass aid Bisbdightis sithSeishaillyado IRriied, eomiifisinparatus substantially
collinfRSReSvpAsBeneians assamily-iqr cachsald ke astiPie PRABRIo A ening,

at least one respective Fresnel lens assembly including: a first Fresnel

said g frasiopBtetr Pethisen i edplafvasumebsr dariudingast e dipemirlglam located
betweBAld FEGRIVEV foRMAkinG RRIRHG! owith anoRtical axig pfSaid inst FIeRRR! parallel

.. lens, said light rays arriving from said respective one, of said at least one"
with 45 RORY- Bt o SUATE PSSR ks StodAe parh iy waidrrasrbisprctive one

of saiteRScandsaisheacely andalseamEergiacsaid DasalebliBhiaysaiie saitesnc! fens
receiver, wherein each said, at least one opening is located in front of said

and sqidSERHTL: FOS SABY FERE R SEERBIY! IBH Y faar P OFSaH e dpaEhifeeach said
at leadirsh& gsneljendocepteredron hesiocateinief aithiespectivedist, 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.

In & second aspect of the invention, there is provided apparatus, for concentrating
light rays arriving from at least one opening onto a receiver, said light rays originating from
at least one source external to said apparatus, the distance between said at jeast one source of
said light rays and said apparatus being substantially larger than the size of said opening,
individuai beams of said light rays thereby each arriving at said apparatus substantially
collimated, the apparatus comprising: a respective lens assembly for each said at least one
opening, said at least one respective lens assembly including: a first lens, located between a
respective one of said at least one opening and said receiver, for making parallel with an
optical axis of said first lens 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 parallel light rays onto said receiver, wherein each said at least one opening



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

is locaggdyin dEyHPFraidhssRSSE Vlshs s s tispeit b heahnBRESH, sHeregective first

lens, dAQVIEEERARRAFHPpIRACONGENTRIREHIE M EAYSAI WHBE: fROM At deaskPRelocated
opening onto a receiver, said light rays originating from at least one

behind sarbeSaittéinarth YA apsSatuithas Betlebirdangiat Radicotpective

said séQHcaed said light rays and said apparatus being substantially larger
than the size of said opening, individual beams of said light rays thereby
each arriving at said apparatus substantially collimated, the apparatus
comprising: a respective lens assembly for each said at least one
opening, said at least one respective lens assembly including: a first lens,
located between a respective one of said at least one opening and said
receiver, for making parallel with an optical axis of said first lens 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 parallel light rays onto said receiver, wherein each said at
least one opening 3 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. 4 WO 2006/051536 PCT/1L2005/001182
BRIEF DESCRIPTION OF THE DRAWINGS The disclosed technique will
be understood and appreciated more fully from the following detailed
description taken in conjunction with the drawings in which: s Figure 1 A
is a schematic diagram of the prior art illustrating the collimating
properties of convex lenses and Fresnel lenses. Figure 1 B is a schematic
diagram illustrating the converging properties of convex and Fresnel
lenses;



Figure 2 is a schematic diagram of a system, constructed and to

operative in accordance with an embodiment of the disclosed technique;

and Figure 3 is a schematic diagram of another system, constructed_and
W@p@?ﬁf%ésﬁﬁ accordance with an embodiment of the disclosggTMH?(%él.sz

15 -5 WO 2006/051536 PCT/IL2005/001182 DETAILED DESCRIPTION

OF THE EMEBBIRERES GRIRFLON-OF (L EHR BIRANWINGS es the

disacvaniages, oA By 96 Wi L A0 ABURRLERN ER lBbreciated

comprising two Fresnel lenses. One Fresnel lens is used to collimate
mince ity fight thesfolloavivgsdetadeasirde sodstienidakas ize@munction with
thcogcentrate 'th%/ %%%ming light rays onto a small photodetector. The

(ﬁscﬁ%yéﬁgt%gﬁmque provides a product which is lightweight, compact,

and cost EifectveARe ansthematipidgranthefstaepdpticat dlfestating the

cpnventional lenses, he it conc?ntratin li IE collimating light, or
I ATGRE o7 5 LR AN HSRE ST SIGh e S width of
conventignglitensds. iEhis ischieeriatihediagrgre desiatiRgfenencoisamying

made to Figure 1A, which.is a schematic diagram illustrating the
pﬁ%‘ﬂﬁﬁé?ﬁ]&?d?%g%é’b‘f%r&ﬁ‘f\é)ﬁ@ﬁgsand a Fresnel lens. Convex lens

20 has a praperty Wherehheitiaysiadraassing ysuah, itsonufaestateand

collimated provided such light rays pass is through point 24, an ima inarx _
OpSHRtFOIINALSAIEFNES PO M %E%m%@hpga%a %@%%&aﬁwma e
548 an imaginary line known as the focal plane, will be collimated by

convex lens 20. This property is due to the refractive nature of light rays

passing thiguth JifefeREhesariicTHi RN %S RIS RRe 2 §Iricted
APVEXJENRR0 1R KBRWEYASHBS 93 an embodiment of the disclosed

technique.
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20 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
“%ifght ragvs 21 passing through its surface are collimated, provided suc

h
AtY¢: %‘ﬁass through its focal point 28 or its focal plane 35?3%‘}‘5&%182

is now made to Figure 1 B, which is a schematic_ 25 diﬁﬂram illustrating

the convew BESSGRIEFICHY RRTARE EMRAQ M&%T%onvex
lens 20 hgga REeRRILE W B LRI RRIBARELIHBS Sth SOV ER AL 18T the

surface can%e converged onto its focal point 24. This property is due to

RFierredrhclive HTANIFING Iryht PRficphngenisalgl eRERigiInGdwor Frgsael
2,4 ' \Y/ : Qor,xfﬁ),p I

ico iéat%gmﬁga&ﬁgﬁiﬁ%ﬁggﬁ@?g iisr?i conve@g‘;‘é&lW owr%ﬁﬁ‘%%ﬁas

theintiz®. Feasr@llens/35u584 feamncaunsiediespesrenanighisragayonto a

m to Fiaur, hich is ic..di :
R e T O RER RAAIRE SRR @l i
lieyntvesiight nt arhibectlisoidsessteelfiaddive. System 100 includes opening

102, first Eresnel lens 104, second,Fresnel | 1086, hotodet

106, SyStERT0R) (PR B Bt MM A o SR A L e
t@q@ep%@ht%@ﬁﬁaﬁ@n@}ﬁgmam‘ asdrighieotedizpérdmetigiy, 122 a
is located op the focal plane of first Frespel | 104, tered al .
ERRHAN Hi1a S MRIME 18RS 19 Bl < RENE HoDG dFarRs108 1S 1S
RprepinadiPnsdocatedihirank pitist & iesnehenaddd Figunsias axisich is

112 passes through the focal points of hoth Fresnel lenses. ? ening 102
A ARHRRANSHRTPER ARG RN HAHTGCRIRRREIES A1 ArEQRLPX lons

BpasrR4andsH0. sines! (BRdigt RAteHNSSYSeWINAHS IRNRNAES 21

102, may not be concentrated on photodetector 108. Side 114 of first
pREs BHeud iBrRigdacamsras imetets povigded ssird skt rays pass

through point 24, an imaginary point known as the focal point. In fact, any
light ray passing through line 26, an imaginary line known as the focal
plane, will be collimated by convex fens 20. This property is due to the
refractive nature of light rays passing through different media. The
distance from focal plane 26 to convex lens 20 is known as the focal
iength and is specific for the particular curvature of convex lens 20.
Fresnel lens 22, just like convex iens 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.
-6
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15 is flat. Fresnel lenses can be referred to as ridged lenses as their
unique design gives them the appearance of having ridges. First Fresnel
lens 104 has its ridged side 114 facing opening 102. First Fresnel lens
WORPUE 1 ¥Mcond Fresnel lens 106 are substantially similar iR L2 eEHE
Fresnel lens 106 is located behind first Fresnel lens 104, centered on

optical axide3erenossish AN oRIR alls E@Jf)%sges"‘fmﬁhgﬁ itd fschematic
Peitmide 4 abrecpiibrpynetisandas widesdsnisisanndeddiale

second Fresnél lens 106 is flat. Second Fresnel lens 106 has its flat side

in 130RRIAgNepaNikYy a02mosdisnanidh e ofigclasrd deshnidumiquystem
fEEALBEC0BHIERR ROALIRERRSHEND 1045 H [asierBis 105,

joining side 2511 irst Fresnel lens 104 to side 118 of second Fresne
denk pbetddetandtiert Ombodistanof tAE dRayded teonarpidatiRet Mretlaged

04 E . . '
S T e AR R i SR TR S o
diveiag [BnCiishingn & ite datesiden1the fiudad plpering ficst. fnesnethiens
bodi t of 30 the djsclosed t i F |
e TRg s BTl Speiang) 105" ErotDaLiatior the 1o beabon
@méﬁ%ﬁ@ﬁb plage GYpW@\@WGﬂ?ﬁtE@Hﬂhﬁi@M%@ﬂ@dm 104.
resnel lens , centered on opt . todetectqr 108 |
(UREED BRSBTS I AL DS EIaLEBPS
@%%&ﬁdgcmd:@n theyaRatipeintiohiseannyl Figssehigas 42 the diameter of
Photodetector 108 is significantly smarlg:?r than the size of opening 10%{};5 via

hesBfl WRDALInaRE B SRR Rir NS HaRb AR NG HRYPASY 11

8PYarR) SUstemalONdtoE BuAtiie ditestionphocsndngigomY SO 4 of
to be concentrated on photodetector 108, pass throuﬁgh opening 10

ik B OIS B05 JORRG 908 %, WGERRS B SRR TR b Iens 104
Aisiance-painaen sysern thanddhe $aree oflity 184S dd @A their unique

design gives them the appearance of having ridges. First Fresnel lens 104
has its ridged side 114 facing opening 102. First Fresnel lens 104 and
second Fresnel lens 106 are substantially similar in size. Second Fresnel
lens 106 is located behind 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 108, in
another embodiment of the disciosed technigue, first Fresnel iens 104 and
second Fraesnel lens 106 are located a distance apart from one another.
In a further embodiment of the disclosed technigue, first Fresnel iens 104
can have iis 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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10 each individual beam of light passing through opening 102 will pass
there through as a substantially collimated beam of light. Opening 102 is

the only way for incoming light rays to fall incident on Fres ?g es 104
W08 Bacause system 100 may be completely encapsu% elﬁ%?ﬂﬁﬁbusz

cl d struct 14. Sj ing 102 i ler th
O RRBRY [BFPoLFEs rNee SO LA OB RIPLALS Joame Tl EtEster
1iae feccRiene etliipid respehienErégdehnieighti®gs papisisgthsangh that

opening 102 and falling incident on first Fresnel | 104 will b
Plablosiarainy LoRIRdRSRIEH Qb UE0SR) BRIANEN SRAHS HRSTE Sifen 06-

PHB&?H?&E{FQPgbafiésk'_@r%ﬁﬁﬁh'@@&%%epdﬁ%iﬂ?@@!if@éigb ERIAG- 108,

pass through first 20 Fresnel lens 104, they emerges as substantiall

clc)llima.tea_smjﬁma?@(l morksdife faHelgpwng: ssaarehzsh eampioight
. ‘%é‘%‘%’ﬁﬁq\f 'Eﬁ%ﬁf@%&%iﬁ?&%%ﬂ@ﬁﬁ%ﬁ%@l@&iw&@hllﬁ@!ﬁrﬁ&ﬁﬁﬁgm
en fall 6. Since the li

incident on second Fresnel lens 1 ht rays falling

riyeidéntdn decdrl Pereentistrdl oRarhaipdeieeiny dSinRagstHEymah
oBETPHLRS: SHSRARE 0 ARG B e et

oca of second ince photodetector 108 is
tHacathd disthadedatpeiarotgetamdl G0eand leasseosseon iggbrayight A,

rays.110.C exiting second Fresnel len ill
CHRDBIRCHE TR Th G b PTG e P e B TR R b23s there
tm@u@ed rﬁﬁrat b Erastheljeos|itdhmnt seaondi-lightel Bpsiiog, akRoisgthe

e to the ridged nature,of first Fresnel lens 104, s f substantiall
R e e T S e
10ignsssa shehilysenee 1y magsibrevgiplsstirescebennidi withie closed
amount of dispersion, in terms of distance from the ends of

d,.
SHHEHERIA14 100NBERPRR'ER SP AR EMEL BB Uit Erdingliameter
JERSESHAS hissdistangehptweasn thedwntepringnsemareasss, e focal

plane of first Fresnel lens 104, any light rays passing through opening 102
and faling incident on first Fresnel lens 104 will become substantially
collimated, or substantially parallel with one another, after passing through
first Fresnel lens 104. Once incoming 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 coliimated 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 108, although due to the ridged

nature of first Fresnel lens 104, some of substantially colliimated light rays
8-
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5 amount of dispersion, in terms of distance from the ends of second
Fresnel lens 106, also increases. If the amount of dispersion is significant,

Wthcg&]ghe diameter of second Fresnel lens 106 needs to be 'Bgrf?lz%ﬁﬁismou

cor&%lgsf‘f to converge the dispersed rays that pass through fir esne?2

TR e e T

TREcEReblansoft iisplspsnnieth thahiissbFtispadentrd@dtaadssrirond second
Fresnel lens 106 can be replaced by a double-sided Fresnel lens. é%s
FreRner o) 106 fiReR9BgRePRnt18 o SHAACE CBRRNERR e Red dETESRe

[ REL be seplagedibi AP Betivakd At swe Hkhinaldrsss oharasdal the

lens. Reference is now made to Figure 3, which is a schematic diagram

apicunihet sjisrarrigndraliprereréiceiprreoieiLciRl &S brdRRoNd
#ﬁ%ﬁl&ﬂsgg;?] ,@@ A ‘%@E@‘?Wf%@Eﬂ%}ﬂ%%@'ﬂé‘?&%-is%!%ﬁﬂbant,

nclu ree Fresnel lens sets which are each substantially

theimiltheo digstaiel 6 (Fegond2f-epseinianD ihehideessetings 1insieased
1428 and 142c¢, fi I
o G T A
idinst Fpdsmeldarseinddieaidr4iBBand 144c is ridged, whereas the other
side of egch of first Fresnel lenses 144A. 14 44c¢ is flat [
of 25 eacﬁ of &%8 dié?igﬁg Igﬁgggéﬁgﬂ%‘ 111@5%?1@ f%&? ?séﬁﬁééa %:ﬁéilqgns
1\ehetapsdhehatkeraitieceticay taof wandncklF e srmidériens. 14645 288 aoidd
146¢ is flat. Fir tFresn&l lenses 144A, 1448 aritd 144c¢, and second

teasdiral iEraaeh peR 10%ROAPPaRR I FESSRARNSIN Gl Resigplaced

By ReriBabid2Adsdoraied indhe foralslamehef fiistddabia!fiens FagshdAens
centered along optical axis 152A of first Fresnehlens 144A €1Q_nd secorg]d

PRI SREINB A TORRRIING 1 NG FoERRACT RERtRRARSGHRL R SBNerical

lens, a cylindrical lens, or a regular lens.

Reference is now made to Figure 3, which is a schematic
diagram of another system, generally 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,, 144 and 144¢, second Fresnel
lenses 146,, 1465 and 146¢, and photodetector 148. One side of each of
first Fresnel lenses 144,, 144y and 144 is ridged, whereas the other side
of each of first Fresnel! lenses 144,, 144g and 144c is flat. One side of
sach of second Fresnel lenses 146,, 146 and 146 is ridged, whereas the
other side of each of second Fresnel lenses 146,, 146 and 146¢ is fiat.
First Fresnel lenses 144,, 144y 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 146,. Opening 142, is located in front of first Fresnel
-9-
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WO 2006/051536 PCT/1L2005/001182 lens 144A. Optical axis 152A
passes through the focal points of both Fresnel lenses. Second Fresnel

lens 146A is located behind first Fresnel lens 144A, center '
W%gof‘g%&?'guch that optical axis 152A passes through its fogcgaﬁo%}bgl)gr?tgl%ghsz

Opening 1428 is located on the focal pl ffirsts F 1 448,
Mkl PP e 20053 285 BRI FALOHG el 1278 o B both
FreasRe||isnse 4468 cOneainesknaB isriecatey i fropaweid fisehriednet IFrssnel

1448. Optical axis 1528 passes through the i%cal oints Pf both Fresnel
9L BTN SeP RIS A3 T8 S LI ARHCR N L FarRRSSeS

tiﬂrﬁ%gkﬁﬁ@t%égi%ﬁmicéﬁéﬁn@%éyﬁ‘ [behieRiien MdsiiedbgRnassetst

its focal point. Opening 142c is located on the focal plane of first

Fresoiell leng 1446, cantsiad P pRigE@I 362 pkiinstdsirgnehdens
6 I ) . . . 3
1#%6‘ eﬁﬁﬂ%ﬁ&ﬂ& EF%%R%L %1@%‘0 eSIUREN+ 2855 IRcieg:dn ot of

ens 144c. Optical axis 1526 passes through the focal points
fissbbteshebtansehdds. Joptindl FrdsnébRmpaasssishovdghutis keeahdoints
first Eresnel lens 1446, c [ jcal axi 6 Te :
Oa%x%l)s? &%Eé %sgs%ljg]{ﬁr%.g r?g%s% ?ggja?%g %‘8 g ﬁ%?éogd i?eéc?to%’um Hilsg%?g(tﬁf g nﬂrSt
Rhesingé rigactiontdi thesfoisak ¢ lane spiicaicants FIéShebletisdbaldeniicasaxis

146c¢. Photodetector 148, is located behi d \E I

a5 AMCHER RS2 Rl s TR et SEe Mo TER (LR fgsa!
;itm@@:’lﬂl enErebsetdans Rréspetlenisesd 488nd AGdiaat 446c1 Secaidirst
Fresnel lenses 146A, 1463 and.146¢ are f] h that '
TR A s G SRR S P o etr B0 earnyoeated
iBmadier Sianrdhesizmef anenings 14 2ptit4RSriadBA26p QneningsdlaAthe

1428 and 142c can vary in size. If the 25 ' I than th
(@BahERIE: oS TEPRIRETShe GRHSAoh(eHEH RSyt EAbaIe

SRS GHA2 A JA78 361440 MassResRe) eanepiicated 08 nEtodrientanat
148. In an embodiment of the disclosed
optical axis 152 passes through its focal point.

Photodetector 148 is located on the intersection of the focal
planes of second Fresnel lenses 146,, 1465 and 146;. Photodetector 148
is located behind second Fresnel lenses 146, 146z and 146¢. This
means that photodetector 148 is located on the focal points of second
Fresnel lenses 1464, 146z and 146;. Second Fresnel lenses 146,, 146
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 1425, 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,, 142z and 142¢ may not be
concentrated on photodetector 148. In an embodiment of the disclosed
technique, second Fresnel lenses 1464, 1465 and 146c are each
respectively fit together to first Fresnel lenses 1445, 1445 and 144¢ by

respectively joining the flat side of each of first Fresnel lenses 144,, 1445
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technique, second Fresnel lenses 146A, 1466 and 146¢ are each
respectively fit together to first Fresnel lenses 144A, 1448 and 1446 by 30

W|res ectively joining the flat side of each of first Fresnel lenses 144A, 1448

QR0 5806/051536 PCT/IL2005/001182 and 144c to the TeapbebiRonLp?
side of each of second Fresnel lenses 146A, 1468 and.146c. Each
aprbdfdadndhe resresivrifigi Ride el b syeRcgnA s Aeshigh lensnoi 464,
1883 4AdA a51d second Fresnel lens 146A) is configured to s receive light
rays, for example light rays 150A, 1508 and 150c, coming from different
directiond=®GR FoasndPBE IR ARSUOREHEEH (671 GHamPR APESTNgnT 42,

femsﬁ%égﬁeslﬁé??sam%5%ﬁoa@afm %‘&‘?éllfé}éu'?ﬁ@?“%%fﬁ%@ﬂ?éﬁdto

Each individual beam of light arrives at system 140 substantial y

reotineatightiays thersixamiip ghigaya 1&0n 28 @manh 2680 seming from
, all i t
RIS TGRS RHpLRE OB P AR B eIt B, 37 oaen
chalihEreaye| 165, settihd apenid§owitdinespeet teysierandtiersibstanially
that photodetector, 148 is simult ly lpc at.the focal,pai a
IR e ol e R o R e A o0
slfh¢hendistiosedimatedatiped Enesarzident spenargsopéBingsédre and 142¢

configured to receive light rays,coming from different directions. Th

el S AriHEoH o7 S e i SR BRI R Gth 40 and

tT@@@%’f@@ @hﬁeigfgwﬂti’lﬁ}@,fiS(?MC’rﬁft}b@hpﬁoéaﬁ%tedfﬁeﬂé&iﬁmﬂ' thneienshtion
cated at the facal point of each second Fresnel lens of each Fresnel

qﬁﬁé@%&%ﬁ@#ﬁ%ﬁﬁﬁi é‘ms{mm%wﬁfbﬁ%ﬁa%m LBRAIHNGH Is such

tHiepiRIs deiBR1soNaeNE RALMRIND SHgIR BRRlEdstestofolaViidiet of each

appreciated by persons skilled in the art that the disclosed technique is

sanFiEe whiantehearpareenelPeRRH arty another embodiment of

the disclosed, a plurality of Fresnel lens sets and openings are configured
to receive light rays coming from different directions. The location and
orientation of each Fresnel lens set and opening, with respect to one
another, is such that photodetector 148 is simultaneously located 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 photodstecior.

It will be appreciated by persons skilled in the arf 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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described hereinabove. Rather the scope of the disclosed technique is 25
defined only by the claims, which follow. -11 CLAIMS 1 Apparatus, for
concentrating light rays arriving from at least one opening onto a receiver,
said light rays originating from at least one source external to said
CLAMWd&S atus, the distance between said at least one source of said light

rays and said apparat ' tially I ] i id

1. SRR v o BEr L UL TSE 5 e M adtoh o ataone
ammg?gf@mamtmmc,lemﬁﬁnmmJigjmraysirtgii@imaﬁp@cfmmsmséme
assem or each said at t ing, said at least i
ST S o B S e
regprelvuRRe of Saild AgaghenampeRing apgseitikeeeivey, dabmaktialy
parallel with an optical axis of said first Fresnel lens, said light rays

arfiggTARdRe relgfe QfveaR opesinEat RAMR! RRAMS; efhgajd light
Se%y@' {RESE5) lenenepalrdaess spadist iy sunnldensa@neshifated,

recelver, for converging said parallel light rays onto said receiver, wherein
eachrspidsit@izast one opening is located in front of said respective

Fresnel éepg%%"y]%lf)%a%g‘@? f%@?g i F;Zii%ﬂ%%%ﬂcg\é?dﬂ [d5sM e

lens, centered on point of sali tive first Fresnel lens,
whepeinisgjd saidivert s iemsttedhehirespactivaid Brdenst ofensegrasivbly
Fresq Hens_ assembly, on the focal point of the respective said second

Fré’gﬁg Q’gs

a first Fresnel lens, located between a respective one of said
at least one opening and said receiver, for making parallel with an
optical axis of said first Fresnel lens, said light rays arriving from said
respective one of said at least one opening; and

a second Fresnel lens, located between said first Fresnel lens
and said receiver, for converging said parallel iight rays onto sald
receiver,

- 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.

2. 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

12
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2. 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 12 second Fresnel lens and the space between
said respective first Fresnel lens and said respective second Fresnel

lens.g3cdhe PRANEEH30SRICIRG AR AwsBATen S sesnas g first

5 Fresnel lens and said respective second Fresnel lens each include a
ridgeld SFAE! FIP ANA SIS STRRTIR S8RPRESHERSIA! et Fresnel lens has

its ridged side facing said respective one of said at least one opening and
its flat, side facing said respective secqend Fresnpel lens, and wherein said
0 roLIb e BUD R LRI o oA M S0 e BSR Ve dBBbave
first Fresnel lems amtl stédidped cide facingrisaidyaseives.c 4o ietiude
appa&iw%%c&ﬁgdmgﬂ?% g wherein said respective Fresnel lenses
stanti

are su ally similarin size. I5 5. The apparatus according to claim 2,
wherein $#i¢§paceidggsse i fisstTheapphletasascior dinged claien 3,
whergi3f %i@?@ﬁfé&%@@n’é@%@%&%ﬁ%ﬁétr%r%%'%%@ﬁ?%e%%r :'f%t?{aat
single oplical element. 7. The apparatus according to claim 2, wherein, for

eachP85darE S8 EER RESHKE ISRSORSSEFEBIYE iEisrespbetiidinesaidaid

at leasbepevereaingis substentiahy eaua! inssing: asigmaliery sizgy 25
than a diameter of said respective first Fresnel lens and said respective
seco’ﬁaﬁ‘?r%%"ﬁeﬁ %szesnef fens and its ridged side facing said receiver.

4. The apparalus according to claim 3, wherein said respective

Fresnel lenses are substantially similar in size.

5. The apparatus according o claim 2, wherein said space eguals

Zero.

6. The apparatus according to claim 3, wherein said respective:

Fresnel lenses are joined together into a single opticat element.

7. 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 Fresne! lens and said

respective second Fresnel lens,
8. The apparaius according to ciaim 1, further comprising a closed

structure for preventing ambient light from entering said apparatus,

wherein said at jeast one opening is located on said closed

13



8. The apparatus according to claim 1, further comprising a closed
structure for preventing ambient light from entering said apparatus, 30
wherein said at least one opening is located on said closed 13 structure,
and said closed structure encapsulates said respective Fresnel lens
asstrudilyrendrehishidosiveedsThetupp encapavtaieingid cespettive

t least one of, said first Féesnel. lens and said second Fresnel

Y(\elu_ﬁsrrqeér'l% |£e&(§gaﬁ8ﬁﬂR g%BapS% r{ggﬁhvge bf: Fresnel lens; cylindrical

Fresnel lens; and double-sided Fresnel lens. 10. Apparatus, for
concentrating light rays afriving from at least one opening onto a receiver,
- il RAB R ASRREF IR AR dndvRSTHE: AR IS QLA st
aPPREANS) [BSstiTiaNes deRATTIE SHAE RSHhsONE SeldsR @ffRaH tigdigroup

rays and said apparatus being substantially larger than the size of said
op&amYStVviual beams of said light rays thereby each arriving at said
apparatis, tantially collimated, the apparatus comprising: a
respective lens assembly for each said at least one opening, said at least
one respadinsial SaeseRibBNACRNg: a first lens, located between a

respecti\éeqﬁgu% -%fi qggﬂ ﬁégﬂ@i I3?1§ opening and said receiver, for making
|

parallel withan optical axis of said first lens said light rays arriving from
said respective one of said at least one opening; and a second lens,

SRR etiora nd 7 GRSl one i SR one
opeipegiisg ansiedindtanvef seidd light rays originating from at least one
source external to said apparatus, the distance between said at least
one source of said light rays and said apparatus being substantially
larger than the size of said opening, individual beams of said light
rays thereby each arriving at said apparatus substantially collimated,
the apparatus comprising:
a respective lens assembly for each said at least one opening,
said at least one respective lens assembly including:

a first lens, located between a respective one of said at least
one opening and said receiver, for making parallel with an optical axis
of said first lens 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 parallel iight rays onfo said receiver,

wherein each said at ieast one opening is located in front of said
respective lens assembiy, 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.
14
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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. 14 '11.
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 5 accumulated distance of

the f@l“rfé l%@gg?a(%éﬁs%%g?@ﬁ@“\{s flf%ﬁrﬁeq%z the 198 '%Q”Aé’éns%g'{
respective cond lens and the space between sai Pespectlve firstlens
and sgfpestpe dttive ssewntiierse IPstEnesaivparanid expmtling twelaim 11,

Wher@H?dsﬁidlé%éP%%té"%éiéﬂ'inﬁot&P@éié"r@é@lﬁeﬁépﬁgﬁ%ﬁ%ﬂ%'ﬂ{bs
d si sal

each include a ridge e and a flat side, wherein respective first

lens R&8YRWRIGE (iR RRiRG tBaidaeplepgte shewfistranaciadsticie
openjggsafikits dlatisiten faciasridsesnrciNesrecRnd lansiRnghgberein

said respective 15 second lens has its flat side facing said respective first

lens 2EHRSYRAIRASSRRAALEHY LRI PRRARH e SPRENP 55RA0L '§BE ording

to claim 12, wherein said respective lenses are substantially similar in
ize. 20 14. The apparatus according to.claim 11, wherein said spac
S R RS R G T8 vl
respdetivear2b jerbessprrjoineskbtogethendntach simgieieicalgldmisiat, 16.
The apparatisagcording to claim 11, wherein, for each said
wherein said respective first lens has its ridged side facing
sald respective one of said al least one opening and its flal side
facing said respective second lens, and wherein said respective
second lens has its flat side facing said respeciive first lens and its

ridged side facing said receiver.

13. The apparatus according to claim 12, wherein said respective
lenses are substantially similar in size.

14. The apparatus according to claim 11, wherein said space equals

Zere,

16, The apparatus according to claim 12, whergin said respective

ienses are joined together inio a single optical element.

168. The apparatus according to claim 11, wherein, for each said
respective iens assembly, said respective one of said at least one
opening is substanliaily equal in size, or smaller in size, than a
diameler of said respective first lens and said respective second

lens.

15
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respective lens assembly, said respective one of said at least one
opening is substantially equal in size, or smaller in size, than a 30
diameter of said respective first lens and said respective second lens. 15
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 5 structure,
and said closed structure encapsulates said respective lens assembly
did Seid regsvatusl 8ctdreliagparataisratOp fdntigetocolaipnisioy wheneikdat

Ieastsrucufg id frst lens and galdﬁe%?ﬂ%ngré%tlgﬁsele%d from }he
group to con5|st|Rg ? )ﬂ%gl’l es; and regupagr ensegp_a@)a
appardiasss amdrdihgeesingref theaﬂmmssl-lmeﬁauswnt&ﬂlsi lscasd

descrifoe ey eipaPaYRiOnAS IUSHAERI AR AL EraineS v

tens assembly and said receiver.

18. The apparatus according to claim 10, wherein at least one of said
first lens and said second lens is selected from the group
consisting of:

cylindrical ienses; and

reguiar lenses,

18. The apparatuses according to any of the claims 1-18 substantially

as described hereinabove or as iflustrated in any of the drawings.
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