1 DESCRI PTI ON FRESNEL LENS TECHNI CAL FI ELD 5[ 0001] The invention relates to
a Fresnel |ens. BACKGROUND ART [ 0002] There has been known an apl anatic
| ens, as an aberration-free lens (e.g., see Hroshi Kubota, "Optics", 12th
edi tion, Iwanam Shoten Co., April 9, 101986, pp. 282-283). [0003] In a
lens with a lens surface 71 shown in Fig. 10, in order to collect a |ight
beam Lb parallel to an optical axis Cﬂa of the lens at a focal point F with
a constant light path length, it is necessary to neet a condition of "RF =
HF", where "R' denotes a refractpgy@@iptidQ the lens surface 71, "H'
denotes a 15 point at the interse??%on]?ae optical axis Opa with a

per pendi cul ar extendi ng downwar g*ﬁéh raction point R (that is, a
foot of a perpendicul ar extendi%ghgomagﬂﬁpﬁgioptical axis Qpa fromthe
refraction point R), "RF" denotes a |light path | ength between the
refraction point R and the focal point F, and "HF" denotes a light path

| ength b intersection point Hand 20 the focal point F. In order
to neet ﬁh@egﬁﬂﬁﬂgpéi "RF = HF", it is known that a hyperboloid or an

el lipsoid js necessarily adopted as_ the | ens surface 71. Here, in a case
mhere5thio?éﬂsﬁiﬁﬂpﬁéém?@Iﬁgnﬁsﬁyﬁéﬁﬁépﬁﬂﬁpsmhen a refraction index of a

|l ens material is denoted by "n" and a back focus of the lens is denoted by
"f', the lens surface 71 is represented by the following 25 Formula (1). 2

0004] [Math. 1] (z - c )2 x2 + y2 b a22
[ ] [BACKGIluO{JND AR%’ Y

[0002] There has been known an aplanatic lens, as an aberration-free lens
(e.g., see Hiroshi Kubota, “Optics”, 12th edition, Iwanami Shoten Co., April 9,
10 1986, pp. 282-283).
[0003] In a lens with a lens surface 71 shown in Fig. 10, in order to collect a
light beam Lb parallel to an optical axis Opa of the lens at a focal point F with
a constant light path length, it is necessary to meet a condition of “RF = HF”,
where “R” denotes a refraction point in the lens surface 71, “H” denotes a
15 point at the intersection the optical axis Opa with a perpendicular extending
downward from the refraction point R (that is, a foot of a perpendicular
extending toward the optical axis Ops from the refraction point R), “RF”
denotes a light path length between the refraction point R and the focal point
F, and “HF” denotes a light path length between the intersection point H and
20  the focal point F. In order to meet the condition of “RF = HF”, it is known
that a hyperboloid or an ellipsoid is necessarily adopted as the lens surface
71. Here, in a case where the lens surface 71 is a hyperboloid, when a
refraction index of a lens material is denoted by “n” and a back focus of the

lens is denoted by “f’, the lens surface 71 is represented by the following

25  Formula (1).



-1Formula (1) [0005] Here, Formula (1) is obtained when defining a
rectangul ar coordi nate system in which the focal point F of the lens is
enpl oyed as an origin, a5 z-axis is specified on the optical axis Opa, a
x-axis and a y-axis orthogonal to each other on any place surface
orthogonal to the optical axis Opa argzspecified, and defining a coordinate
of an arbitrary point on the |lens surface 71 as (x, y, z). Then, a, b and c
in Formula (1) are provided by the followi ng Formula (2), Formula (3) and
Formul a (#ho4y §speet hyel y. 10[0006] [Math. 2] f a-Fornula (2) n+l n b -
n+l -1f Formula (3) n c- +1fFormula (4) n [0007] Further, as shown in Fig.
11, there has been %nogn aacondenser |l ens 101, in which a rotation axis C
of a hyperboloid-iﬁ _thatyis an eniss%%ﬁnﬁgrl?ce (a second surface) is
oblique to a norpal Iing2N of a plane Surtace’ 110 15 that is an incident
surface (a first surface) so that an angle 0 is fornmed by the

[0005] Here, Formula (1) is obtained when defining a rectangular coordinate

system, in which the focal point F of the lens is employed as an origin, a

5 z-axis is specified on the optical axis Op,, a x-axis and a y-axis orthogonal to
each other on any place surface orthogonal to the optical axis Opa are
specified, and defining a coordinate of an arbitrary point on the lens surface
71 as (x,y,z). Then, a, b and ¢ in Formula (1) are provided by the following
Formula (2), Formula (3) and Formula (4), respectively.

10 [0006] [Math. 2]

a= f Formula (2)
n+1
n-1
b= f Formula (3)
n+1
n
c=—o0 Formula (4)
n+1

[0007] Further, as shown in Fig. 11, there has been known a condenser lens
101, in which a rotation axis C of a hyperboloid 120 that is an emission
surface (a second surface) is oblique to a normal line N of a plane surface 110
15  thatis an incident surface (a first surface) so that an angle 0 is formed by the
rotation axis C and the normal line N (Japanese Examined Patent Publi-
cation No. 7-36041). In the condenser lens 101 having the configuration
shown in Fig. 11, when a light beam is incident upon the condenser lens 101
with an angle 6 formed by the light beam and the rotation axis C, the light
20  beam becomes parallel to the rotation axis C of the hyperboloid 120, inside

the condenser lens 101, and then is aplanatically collected on the focal point



rotation axis C and the normal line N (Japanese Exam ned Patent Publi -
cation No. 7-36041). In the condenser |ens 101 having the configuration
shown in Fig. 11, when a |ight beamis incident upon the condenser |ens 101
with an angle 6 forned by the |light beamand the rotation axis C, the |ight
20 beam becones parallel to the rotatijon axis C of the hyperbol oid 120,

i nsi de the condenser lens 101, and then is aplanatically collected on the
focal point 3 F. When a refraction index of the condenser lens 101 is
denoted by "When!dhfe@Adich fhdBeSSha®hllefsd@ns 1Alis! ®notb 869+ =Mei n0. I'n
this case, the hyperboloid 120 i1s represented by the abovenenti oned Formul a
(1), whe ien| A ofo) hnatexsygt e i £ e f.ocal

bot nt P (e CIa0Rs AR B0 AL 2 AR RTRLSHD! ITh il Mlel Rk MBS on
axis C of 1-h0l Qi X-axi n y- axi rth nal t ach ot her
on any plPsbdBR AL e Rie DRt R s RO Bt P oA R Mo B R

[ 0008] Further, i,n_the abovenentioned,J nese am ned Patent .Publ i -

cati on, &re§ﬁ%ulﬁﬁ C‘I}—?rélél.latfﬂ(sg%’ ﬁgbl‘ﬁﬁ@}ee%ﬁ%@%&ﬁe reélb%]g’gadtaﬁérbonde-
10 nser lens 101, which is.a, Fresnel |ens, and iL.np which th otation axis C
shar e by HBet Baror doonesific 0b TR ool ek Briculiledcd & Sortue o
the plane surface 11Q of a first syrface in order to suppress occuyrrence of
an of f - a}i"§ AFHFACr goPﬁIFhP%dkaéé?(Fh%nY %%%%W@%“h?ﬁ S%P%ﬁﬂéﬁ¥21, 122
and 123 configure | ens surfaces. 15 [0009] The above-nenti oned Japanese
Exani ned et apgyy peaspeiiigdscribes that in the Fresnel lens 101 in Figs.
12A and 12B gn_angl e can _be fornmed between a parallel |ight beam

apl anat i ¢2908/ Forthast an the abdvesadntiwiast JapanesenBxamined nRatgngfPelle pl ane
surface 110 according to an angle forned by the rotation axis C shared by

t he hypechtbni ds shown mPigemd 2008ndd@ B, Hbept hae ROnspropased the comter ef or e,
in the Fresnel lens 101 in Figs. 12A and 12B, the occurrence of the

of f - a%i s nabedemrd 164, cdnchassagfresssletbnsarahd ighwhisbatte fottiom dikie€t i on
oblique to the normal line N of the plane surface 110 can be effectively
col | ect edhared by h§pafjolbioeehdr, 120 mridnhE23-ofs setordesnsrfaéilisosbifqugutreethesuch
that the rotation 25 axis C of the hyperboloids 121, 122 and 123

conf i gur piihd herfecd 330 of asfitfst atefadeiif okl Golgupprdshecoarm@mle loif ag Mfof t he

pl ane surface 110 that is the incident surface, the hyperboloids 121, 122

and 123 aki a¥rrh€ibal | DR3hisycssuNoRS béHevtivB Hypepbsibido12 el 2wanal143 ne N of
the plane surface 110. Therefore, the Fresnel lens 101 or a netal nold for
the Frespghfit@rsledQ@kurmcdsfficult to be
15 [0009] The above-mentioned Japanese Examined Patent Publication descr-
ibes that in the Fresnel lens 101 in Figs. 12A and 12B an angle can be formed
between a parallel light beam aplanatically collected on a focal point and a
normal line N of the plane surface 110 according to an angle formed by the
rotation axis C shared by the hyperboloids 121, 122 and 123 and the plane
20 surface 110. Therefore, in the Fresnel lens 101 in Figs. 12A and 12B, the
occurrence of the off-axis aberration can be suppressed, and light beams from
a direction oblique to the normal line N of the plane surface 110 can be
effectively collected.

[0010] However, in the Fresnel lens 101 configured such that the rotation

25  axis C of the hyperboloids 121, 122 and 123 configuring the emission surface



5 produced by rotary formng with a lathe or the like. [0011] So, when the
Fresnel lens 101 or the netal nold for the Fresnel lens 101 is produced, it
is necessary to use a nultiaxis control processing nachine and formthe
hyper bol oi ds 121, 122 and 123 or respective curved surfaces by cutting at
m nute pitches while only a bl ade edge, of a sharp cutting tool (tool) 10
130 with a nose radius (also referredz%o as a corner radius) of a few

m cronmeters is brought into point contact with a workpi ece 140, as shown in
Fig. 13. {IRg ekl @eenddali Bn@ NBBendBlAld dlrhos 180186t Ly thoifiiagnt he
Fresnel lens 101, or a base material for formng the netal nold. Therefore,
the proc i i uehNg f i l..len 1 or
ot al 15 hie SO aLR Pt A, BFHED R ADARAY e ERE TS, 6y

the Fresngly! r%gﬁec]to {5 #8ﬁﬁgﬁﬁﬁg N [o?qg%g}pl%e tsﬂ?#a%‘é N Nafdyob e 2pgase

where the cross=secti onal shape of eac ens surface’in the cross-sectional
shape i nch udi t he rmal _|ine of. the plane syrfac hat ,i.s the incident
surface retsﬂglg}?f’@s]n o gnmeiy {nloﬁu%i?l: tl?%zﬂ%mﬁelﬁgss tjfgcglsfﬁ(é‘tlﬂttﬁeb%urved
surfaces corresponding to the | ens surface n be formed by cutting while
the ¢ ttﬂﬂBdPﬁﬁfgﬁ§@“&¥fpﬁepﬁﬁgﬁﬁhﬁiﬂbpégﬂé%ﬁﬁk% t he wor kpi ece 140 so as to
bring a si surface of bl ade.into line contact with the_workpiece 140,
as shownsfpﬁfﬂi 3{0, Y ,enﬂ}hﬁ?saF@%lsﬁw Wy themrtar gﬂiiﬁtf?roﬂwo?“r%w?é%%essi ng
time. Here, in a_ Fresnel lens in which the shape of each lens 25 surface in
an enissﬂ6ﬂl§mwpéﬁ@“#étwdﬁé@ﬁ%ﬁﬁWP}$§yhﬁ%@Fﬁ%men§ﬁﬂW69WﬁﬁuﬁiHEwhHﬁhal l'i ne
of the incident surface as a rotation axis, it is known that each |ens
surface iadafopmobhierayrerbplpids d2del 3% pandde3air respeeidve pnofedcyrdacestsr eby
enabling the cross-sectional shape of each | ens surface to becone |jnear
(US Pat erutting at pginree pitches oduB]only athledredgaef alsbasp totting setldsed) i n t he
above- nenti oned Japanese Exam ned Patent Publication and the Fresnel |ens
di scllfsed 30rwithea aivew eradr (dsedefldbrddatens 2 emrnentradaed dfi gytiew beani s
infrared light, and these two docunents disclose that polyethylene is used
as a | ensnevereis brougfiOhdg pbirtti @erthed Wyth & wdrheiddeeb4®lad dnsymn ainvifigch t he

shape of each |ens
13. The workpiece 140 is a base material for directly forming the Fresnel

= q))

lens 101, or a base material for forming the metal mold. Therefore, the
processing time for producing the aforementioned Fresnel lens 101 or metal
15 mold for the Fresnel lens 101 is increased, and then the cost of the Fresnel
lens 101 is increased.
[0012] On the other hand, in a case where the cross-sectional shape of each
lens surface in the cross-sectional shape including the normal line of the
plane surface that is the incident surface of the Fresnel lens is linear, the
20  lens surfaces or the curved surfaces corresponding to the lens surfaces can be
formed by cutting while the cutting tool 130 is inclined with respect to the
workpiece 140 so as to bring a side surface of a blade into line contact with
the workpiece 140, as shown in Fig. 14, thus enabling significant reduction of
the processing time. Here, in a Fresnel lens in which the shape of each lens

25 surface in an emission surface is rotationally symmetric by employing a



10 surface in an em ssion surface is rotationally symretric by enpl oyi ng
the normal line of the incident surface as the rotation axis, in the lens
surface being approxi mated by the side surface of the frustum of cone, an
of f-axis aberration occurs. 15 DI SCLOSURE OF THE | NVENTI ON [ 0015] An obj ect
of the present inventionis to prOV|dq5a Fresnel lens, which is capabl e of
suppressi ng occurrence of an off-axis aberration in a case of utilizing
incident l[ight obliquely incident upon a first surface fromthe outside

wor | d, angh s, 1Ci3RaBF eh&ﬁn61§&¥&s@ﬁa&@§s%0§état1%9 iﬁ@lﬁlls&fdv@é@ﬁgt bgggi of the

present invention conprises a first surface, and a second surface ng the

reverse Slle%ﬁ saPfalAGE a Pgréﬂﬁw&b&% é'é{cfea of‘&‘f#ﬁ‘%u% Bk %1?% ; t%éré’ﬁ I ens

surfaces ere n at ast one of the p ens surfdces
configure p S| rf wher ein
any. nor maiil BePabis SeeuRSBaBY f%%éﬁéf@%%?@@gé O Y

part of EIEI;IE?ESB ﬂ\ﬁ)ﬁgﬁe?ﬁ@ of the elliptical cone ampng nornal i nes of 6

respecti first surface is non-parallel to a central axis of

t he eII| cone gorre ond o.the lens surface ch the any

nor e 1 1 RREaErECFE R e 108 chifrigerie e WhuCmettiened drerusit

suppress occur e of an fo axi s atio se of utilizing

i nci dent ’Fadﬂ’cne;bf"?&ﬂbtl ?uh 1?%%@@@ a‘&‘o reselfl fPP%fd%ﬁP?f%ijcénftil%rﬁktoP{é out si de

worl d, and can reduce the cost. 001u$ In this Fresnel lens, preferably, at
$

| east twanemtioned A3 Patents a1 intomsled Mighicheamy is wdrriegulishtf aadnthase s of

side surfaces of elllptlcal cones haV|ng the different central axes
respect i v@oydocampnth shsileseahad nodyes hylmiesicarsedoing lans mateial.east two of
t he plurallty of lens surfaces is |ocated further outside, an angle forned

by the nd0obd] Ingidentrllst Ho tenthrabnelxlensofn twikichl thetshent efoprch lens

corresponding to the |l ens surface becones larger. [0018] In this Fresnel

| ens 10pr eliefagblip, aa dneissiosusdidgee (o catadtbnatlyasoentedric by employing the
normal line of the incident surface as the rotation axis, in the lens surface

being approximated by the side surface of the frustum of cone, an off-axis

aberration occurs.

15 DISCLOSURE OF THE INVENTION
[0015] An object of the present invention is to provide a Fresnel lens, which
1s capable of suppressing occurrence of an off-axis aberration in a case of
utilizing incident light obliquely incident upon a first surface from the
outside world, and is capable of reducing the cost.

20 [0016] A Fresnel lens of the present invention comprises a first surface, and
a second surface being the reverse side surface of the first surface and having
a plurality of lens surfaces, wherein at least one of the plurality of lens
surfaces is configured from a part of a side surface of an elliptical cone, and
wherein any normal line intersecting with the lens surface configured from

25 the part of the side surface of the elliptical cone among normal lines of



anong the plurality of lens surfaces is configured froma part of an
aspheric 15 surface with continuously changi ng curvature, and wherein any
normal line intersecting with the lens surface that is |ocated on the
center and is configured fromthe part of the aspheric surface among the
normal |ines of the respective points on the first surface is non-parallel
to an axis of symmetry of the aspheric surface corresponding to the |ens
surface |l ocated on the center 20 with which the any normal |ine intersects.

[0019] | neekPbstive g@ﬂﬁ%é oh&ike fildtefaradel % nérhﬁaﬁ&lﬂ)életro' & Cﬁﬁfrfa@%@ﬂé of ¢he
hyper bol oi d. [ 002 In this Fresnel lens, preferably, a lens material is

' S'Wé?éhé'QEPE%C%“B%%%P&M%’%W%E@%ﬁ%”éﬁf‘?ﬁ%‘é‘“@ P B LB B e
gsé\é\: :\Ig Igeog}?t %eﬁ{sef ﬁlq %5@@%%%%:} Lr%%gggglégl tda ; l\é@sﬁe E%}é’%e present
ot ai | ed bt A BT %lgfﬁfbgﬁaatié'lfiﬁﬁataﬁ%?ena ik W‘%@égﬂ}%?é Bt SR,

e pPesdnfEhyaRERole B 4ot T CRpIRare: Ot drdnioT Pac e b |1n8f
path of a |jght beamin the Fresnel |ens according to Enbodinent 1 of the

pr esent iqvent | on; 10Fig. 2 is a plan view of the Fresnel lens according to

Enbodi nent. 1 of the resent. i nvention; s. a spot di agram of
the Fresn8P17kdn félé%%lraﬁirrﬁj legs epxsdenabdneat legpt ttW@ ﬁré@ealumhméﬂf ilons

Fig. 4Ais a schematic cross-sectional view show ng _applications for 15 the
Fresnel |Sé1ﬁ@ca&@é¢ gPhfsvee dEhpoupatistofiside suniacps efeRivtilannpohavimg. 4B is
a schematic bottom plan view of a main section shomnng applications for the
Fresnel [thaslidewmidiengraloestedpenthely afd whergnezentlens surface among

10  the at least two of the plurality of lens surfaces is located further outside, an
angle formed by the normal line and the central axis of the elliptical cone
corresponding to the lens surface becomes larger.

[0018] In this Fresnel lens, preferably, a lens surface located on a center
among the plurality of lens surfaces is configured from a part of an aspheric

15  surface with continuously changing curvature, and wherein any normal line
intersecting with the lens surface that is located on the center and is confi-
gured from the part of the aspheric surface among the normal lines of the
respective points on the first surface is non-parallel to an axis of symmetry of
the aspheric surface corresponding to the lens surface located on the center

20  with which the any normal line intersects.

[0019] In this Fresnel lens, preferably, the aspheric surface is a hyperboloid.
[0020] In this Fresnel lens, preferably, a lens material is polyethylene, and
the first surface is a curved surface that is convex toward a side opposite to
the second surface.

26



invention; Fig. 4Cis an enlarged view of Fig. 4B; 20Fig. 5Ais a
cross-sectional view of a Fresnel |ens according to Enbo- dinent 2 of the
present invention; Fig. 5B is an explanatory diagramof a traveling path of
a light beamin the Fresnel |ens according to Enbodi nent 2 of the present
invention; Fig. 6A is an explanatory d}agran1of a nmet hod of producing the
Fres- 25 neI | ens according to Enbodi nent 2 of the present invention; 8
Fig. 6B is an explanatory diagramof a nethod of producing the Fresnel |ens

aCCOfd'ngBRﬂEEﬂﬁﬂgtﬂﬁPﬁiéb@tﬂiT?ﬂ@Tﬁ%&Wkuﬂye”t'0” Fig. 7 is a spot

di agram of said Fresnel |ens; Fig. 8Ais a cross-sectional view

of a Fr esmgbﬂ P12 eﬂr‘f&? r&hﬂ%iﬁr%rﬁng&{at}gé qﬁ%niﬁor?fwﬂf't oW ?%eafzsdrm/ %biﬁ on,

Fig. 8B is an exp anatory diagramof a travelin eamin

the Fr es%&tﬂe@*n eOr %tﬂg t gd&ﬁ@r‘(j{[ V%n?gl etshgf flgseI%tse \rr]tl s
fety RS de% R 3 of

Fig. 9 is a spot diagramo PeIhEI I aRE s Ot
8 areon LA\ PR AR A L o
5 ption and accompanying drawings where:

Fig. 1A is a cross-sectional view of a Fresnel lens according to Embo-
diment 1 of the present invention;

Fig. 1B 1s an explanatory diagram of a traveling path of a light beam
in the Fresnel lens according to Embodiment 1 of the present invention;

10 Fig. 2 1s a plan view of the Fresnel lens according to Embodiment 1 of
the present invention;

Fig. 3 is a spot diagram of the Fresnel lens according to Embodiment
1 of the present invention;

Fig. 4A is a schematic cross-sectional view showing applications for

15  the Fresnel lens according to Embodiment 1 of the present invention;

Fig. 4B is a schematic bottom plan view of a main section showing
applications for the Fresnel lens according to Embodiment 1 of the present
invention;

Fig. 4C is an enlarged view of Fig. 4B;

20 Fig. 5A is a cross-sectional view of a Fresnel lens according to Embo-
diment 2 of the present invention;

Fig. 5B 1s an explanatory diagram of a traveling path of a light beam
in the Fresnel lens according to Embodiment 2 of the present invention;

Fig. 6Ais an explanatory diagram of a method of producing the Fres-

25  nel lens according to Embodiment 2 of the present invention;



Fig. 11 is a cross-sectional view of a condenser |ens of a conventi onal
exanpl e; Fig. 12Ais a plan view of a Fresnel |ens of another
conventional 15 exanpl e; Fig. 12B is a cross-sectional view of the
Fresnel lens of the another conventional exanple; Fig. 13 is an
expl anatory di agram of a nethod of praogucing the Fresnel |ens of the

anot her conventional exanple; and 20Fig. 14 is an explanatory diagramof a
met hod of producing a Fres- nel lens of yet another conventional exanple;

25hor ol naf tor, AR Banal TR RO T HaTT o F . Liegaat CREEna e Bregr | o

cor

be descr i Rado L FELEr EPERIEALEL AP B AIK AuchARE2) A Fresnel lens 1

according to iment “includes a first surface 10, that is a
pl ane surface, fand-a, second. surface 20,.that,J s the reverse side surface of
the first surf&@%’iﬁs%ﬁaoﬂggnga %r%?ggveg?dﬂgﬁg’surfaces 5 21 (three in an
exanpl e shown in these figures). The.Fregnel, |lens. 1 has a .central .| ens
borthon 1o and & SR A EY SRbiB Skt SomesBRLH TEACLBEOBRYOT b (¢ wo
in an_ex | e sho in these figures) surrounding the central |ens portion
la. TRe %ﬁﬁ%%¢%%WM@Wé”@?%W%H“QP%@ﬁhe-shaped | ens portions Ib is not
particularly limted, and three or nore orbhicul ar, zone-shaped | ens portions
10 may be enpl 8y&dSB Thanmxedaatory diagram oba dxavrdmepathepka lighfhear t he
second surface 20, being the reverse side surface of the first surface 10,
has the phidbalfiregneflepsgscadingéelnpiodipenta plehe pigseacEIVRRLSMSt he central
| ens portion la is a convex surface. In short, the Fresnel lens 1 is a
condenser | ens Féapald @ spbt disgaimef thet Rrasknbbansaaccoodipgriedimbodimenti ckness
of a 15 convex | ens.
3 of the present invention;
10 Fig. 10 is an explanatory diagram for illustrating the principle of a
conventional aberration-free lens;
Fig. 11 1s a cross-sectional view of a condenser lens of a conventional
example;
Fig. 12A is a plan view of a Fresnel lens of another conventional
15 example;
Fig. 12B is a cross-sectional view of the Fresnel lens of the another
conventional example;
Fig. 13 is an explanatory diagram of a method of producing the Fres-
nel lens of the another conventional example; and

20 Fig. 14 is an explanatory diagram of a method of producing a Fres-

nel lens of yet another conventional example;

BEST MODE FOR CARRYING OUT THE INVENTION
[0022] (Embodiment 1)

25 Hereinafter, a Fresnel lens according to the present embodiment will



[ 0024] Each orbicul ar zone-shaped |l ens portion | b has a nountain portion
1 b on the second surface 20 side. Each nountain portion |lb has a rising
surface (non-lens surface) 22 configured froma side surface on the central
| ens portion la, and the lens surface 21 configured froma side surface on
a 20 side opposite to the central |lens, portion |la side. Therefore, the
second surface 20 of the Fresnel lens L has the | ens surfaces 21 of the
respective orbicul ar zone-shaped | ens portions | b. Further, the second

surf ace 2. AlckhedR#f el kARSI TRL2 919 Lol ens surface 21 of the
G

central lens portion en t e first surface 10 is an

| nci dent [662{)}?%9}?%75%]& ﬂfﬂ Sgﬁ?&‘}d sHi a&eefgﬂts éﬁltb%g @%?Eﬁiﬂ s“éfﬁg?l o

travel i ng pa 8am s % epre- X

v en suims 1 R 5 5olehd o ﬁ%e’ﬁf%% 1 g tsur%gfaﬁf(% B it ace
the FresrEreeReta STeRgopl i BEFGHT EHE g GPﬁaaarﬁlﬁ%aquﬁsﬁééﬁ fes
Tens B Gclihfeng: sl PasEb BT ogv'li?ﬁft#@@ﬁ 33?%% Thgabicor! lensi bt f ace. of
an elliptical cone 30, Then, normal line intersecti n% with each | ens

surface ZENBGHAGRFPHIRY banadl%@pﬂu%ﬁhta of pleica i some - Brargd lens pprtiens cone

30, annn%_ngrnal | i nes of respective points on
two in an example shown in these figures) surrounding the central lens

portion la. The number of the orbicular zone-shaped lens portions 1b is not
particularly limited, and three or more orbicular zone-shaped lens portions
10 may be employed. The Fresnel lens 1 is a condenser lens in which the
second surface 20, being the reverse side surface of the first surface 10, has
the plurality of lens surfaces 21, and a lens surface 21 of the central lens
portion la is a convex surface. In short, the Fresnel lens 1 is a condenser
lens capable of reducing a thickness as compared with a thickness of a
15  convex lens.
[0024] Each orbicular zone-shaped lens portion 1b has a mountain portion
11b on the second surface 20 side. Each mountain portion 11b has a rising
surface (non-lens surface) 22 configured from a side surface on the central
lens portion la, and the lens surface 21 configured from a side surface on a
20 side opposite to the central lens portion la side. Theréfore, the second
surface 20 of the Fresnel lens 1 has the lens surfaces 21 of the respective
orbicular zone-shaped lens portions 1b. Further, the second surface 20 of
the Fresnel lens 1 also has the lens surface 21 of the central lens portion 1a.
In Fig. 2B, when the first surface 10 is an incident surface and the second

25  surface 20 is an emission surface, a traveling path of a light beam is repre-



10 the first surface 10, is non-parallel (that is, inclined) to a central
axis of the elliptical cone 30 corresponding to the I ens surface 21 with
which the any nornmal line intersects. Here, each elliptical cone 30 has an
apex P located on the second surface 20 side and a bottom surface (not
shown) | ocated on the first surface lg side. In the Fresnel lens 1 of the
present enbodi nent, the 15 first surf 2e 10 is the pl ane surface, and hence
the central axes of the ellip- tical cones 30 are oblique to the normal
lines of Lhe actiikesdnl M Rl b bkt S EACatnel Tl Gagetifher e
such a direc?qgﬁpas fo %onnect eac po%ht dnzﬁaeﬂgirstngu?%ace 10 and an
I nt ersect | N e.nar | t i Iyt 1. e lens
8RB IR Rer R Rl B o 5 i fhliehEr, o

surface I'S specl as a lTens
f 10 is..t he pl f di ti.on al th rmal. line of each
poi nt _on i e Sl Pl o 8% e ERLORR LR BRPIRETN thadRaf ST
' h of Figs,. 1 1B, ti ' ti is th t hi ck
i ot T on R Hur e resaeh Pkl i fiflested 55 he Toded perSichan themecant s
confi g- ure? froma p r% gj a side surface of an elliptical cone 30 that
deaf ghe Sirerned 1

has af apa%iasexd $i ¢8¢dnd surface 20 side, a bottom surface
| ocat ed %n the first 11 . i
0025] Incidentally, in the Fresnel lens 1, each lens surface 21 is configured

from a part of a side surface of an elliptical cone 30. Then, any normal line
intersecting with each lens surface 21 configured from a part of a side
surface of an elliptical cone 30, among normal lines of respective points on
10  the first surface 10, is non-parallel (that is, inclined) to a central axis of the
elliptical cone 30 corresponding to the lens surface 21 with which the any
normal line intersects. Here, each elliptical cone 30 has an apex P located
on the second surface 20 side and a bottom surface (not shown) located on the
first surface 10 side. In the Fresnel lens 1 of the present embodiment, the
15  first surface 10 is the plane surface, and hence the central axes of the ellip-
tical cones 30 are oblique to the normal lines of the respective points on the
first surface 10. In a case where such a direction as to connect each point on
the first surface 10 and an intersection at which the normal line of the point
interests with the lens surface 21 1s specified as a lens thickness direction,
20  when the first surface 10 is the plane surface, a direction along the normal
line of each point on the first surface 10 is the lens thickness direction. As a
result, in each of Figs. 1A and 1B, a vertical direction is the lens thickness
direction. Accordingly, each lens surface 21 of the Fresnel lens 1 is config-
ured from a part of a side surface of an elliptical cone 30 that has an apex P

25  located on the second surface 20 side, a bottom surface located on the first



surface 10 side, and a central axis oblique to the | ens thickness
direction. In a cross-sectional shape including one virtual straight line
along the lens thickness direction (in this case, a cross-sectional shape
including the normal lines of the first surface 10), an angle forned by a
surface parallel to the first 5 surfa E 10 and each lens surface 21 is an
obtuse angle, and an angle formed by the surface parallel to the first
surface 10 and each rising surface 22 is a substantially right angle.

[0026] | m@ffRrid QdsCANE alcbBtN %%s%‘[}h&d‘taﬁo 2 1ch® tRIcRULSCdRefiGS NI, | €ns
whi ch can suppress occurrence of off-axis aberration in a case of utilizing

I nci dent m%?f(%fsangtlgﬁél %HS#% 1h9ﬁi<ﬂﬁ§t%ﬁb°%rt&§? sHarl ht ?H{ef Q%%\g-'elﬁlé 93 t he

out si de educe e cost resent en ors concei ved as

fol | ows: ?&éw}ﬁ dﬂ%%’hﬁ)ﬁ (th a’ﬁ@%{@é da &l Fé"%&(’fﬂ&dl \Q{gfaq{lcltula?nf ﬁ}‘feoﬁgrrﬁg face 20

IS conflgu e respectiveé par yperbol oi ds
hegt of et h I I
o the ﬁﬁlrnﬁ%lof%ﬁiwsﬁ?uvﬁgeﬁ. rsatna%glsﬂrasi b35Y Eahp BEURT o REERRSY s Rave
d t h | ud ht
SR o B i At
t f I lit | 0i ds, 25 t ed t

i nes. | %pﬁrf%%e'cn%m%éw%aﬁs. ﬁrs%‘gu?@am@cw RRGH ik e L Bshect  ve
poi nt's on ectl n orthogonal to the rotation axis of the

hyperbol@i S?B“Hﬂ oﬁ@ tang{4-cul ar cone. Therefore, in a Fresnel |ens
confi gur ch that each | ens surface of the em ssion surface is

rotationip@%Gs yesdes b wrpe 6he pgoklea, ibakds. tpipievide & Reesned lenswhidh f ace as

a rotation axis, each |lens surface can be approxi mated by the part of the
si de sur fcaéémr@ﬂ*ﬁeO@WM@rOchfﬁ@XEQBb?IO‘@IZJ@}l inna gageof ahidying invdent nat e
system in which a center of any plane 12 surface is enployed as an

ori gilf, dxght-ohkiqguehnihcadgntaxpen the fivgosatfato 1@ dudm dhhentsidetwerldrmndol ane
surface are specified, and a z-axis orthogonal to the any plane surface is
speci f i ededasstim cugt.t thet prexentyinventdenivd v coredicdadefllofvsanhadiistss of t he
circular cone, and b and c¢ denote coefficients, the equation 5 of the

ci rcul ar teangandardepirasanidd whichhhef @cbodisugfasé @0dakonfignurad fsber €hd he
coefficient ¢ is a constant irrelevant to z. [0029] [Math. 31

[ 0030] | RegpdictivetpartOdf £ pheradapidf gbe dgpbibotsiidsi(tge thé& diHypekBslotdae by two
10 surfaces parallel to an xy plane surface, the aforenentioned parts of
t he two sheets) 25 having principal axes oblique to the normal lines of the first
15 surface 10, the present inventors have conceived that, in a cross-sectional
shape including one virtual straight line along the lens thickness direction,
the aforementioned respective parts of the plurality of hyperboloids 25 are
approximated by straight lines.
[0027] In each hyperboloid 25, collection of tangents of respective points on
20  a cross-section orthogonal to the rotation axis of the hyperboloid 25 becomes
a circular cone. Therefore, in a Fresnel lens configured such that each lens
surface of the emission surface is rotationally symmetric employing the
normal line of the incident surface as a rotation axis, each lens surface can

be approximated by the part of the side surface of the circular cone.

25 [0028] In a rectangular coordinate system, in which a center of any plane



respective hyperboloids 25 in the above-nenti oned standard structure cannot
be approxi mated. [0031] On the other hand, in each hyperbol oid 25,
col l ection of tangents 40 of respective points on a cross-section not
perpendi cular to the rotation axis 15 of the hyperbol oid 25 becones an

el liptical cone. Here, the present inygntors have focused on the fact that
in the hyperbol oi ds 25 having the above-nentioned structure can be
approximated by the elliptical cones 30 comng in contact with the

hyper bol %h@'ﬁac@ﬁs%nﬁl%?ea eSPLE ok MEn PRANE-8xRMi e §-b§?§oﬁho%¢5‘ﬁﬁr &eehdipn of
the plane surfaces oblique to the principal axes of the 20 hyperbol oi ds 25
and the |, i tors: Y t hat

t he IensQ§§§§ggégb%%néﬁguggﬁgvgé$ggp%ﬁﬁﬁg%%bg%ggkgang?ﬁgogl %Pghr aces of
the elliptjc 0 0: that .have - at e e s face 20
si de, bo%ttng nﬁféf‘él%f %@Sefas‘%( o gh%m)aﬁ%ﬁglgﬁgﬁgkqﬁhg %i ‘?%%&tg u"r"?g@glg?%ss gt de, and
central axes (.not own) oblique to,the Lens thickness direction.. 13
100321 1 A FretiBfoh R Phn0R GHE R e E ok R R BNy Ton ¢ he
| ens surf s 21 confiqured fromt r of. the res tive elliptical
cones 5300t dhneacfa GariiipereiSpibly BB ru it BeRE St duBets Bk cri bed
inthe elliptical cones 30, and inclinations of both of the tangents of the
respect i FRCHICHAINA 1S Berndhant ixelevantttiter section of the el liptical cones 30
and the er.bol oi ds_25 coincide with each other, |ight beans passing

t hr ough Eﬁ@?QE:%%%hi%% points on the lines of intersection of the
elliptical cones 30 and the hyperbol oids 25 are collected on a single point
on the rotation?axjs gf the hypergoloids 25. In the Fresnel lens 1 of the
present enbodinegtf—at31%ﬁst@ﬂhéo f 10 the pl pamylayShf | ens surfaces 21 is
configured so as’to h&ve a shape in which a part of the elliptical cone 30
is cut off so as to include the line of intersection of the elliptical cone
30 and t h@O3pén bofrustii5f ¢oner emfidwerddycapdablietit Cumbaessiangydoaur rence
of off-axis aberrations in a case of utilizing incident |ight obliquely

i nci dent suplbned parfllekto sur kacelahe fudacd, hheoafosenbentoned pands IE theduci ng
the cost. Here, in the Fresnel lens 1, the I ower a height of the nountain
portion kédpdcsivet heportbddodasioby ihi g deseempasished stwnelaghd shiveturunt ai n
portion lib are collected on a single point, and hence the |line of

i nt er secthBRotohe hppradilaptdcal cone 30 and the hyperbol oid 25 inscribed in
the elliptical cone 30 is preferably intersect with the nountain portion

11b. 20 [G983] Ohhthsitahthaid aacéhORRE&bB1RAdT, @pllddib bl tan Sargetgoet ween

t he apexes of the adjacent nmountain portions 11b need to be set at a val ue

whi ch i spE bl pRin@Iah hfs@s¥ays] 8BOhBrRnBAIG) 86 4he TBENSSA Gxave that
is an object 'to be collected in the Fresnel lens 1. For exanple, in a case

wher gs i npf @l{iéﬁgyg% loi‘@h% b%c%%ﬁ'aﬁi‘gfﬂbtﬁfal 1Bnpm iﬁf&“t}%bg%éte& InPEn-

col | ect ed, el ght of each nountain portion [1b and the space between

the_apex i afoddould 86 AR TRUDGATNC ARLELANSIY B RaSthd onbapL0om of

nor e. he ot her Fresne I'S concei vabl 0 cause
apace bl aE s BBl tinhe TS B AP RERE! PR T
be. vi sualll §oFEEbaHT: e rRaiRET: 23ion BRY afueb Ve i BR PR O 2 cace
exanpl o I EESSPREn oby g B o RS, BPHANHHCORAF sb B RERE) ZEXBY L NS n rar ed
DEo G e S h ol e R ¥ T 268 s AR P eon
conceived that the lens surfaces 21 are configured from the parts of the side
surfaces of the elliptical cones 30 that have apexes P located on the second

surface 20 side, bottom surfaces (not shown) located on the first surface 10

side, and central axes (not shown) oblique to the lens thickness direction.



10 that a maxi num hei ght of the nmountain portion lib is 150 pmor less. In
addition, in a case where it is required that the |lens patterns on the
second surface 20 side is unable to be visually recogni zed when
unintentionally viewed froma place separated fromthe first surface 10 by
30 cm the Fresnel lens 1 is preferably configured such that the space

bet ween the adjacent 15 nountain portions libis 0.3 mmor less. On the

ot her hand, the smaller the space between the adjacent nmountain portions

libis, t[b@ab]arlﬁecketﬂ‘&%sfdié‘l”f%ﬁé 10§h&mim%g.qwamr1lﬂ Hferd fotau%ﬁrg apghdence

t he space between the adjacent nountain portions lib is preferably set in a

range of ’le{mg %PE%:%%%’ ggécr??ﬂiéﬁ%gg GG Re }ﬁegrtF QP3Ak ﬂfeQPé&?\feFéﬁﬁﬂﬁJal lc?ﬁg%é

accordi ng iment, t ines o ntersection o

el lipti Caf)lO & xtlnc%s tﬁg eglrlnétri] arlecoh Beé(? %@%dt%ezﬁy]i%enr%ﬁé{ﬁgg %Bi ?nStCPi%e lil i %é cal

cones 30 eXi'st on a € surtace which ogonal "t'o the'lens

t hi ckness direction (Jhat is,.parallel..to t first surface 10 caonfigured

fr om t e CHIRETL RS Bnd RicHRALRNAGL Hathaof dht et Y aREa BT “moun-
25 tamn portion lib of each orbicul ar, zone-shaped | ens portion Ib that is
2 halh oS GhehdBeprah iR aH T of the SIGHEAT Bt 20 SHUIhS IMAEDET or e, 11
the Fresnel |l ens 1 according to the present enbodi nent, |ight beans passing
on the i NPEEECEIIBHACGTIth faCh GRbeT Jiths DEa MBI AT opiehridiesiespasteve s are
collected on the focal pqint F, as shown in Fig. 1B. 5 [Q035]. In a

r ect angulPRinEoBY s bines of sntexpeqtipnapl e %111@&%3?0%8 ahyngl theehwnarbace i s
enpl oyed as an origin, an x-axis and a y-axis orthogonal to each other on
the any pridre2sard gedecied apadingledpoinh@nathe wotipsionr axiegdrile hxparke  any

pl ane surface is specified, assumng that (x, y, z) denote coordinates of
any poi ntleidsf2%. hdnethd freewl lenad, ohthe aredenareankodermte at deddti @ienfs, the
10 general equation of the elliptical cone is represented by the standard

f or miof fthe pbuwtadgy leddend suifsies hsreenfigareded his to bave a shapa inonstchrat
irrelevant to z. [0036] [Math. 4] x2 y2 z2 a2 +b2 =0 (a * b and a,b,c > 0)
2c 2 Foartubiitiébelliptical cone 30 is cut off so as to include the line of intersection

of the elliptical cone 30 and the hyperboloid 25, thereby being capable of
suppressing occurrence of off-axis aberrations in a case of utilizing incident
light obliquely incident upon the first surface 10 from the outside world and

15  reducing the cost. Here, in the Fresnel lens 1, the lower a height of the
mountain portion 11b is, the more easily light beams passing through this
mountain portion 11b are collected on a single point, and hence the line of
intersection of the elliptical cone 30 and the hyperboloid 25 inscribed in the
elliptical cone 30 is preferably intersect with the mountain portion 11b.

20 [0033] The height of each mountain portion 11b and a space between the
apexes of the adjacent mountain portions 11b ﬁeed to be set at a value which
is more than or equal to a wavelength of an electromagnetic wave that is an
object to be collected in the Fresnel lens 1. For example, in a case where

infrared light with a wavelength of 10 pm is an object to be collected, the

25  height of each mountain portion 11b and the space between the apexes of the



[ 0037] Hereinafter, for conveni ence of description, the Fresnel lens 1 in
Figs. 15 1A and 1B will be described by denoting the three elliptical cones
30 with different reference nunerals respectively. The elliptical cone
corresponding to the central lens surface 21 is represented as an
elliptical cone 300, the elliptical g e corresponding to the | ens surface
21 that is a first orbicular zone clo st to the central lens surface 21 is
represented as an elliptical cone 20 301, and the elliptical cone

cor 1 e5Pongigh i mblIRedieBod e, FholiNBihd Joaudesonshir Dkt fRae. second

closest to'the central lens surface 21 is repres- ented as an elliptical

cone 302.1, ),y gggfnﬁde p@g@{@tlhns £libii8tdfiabis880R, 30ugXaophoil Aldd pid o2

cone 30 corré e céntral 'I'ens sur I cal cone
correspo Ie S..S rface 21 n.nth (n >= rblcular
zone cou2 ronl to e %o Fg é%%%h?ygl éﬂ%f %ﬁéiwgfn
represented as eII tical co e. 30n. e regspectiv pexes . P of the
el i pti capeé%é)in% B Ot Y5 A HERr cHbn e 8 Tt dhBoT Bt P2
and the r ectlve central axes of t e el liptical cones 0 301 .and 302

are denotBBTEIRASCOR. Sas 8 P Beagha|ng Rk Ing fgn SESeA LY ecoamif i cal
cone 30 corresp ndlng to t he en surface 21 that _is the ﬂwﬁﬂﬂorb cul ar

zone is dEHBLBA Byt parfags 40 s qrgforgyinsa gasq whees pn sy e¥ARIBON s
denot ed ?é1CAN As to t he elllptlcal cones 300, 301 and 302, rectangul ar
coor di nattergpkvake) of pumfferis phewssioasispior example, pessahancpppayabias

origins, the central axes CAo, CAi, 10 and CA2 are enployed as_z-axes,

x- axes atleb’dhe simiehickl istle migeoef theiinfrare @ pbptaededticaonypraen etement
cross-section perpendicular to the z-axis, and y-axes are specified al ong
m nor axiagraigesoen tsfocat poia T, tee Fragren lens For prdferadfly sanfigufed such
elliptical cones 300, 301 and 302 can be represented by the above-nenti oned
Formuba ¢bat 'armeairhumehe'mthdfet&leanoudtaiatImri;ipm &b 1150 lpen ,orilasd5 T gs. 1A
and 1B, the hyperboloids 25 inscribed in the elliptical cones 300, 301 and
302 are mndditesgnined chye mhpee holoraydbdl tRE1tlenkn2 G ttéespac the eksond 0038]

As an exanple of the Fresnel lens 1, a lens including six |lens surfaces 21

each contuglace R0 cadv as pardbleftoabs ivieuAUr fraegmiteiviadd plihtalticiens, 30 is
exenplified. In this Fresnel lens 1, anong the six elliptical cones 30, the
viewed from a place separated from the first surface 10 by 30 cm, the Fresnel
lens 1 is preferably configured such that the space between the adjacent
15 mountain portions 11b is 0.3 mm or less. On the other hand, the smaller
the space between the adjacent mountain portions 11b is, the larger the
number of the mountain portions 11b is, and hence the space between the
adjacent mountain portions 11b is preferably set in a range of, for example,
0.1 to 0.3 mm.
20 [0034] In the Fresnel lens 1 according to the present embodiment, the lines
of intersection of the elliptical cones 30 and the hyperboloids 25 inscribed in
the elliptical cones 30 exist on a plane surface 15 which is orthogonal to the
lens thickness direction (that is, parallel to the first surface 10 configured

from the plane surface), and which has a height from a valley of the moun-

25  tain portion 11b of each orbicular zone-shaped lens portion 1b that is a half of



20 elliptical cone corresponding to the central lens surface 21 is
represented as an elliptical cone 300, and the elliptical cones
corresponding to the lens surfaces 21 that are a first orbicular zone to a
fifth orbicular zone are represented as elliptical cones 301 to 305,
respectively. In the Fresnel lens 1 oﬁ this exanple, in a case where a

thi ckness t of a base portion configu gd 25 froma portion other than each
nountain portion 11b is 0.5 mm a height 17 (lens step) At of the nountain

20 st P R RSB AR DI
e 01 g3 GIMOIER A LSS RLEH AL HALEAL SESIY) EYETe 2,
coet ! £t SRk B IR0 B R b LR PPt 1, o

precondi t1on n an i sur
|lens 1.to the first surface 10 is 5.5 mm and

surface f the.Fresnel
|'i ght beiﬁﬁq?%%ﬂﬁ%%&ﬁeﬁsQH“Y%é? édtHBngl e of 45 degrees are coll ected on
t he focal l.nt. F. 10[ 003 Tahl e 1] Lens Surface Coefficient a
oot 1 b, AN nat o BRI ORI SYSERhe Ta00TGE s 9 ARV IR | pti cal
Cone 304 19,29 13.83 .. . :
surface is employed as an origin, an x-axis and a y-axis orthogonal to each
other on the any plane surface are specified, and a z-axis orthogonal to the
any plane surface is specified, assuming that (x, y, z) denote coordinates of
any points of the elliptical cone, and a, b and ¢ denote coefficients, the
10  general equation of the elliptical cone is represented by the standard form of
following Formula (6), where the coefficient c is a constant irrelevant to z.

[0036] [Math. 4]

2 2 2

P A (a =banda,b,c >0) Formula (6)

a* b* ¢*

[0087] Hereinafter, for convenience of description, the Fresnel lens 1 in Figs.
15 1A and 1B will be described by denoting the three elliptical cones 30 with
different reference numerals respectively. The elliptical cone corresponding
to the central lens surface 21 is represented as an elliptical cone 300, the
elliptical cone corresponding to the lens surface 21 that is a first orbicular
zone closest to the central lens surface 21 is represented as an elliptical cone
20 301, and the elliptical cone corresponding to the lens surface 21 that is a
second orbicular zone second closest to the central lens surface 21 is repres-
ented as an elliptical cone 302. In short, among the elliptical cones 30
except the elliptical cone 30 corresponding to the central lens surface 21, the

elliptical cone corresponding to the lens surface 21 that is an n-th (n >= 1)



1.72 Elliptical Cone 302 12.67 9.24 1.73 Elliptical Cone 303 10.11 7.49
1.74 Elliptical Cone 304 8.66 6.50 1.75 Elliptical Cone 305 7.68 5.85 1.76

16

orbicular zone counting from a side closer to the central lens surface 21 is

represented as an elliptical cone 30,. Here, the respective apexes P of the

elliptical cones 309, 301 and 302 are represented as apexes Po, P1 and P2, and

the respective central axes of the elliptical cones 300, 301 and 302 are denoted

5 by CAo, CAj, and CAs. In short, the apex of the elliptical cone 30, corresp-

onding to the lens surface 21 that is the n-th orbicular zone is denoted by P,

and the central axis of the elliptical cone 30, 1s denoted by CA,. As to the

elliptical cones 300, 301 and 302, rectangular coordinate systems, in which

the apexes Py, P1 and P2 are employed as origins, the central axes CAo, CA1,

10 and CAz are employed as z-axes, x-axes are specified along major axis

directions of ellipses in cross-section perpendicular to the z-axis, and y-axes

are specified along minor axis directions, are defined. Then, a Formula of

each of the elliptical cones 300, 301 and 302 can be represented by the above-

mentioned Formula (6) in each rectangular coordinate system. Further, in

15  Figs. 1A and 1B, the hyperboloids 25 inscribed in the elliptical cones 300, 30:
and 302 are represented by hyperboloid 25¢, 251 and 252, respectively.

[0038] As an example of the Fresnel lens 1, a lens including six lens surfaces

21 each configured from a part of a side surface of an elliptical cone 30 is

exemplified. In this Fresnel lens 1, among the six elliptical cones 30, the

20  elliptical cone corresponding to the central lens surface 21 is represented as

an elliptical cone 30y, and the elliptical cones corresponding to the lens

surfaces 21 that are a first orbicular zone to a fifth orbicular zone are

represented as elliptical cones 30; to 305, respectively. In the Fresnel lens 1

of this example, in a case where a thickness t of a base portion configured

25  from a portion other than each mountain portion 11b is 0.5 mm, a height



[ 0040] The central axes of the |lens surfaces 21 of the second surface 20
with which the normal lines intersect are inclined with respect to the
normal |ines of the respective points on the first surface 10. Hereinafter,
for conveni ence 15 of description, in the Fresnel lens 1 in Figs. |A and
1B, the intersections of the respectiYg normal |ines of points A, A2, B,
B2, d and C2 on the first surface 10 and the second surface 20 are
referred to as All, A22, Bll, B22, Cl1 and C22, and the respective nornal

}l?i‘%\ﬁ ’?heﬁl%lpxggﬂngﬁ)rtgn ﬂ'i)?%rpg é%[i'nﬁ N8sddiNtpla RIAT ﬁ&ﬁltjigzar e

i ne of tﬂﬁlQRE
referred(toshs QJ -B11, 2-B22, Cl-Cl1 and C2-C22.

Here, 00. ; . [ L - d
hor a2z i A ereh iRl An oL e sRAIEE 10, FREC 1L 10D AR Az eiafine P o
CAO of the.elliptical c 3 1.d le f d.b h of th
norrmal | P PR R GRRE0r ol BTG Be A By nEh R X P,
which is the. first bi cul I t tp the t I f 21,
bnd the: cotiami b datt ban Aeterf BPF Rt SRota woihe MowsaRbled ey

le f db h . th [ i Cl-C C2-C22 int i
ki hefihgrfﬁ‘ﬁ%V%ﬁﬁ%&gg%w%%r@%érégézéfalnal é‘l@b?% aie 8o digReL] osest
to the central lens surface 21, and the central axis CAi of ghe 10
el i pti camdegmermyondrion that § digtangeiipgn ppatmege geraced pagatabiether ned by

the normal line intersecting with the Iens surface 21 which is the third
or bi cul adirsbrariagad® pethelrespel dens 1aazthsr firsfeswiipegpd Pdgl b egre. 308l 04
denotes an angle forned by the nornmal line intersecting with the | ens

surface JEhitheams snaidentt supnhnerdsing wnale 2646, degides hee cellestall caaxtle CA4 of
the elliptical 15 cone 304, and 05 denotes an angle fornmed by the norna
line intdocdeoimgFwi th the | ens surface 21, which is the fourth orbicul ar
zone, and the central axis CAS5 of the elliptical cone 305, values of 00 to
05 ane stovsoli fTakie Mol | owi ng Table 2. [0041] [Table 2] Co 0.15 01

Lens Surface Coefficient a | Coefficient b | Coefficient c
Elliptical Cone 309 46.28 32.81 1.71
Elliptical Cone 30: 19.29 13.83 1.72
Elliptical Cone 302 12.67 9.24 1.73
Elliptical Cone 303 10.11 7.49 1.74
Elliptical Cone 304 8.66 6.50 1.75
Elliptical Cone 305 7.68 5.85 1.76

[0040] The central axes of the lens surfaces 21 of the second surface 20 with
which the normal lines intersect are inclined with respect to the normal lines
of the respective points on the first surface 10. Hereinafter, for convenience
15 of description, in the Fresnel lens 1 in Figs. 1A and 1B, the intersections of
the respective normal lines of points Al, A2, B1, B2, C1 and C2 on the first
surface 10 and the second surface 20 are referred to as A1l, A22, B11, B22,
C11 and C22, and the respective normal line of the points A1, A2, B1, B2, C1

and C2 on the first surface 10 are referred to as A1-All, A2-A22 B1-B11,



0.84 02 1.89 03 2.89 04 3.84 05 4.75 19 [0042] It is understood from Tabl e

2 that in the Fresnel lens 1, the angle, which is fornmed by a normal I|ine
of each point on the first surface 10 and a central axis of a |ens surface
21 of the second surface 20 with which the normal line intersects, becones

| arger as a orbicul ar zone-shaped Ieni 5 portion Ib is located further
outside. [0043] Fig. 3 shows a spot d'ggran1on the focal point F of this
Fresnel lens 1. Fig. 3 shows a spot diagramin the range of 2*2 nm

enpl oyi nggs i of @]Iablﬁoal ch-@522 H%Eée,eéo- démﬁf§iaﬁeaﬂ’éleafo{"ﬂ%ﬁ!b Q%h ppoul d be

| ess than or edqual to the size of t phot oel'ectric” conversion el ement
0% 50 ) SPIECAAONE e A% BB B ey
present TR und o PO RRRCBLER) sBIMRR TR T, Bt
cross- Sece}r{g g%(l)rnslgg%%f (iea?c(ill ggltﬂg r}orxlr%arl]cﬁnrgasl B1-B11 and B2-B22 intersecting
5  with the lens surface 21 which is the first orbicular zone closest to the central
lens surface 21, and the central axis CA; of the elliptical cone 301, and 02
denotes an angle formed by each of the normal lines C1-C11 and C2-C22
intersecting with the lens surface 21 which is the second orbicular zone
second closest to the central lens surface 21, and the central axis CAgz of the
10 elliptical cone 302. Similarly, assuming that 63 denotes an angle formed by
the normal line intersecting with the lens surface 21 which is the third
orbicular zone, and the central axis CAs of the elliptical cone 303, 64 denotes
an angle formed by the normal line intersecting with the lens surface 21
which is the fourth orbicular zone, and the central axis CA4 of the elliptical
15 cone 304, and 05 denotes an angle formed by the normal line intersecting
with the lens surface 21, which is the fourth orbicular zone, and the central
axis CAs of the elliptical cone 3035, values of 0o to 05 are shown in the
following Table 2.

[0041] [Table 2]

6o 0.15°
01 0.84°
02 1.89°
03 2.89°
04 3.84°
05 4.75°

20



lines of the first surface 10), the respective |lens surfaces 21 are
straight lines, 15 and hence it is possible to formthe |ens surfaces 21 or
curved surfaces accor- ding to the lens surfaces 21 by cutting while a
cutting tool 130 is inclined with respect to a workpi ece 140 (base materi al
for formng directly the Fresnel |ens %, or base material for formng a
nmetal nold) so as to bring a side surfAce of a blade into line contact with
t he wor kpi ece 140, as shown in 20 Fig. 14. Therefore, in the Fresnel lens 1

accordi nqohf 18 iPLaaRRlosaAth IRt e the ﬁ@gﬁaeﬂen'seﬂstlgeogﬁ%ﬂehe et al

nmold for the Fresn 'ens 1 1s produce processing tinme roduci ng

t he wor kR’lIﬁl%ﬁ 1%#@1;}1@ (}_tb%%/ %g%ﬁ%g?ié{[eooql CFaJcﬁopoqiﬁP OB%}{eﬁI?fr'h%gsq?rlfe%c%eld Gia terial

of the Fresnel Cted as ‘soneone . according to

wavel engt hs, of |i.ght. beans aor. 25 j.he.like. For ex I the | en terial
Ty bo. SefBERLGR dhebiany e 1 of s Sargil sSREIE St R wERRME ot ' fhe
| ike), glass, ,sj.lico ,W%e#rraﬁi um or 1t he |ike asbso one thinks fit.

Furt her, T3MAXdRPI B CTRER t RREOMRFeIHGENSS ft TPHHIAb e ShaPaf L t he
infrared mavelenglg regign, the | ens material should be selected from

pol yePhyRoxEondibisdecnted dupther ot8fet he 1 ke. Wien the 5 wavel engths of

| i ght beeirrs%ﬁre.vw thin the visible-light wavel ength éegi on, the lens

materi al QBRI dined sveeasnot dingrany g the f%m?mgﬁa@ thig Kresrellppel. The
material of the metal nold is not particularly limted, and phosphor bronze

or the |illig. Zahowe acppt dyasrant v theearieeo! Afanm peptpsgdhe|foe pink f or ned

using the netal nold, the injection nolding nmethod, the conpression 10
mol ding Hbahoentr. { [helsikcoimiocbbspapiloydd befless Geanpt equli0ABy sies
expl ai ned above, in the Fresnel lens 1 according to the present

of the photoelectric conversion element arranged so as to correspond to the

10  focal point F of the Fresnel lens 1 (here, 0.6%0.6 mm or less).

[0044] In the Fresnel lens 1 according to the present embodiment, in the
cross-sectional shape including one virtual straight line along the lens
thickness direction (in this case, a cross-sectional shape including the normal
lines of the first surface 10), the respective lens surfaces 21 are straight lines,

15 and hence it is possible to form the lens surfaces 21 or curved surfaces accor-
ding to the lens surfaces 21 by cutting while a cutting tool 130 is inclined
with respect to a workpiece 140 (base material for forming directly the
Fresnel lens 1, or base material for forming a metal mold) so as to bring a
side surface of a blade into line contact with the workpiece 140, as shown in

20 Fig. 14. Therefore, in the Fresnel lens 1 according to the present embodi-
ment, when the Fresnel lens 1 or the metal mold for the Fresnel lens 1 is
produced, the processing time for producing the workpiece 140 by the cutting
tool 130 can be reduced. The lens material of the Fresnel lens 1 may be

selected as someone thinks fit, according to wavelengths of light beams or

25  the like. For example, the lens material may be selected from plastic (e.g.,



enbodi nent, the first surface 10 is a plane surface, and the second surface
20 has the plurality of Iens surfaces 21, and then each lens surface 21 is
configured froma part of a side surface of an elliptical cone 30, which
has an 15 apex P |l ocated on the second surface 20 side, a bottom surface

| ocated on the first surface 10 side gnd a central axis oblique to the |ens
t hi ckness direction. Here, in the FreShel lens 1 according to the present
enbodi ment, any normal |line intersecting with each | ens surface 21

conf i gur e SAM DAL LIRT 1S IRpBUNIACEIAL Acoh! LolbERhuf REika™ng

normal |i'nes of respective points on ace
non- par al ] e 0 |, axl S.,0f e ellinpt] fng to
t he Iensz%hf?%%%ﬂéﬁﬁak%%tWh?%%ﬂyﬁé&%ﬁ§gﬁ%$%hh%%%ﬁgggﬁﬁgggggﬁég8ﬁﬁgg¥ t he
Fresnel liens 1 accor,ding to the . present enbodi ne an suppress,occurrence
of “of £ - aX e b8t So1URe e B dv Brap Tl 2T sig as i GRSl v
i nci dent ,upon th irst surface 10.fromthe outside rld a 25 reduce the
cost - 1'n Wharlered, frain palibbhgiaeo pilion: emmanyuak of ShS s aBBET T o <21
configured froma part of a side surface of ap.elliptical cone 30, and
t her egy Cvatethe| O gkt howas esrﬁpm%e% EBeCUPHURTE VBT He BRI Ta8I0Py at | ons
in a case_of utilizing incident |jght obliquelﬁ%inqident upon the first
surface theflepmmatersilt shaddvie pelesird froaucsrylie regiss glasy, gosdie Ake.
applications for the above-nentioned Fresnel lens 1, for exanple, a sensor
devi ce i Shshovaterial midghe watalumadddssmt partichlarlyehinatedeand @hogppackage 4
is mounted on a circuit board 8 configured froma printed-wiring board.
Thi s pachagezeior thebké cgabednbylosed, okeshapde. sWeamisthaF edsowé derbol iomed
cylindrical cap 6 connected to the stem5, and a |ight beamtrans-
formed using the metal mold, the injection molding method, the compression
10  molding method, or the like may be employed, for example.
[0045] As explained above, in the Fresnel lens 1 according to the present
embodiment, the first surface 10 is a plane surface, and the second surface
20 has the plurality of lens surfaces 21, and then each lens surface 21 is
configured from a part of a side surface of an elliptical cone 30, which has an
15 apex P located on the second surface 20 side, a bottom surface located on the
first surface 10 side and a central axis oblique to the lens thickness direction.
Here, in the Fresnel lens 1 according to the present embodiment, any normal
line intersecting with each lens surface 21 configured from a part of a side
surface of an elliptical cone 30, among normal lines of respective points on
20  the first surface 10, is non-parallel to a central axis of the elliptical cone 30
corresponding to the lens surface 21 with which the any normal line
intersects. Thus, the Fresnel lens 1 according to the present embodiment
can suppress occurrence of off-axis aberrations in a case of utilizing incident

light obliquely incident upon the first surface 10 from the outside world and

25  reduce the cost. In addition, at least one of a plurality of lens surfaces 21 is



10 mtting nenber 7 arranged so as to close an opening 6a fornmed on a
bottom of this cap 6 and having a function of transmtting desired |ight
beam Here, the package 4 houses an el enent hol di ng nenber (e.g., M D board
or the like) 3 that holds a photoelectric conversion elenent 2. Then, in

t he sensor device, a cover nenber 2 provided with a nulti-segnent |ens,
which is 15 configured by three Fresn F | enses 1, 1A and 1, and is | ocated
on one surface side of the circuit board 8 so as to cover the package 4. In

thi s casGonflhubal F356G, SRR SETEAI UGN A RMIAEhE Sl baadhepBR . o

light receiving el ement” such as a photodi ode can be adoptéd as t

phot oel eGh 1160 Vl%{lgllo&nz%lﬁ{g‘?ags gccu\ﬁ']&ﬁ’ce Nt ?&fs%tfé%&ﬁ@ﬁgio S'CEE'EBIF s

adopt ed as the rirc conversion'e

bstrat t t.he |1k th
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th t f. th h | f 21A d
s St I 1 L L za:fzzg 2inine seoond

whi ch _ha X (not sho ocat ed on the se ce 20A side, a
bOttOﬁ]Sﬁpgg% %@dth “péég 08%‘%@4?9%& i &6 & and a
central axis coipciding mnth a nor nal i.ne of r of the flrst surface

10A. TherefYr®r dayecers %lim\@egﬁeﬂtgsr éhs @ﬁnée‘l o Mgéﬁ 88NY0%\e¥3eR .2 For
exanpl e, when the infrared sensor elenent is adopted as the photoeIectrlc
conver si d¥ickpgerdns mountpsd pmpr grat dopsdB safigiged fipmer privglevisingi ew can
be achieved as the sensor device. [0048] The nunber of the Fresnel |enses
1, | A inhopednmlThis peglrgs 4 Bnsonfigursd Lﬁr% idsk-ghpped | stemed, 4 obwoil-

(Enbodi ment 2) Hereinafter, a Fresnel |ens according to the
present dobodiereoylinititall@Gpbe cdesectcBdd thietfiemebeandeelight beaw. traasand 5B.

[ 0050] A basic configuration of a Fresnel lens 1 according to the present
enbodd nemhittimgsubsitbant7 atrhyngsd b laartotdotehan opbnbnd6difoemed dn 4 bettdinf f er ence
t herebetween being in that a | ens surface 21 |ocated on a center, anong a
pl ural it yfohislcaps snd havass 2 Tuntétiow ohfragsnackifg desaefdight beam.hylderdyol oi d
25 in 15 which a rotation axis is inclined with the |ens thickness

di recti onhanthckhiell hsusdy asiemieat HoldaeemaniberC @i MDDHoard angiag
curvature. In addition, the constituent elenents simlar to those of

Embodi nenikel 3ath@it m&ga‘?ﬂlo\ﬁbélbcﬁﬂé%rfv%ﬁﬁbﬁﬂﬂ&n@hw alFhed)dntthe sexpb@anat i on
thereof is herein omtted. [0051] Simlarly to the Fresnel lens 1 of

Enbodi meqkyike, @l dovk@Naesipel af 89 P?&vﬁ@d GRfthbg Iﬁﬁlﬁ‘lsg%ﬁl%ﬁt fleRM RaLds iof
el l'iptical cones 30, respective However, when alT lens surfaces 21 are

conf hgur %Qnﬁ% dPsY %ﬁre%fﬁ‘leéshbpiéxﬁéé 1¢ %P&n@@ 358919?&6&’5«‘!& lo¥s oﬂehguxlfg&ag

surface 21 in the centr l'ens portion la includes an apex

o1 1L PLT CRlacOnend 0N hAB LU ¥Ps WG BECATR AN 200N kAKOWS:S, el he apex

P, and t ore, It Pcul £ or passi ng through 25 the

apex P, tn?frgfedc 8eﬂs%%tqum%ﬁt %uoﬁ asl a%%rl elegtric element, or a light receiving

element such as a photodiode can be adopted as the photoelectric conversion

element 2. When the infrared sensor element is adopted as the photoele-
20  ctric conversion element 2, a silicon substrate, a germanium substrate or the

like is preferably adopted as the light beam transmitting member 7.

[0047] In a Fresnel lens 1A arranged on the center of the multi-segment lens,

each lens surface 21A in a second surface 20A is configured from a part of a

side surface of a circular cone, which has an apex (not shown) located on the

25 second surface 20A side, a bottom surface (not shown) located on a first



23 [0052] On the other hand, in the Fresnel lens 1 of the present

enbodi nent, the lens surface 21 |ocated on the center anong the plurality
of lens surfaces 21 (that is, the lens surface 21 in the central |ens
portion la) is configured fromthe part of the above-nentioned hyperbol oid
25. 5 [0053] Therefore, the Fresnel Igaf 1 of the present enbodi nent can
further reduce aberration as conpared“®ith that of Enbodi nent 1, and the
focusi ng performance can be inproved. Accordingly, when the Fresnel lens 1

E%pf Q?nﬁkﬁfﬁﬁn@%’?ﬁéﬂﬁﬂ% f%l@@é%’??ng?)g}%@ﬁéﬁ“ ! Pﬁ%‘*%ﬁ%&f 16 (Gehr I
F 1 i . i
cont rar - 1oibe gt Puflar 1060C RFREGRECEN BRMnee sl R MR S Beidod 425

t hereby being capable of reduci erration, as compared.w th fhat

cont § gur & PRoA: phet SspniieabBRente SirRts SRaERIRAGRE tha fyise Bei o o

25. In a case where the Iens.suriace 21 in the central lens.portion lais
cont i G- 18CUTRRIE KGHT REMBHHODE RGO o BB & AR T Ay HeCal I d f or
the Fresnel lens 1 is produced, processing .can be performed by

r eci pPocANEhg ChVieHt 41 eﬁﬁngféGl o nsAEAPHCAg a cutting face 131
perpendi cul ar. to the curved surfaces according to the_ |l ens surfaces 21 as
shown in [PP48] The awabepof the thesneladeases fe LArachesmpdtizggmentens & ned as
far as a nose radius of the 20 cutting tool 130 is snmaller than the

cur vat ur eatgdirtisubsrly heitgder bol oi d 25, and hence the processing time can
be reduced even when the lens surface 21 in the central lens portion |la are
the part [0049héEmbpdimeht2d 25. [0055] Here, in the Fresnel lens 1 of the
present enbodi ment, the lens surface 21 in the central |lens portion lais
not |inted toHdreinafpar hdlesdePlens2céslihgrig the praserdteamsbedimiatewdl in t he
central lens portion la is an aspheric 24 surface having an axis of
symmayry benddscribdd wiith refespeat td Bigs. bansnd BBckness directi on and havi ng
continuously changi ng curvature, the focusing perfornmance can be further

i mproved [@85@loMPBaEd WnlflzuraEisnedf heRgeshedfledmmioded@dingl to ItheSh@sbnt i n t he
Fresnel lens 1, preferably, a |l ens surface 21 located 5 on a center anong

the pl ur ahiBodiffent 89 8ubWandRely Sihilsr sfHdtpNEsbbanrat pathe 8fffdBnaspheri c

surface with continuously changing curvature, and then any normal |ine
i nt er secth B Beh NRINEDS tBUE At 2dulfREabedoRRdNEn GERdBlr,CORbhGUL ed from
a part of the aspheric surface anong normal |ines of respective points on

the firs i - paral lels teed S, q 4 j {5, of 10
et 1y ARG AR 100 LArREA: PR/ Al dobiigd Dttt 0 AR SMPHYRLOGMIANS f 0 2o
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rotation.axis ORL of t h i Ther: OCYSsi . f or mance
con bo | e hasa el RS YRR BBhAhhotRly AHIRLRR Y RRpkOC 1R fyfSH O TR
of the 15, aspherjc surface, should be.non- | lel t ormal .lines.qf

Pespoct i B¢ poRTT bR ARSI SRR BonbRR of Bttt boid Pt Rl 1
when the | ens surface 21 I?catgﬁ on the centg& IS Pr %%%ted.in a direction
var al | el SEBCreleianes Pupis e g AnAHbeRRplnaioy Haerepbts ReGaR P mMed arl y to the
Fresnel lens .1 of Enpodinent 1, in the Eresphel. lens, 1 of the present
enmbodi nerl;@(,)glt]hglmilﬁgg’dﬁ‘o 1iq“r??t EFesSé’@h ?‘?fhg ipfﬁﬁg‘é‘#weﬁﬁ Eaﬁlfg%ﬁes@ a%ﬁ%dzefhe
hyper bol oi d 25 inscribhed in the elliptical cone 30 is fgL?rﬁgly i nt ersect
wi t h20 he cab st o IpHe Bam parts of @%@tma&ﬁws ﬁ9n§e%pe§ﬁa -i AlEVEeL 5A and
5B, the lines of intersection of the elliptical cones 30 and the

hyper bol &thes 28 lenscrurbregsi 2l aie configpred dromoparts 30 dkipgicabgorespBine

surface 2515 which is orthogonal to the lens thickness direction (that is,
par al | el respechigely, the lens surface 21 in the central lens portion la includes an

apex P of an elliptical cone 30 and the curved surface becomes discontinuous
in the apex P, and therefore, it is difficult for a light beam, passing through

25  the apex P, to be collected on a focal point F.



25 first surface 10 configured fromthe plane surface), and which has a

hei ght froma valley of the nmountain portion |l b of each orbicular
zone-shaped |l ens portion | b that is a half of the maxi mum hei ght of the
mountain portion 11b. Therefore, in the Fresnel lens 1 of the present

enbodi nment, |ight beans 5 passing on %?e intersections of the |lens surfaces
21 and the plane surface 15 are colleCted on the focal point F, as shown in
Fig. 5B. [0057] In the Fresnel lens 1 in Figs. 5A and 5B, assum ng that a

rect angu|[665§]°‘%5§k}@@591e%yﬁ;§c§@iﬂ ﬂhe"‘@f%&gi sf?.%ﬁlt}ég%!rggen% |

b ayed as an
origin, the rotation axis of the erbol oid is enployed as a

z-axi s, - ax| 0 - axi I Lhe - axi i
et nod, TERIERS Suftady aF ROl B enR Rk BT B B S ot
| ens portj.,on,la.is.represented .t aboye-nentioned Formul a (1). Further,
nssun ng Thabaf i HicBPSRtahE o2 b dRe JERLRLTER bRAGR T sBabbbiel “and P
are enpl gyed as origjns, the central axes i . CA2 are enpl oyed as
z- axes, 3%594395V%%8£g$??$%ﬂ3ﬁ%”ﬁ%%ﬁ&ﬁﬁﬁfgggﬁ%fggdirections of ellipses in
cross-sections orthogonal to the z-axes,. and y-axes, are specifjed al ong
i nor Sax00GR, dder ge, @waf%ﬁsgeﬁéqqsné@? thﬁ@l’%ﬁfqr}tpﬁmb%ﬁh%edﬁe@reﬁﬁﬁ%% 302
can be represented by the above-nentigned Fornula (6). [0058] As an exanple
of the Fredues abegation as qoanrayedeVud thytof danbpdimendnk anyd the forusing
configured froma part of a hyperboloid 25, and fjve |ens surfaces 21 each
conf i gur égrforgyange pant boimarevefe sigooadimedy, vahewrthe direens! levad shthe
exenplified. In the Fresnel lens 1 of this exanple, the five elliptical
cones 30 presardspobeldimeenttostdmpliesht the fersos dyiaehidratdras bedn explaordsl cul ar
zone to a fifth orbicular zone are represented as elliptical cones 301 to
305, respedimbedimerfttl,IthetdensFEnasnedn benmprowvéd.t hi s exanple, in a case
where a thickness t of a base 26
10 [0054] In the Fresnel lens 1 of the present embodiment, the lens surface 21
in the central lens portion 1a is configured from the part of the hyperboloid
25, thereby being capable of reducing aberration, as compared with that
configured from a part of an aspheric surface other than the hyperboloid 25.
In a case where the lens surface 21 in the central lens portion la is config-
15  ured from the part of the hyperboloid 25, when a metal mold for the Fresnel
lens 1 is produced, processing can be performed by reciprocating a cutting
tool 130 while inclining a cutting face 131 perpendicular to the curved
surfaces according to the lens surfaces 21 as shown in Figs. 6A and 6B. In
this case, the processing can be performed as far as a nose radius of the
20  cutting tool 130 is smaller than the curvature radius of the hyperboloid 25,
and hence the processing time can be reduced even when the lens surface 21
in the central lens portion la are the part of the hyperboloid 25.
[0055] Here, in the Fresnel lens 1 of the present embodiment, the lens

surface 21 in the central lens portion la is not limited to the hyperboloid 25.

25  As long as the lens surface 21 in the central lens portion la is an aspheric



portion configured froma portion other than each nountain portion IlIb is
0.5 mm a height (lens step) At of the nountain portion |l b on a point
closest to a focal point F in each orbicular zone-shaped |lens portion Ib is
0.05 mm and pol yethylene with a refractive index of 1.53 is enployed as a
lens 5 material, values of coefficieng% a, band c in Formula (1) or (6)
are shown in the follow ng Table 3. Table 3 shows values of a, b and c in
Formula (1) as to the hyperbol oid 25, and shows values of a, b and c in

Formul a (8).£:38 htagzlﬁggnee{)h B¥ lsﬁ?llm ‘?ﬁc a %vqt}ﬁpessyetp%?é{q ns P®kness

coefficients omn In are t l'ues o talne under a
et e I&%ﬁﬁéﬁéﬁ%&gﬁé e i A
0 A e S A R S RO ) o1
ggif Egcggrrl%n’%}g IEf f@l'u%]l F{}{){}%ecgj?g%’ﬂ?il o g f%@%(fy, a lens surZa lél ﬁ)cagead Cone
5 on a center among the plurality of lens surfaces 21 is configured from a part
of an aspheric surface with continuously changing curvature, and then any
normal line intersecting with the lens surface 21 located on the center confi-
gured from a part of the aspheric surface among normal lines of respective
points on the first surface 10 is non-parallel (that is, inclined) to an axis of
10 symmetry of the aspheric surface corresponding to lens surface 21 located on
the center with which the any normal line intersects (in a case where the
aspheric surface is a hyperboloid 25, the axis of symmetry is a rotation axis
OP1 of the hyperboloid 25). Thereby, the focusing performance can be
improved. In this case, in the Fresnel lens 1, the axis of symmetry of the
15 aspheric surface should be non-parallel to normal lines of respective points
on a projection domain formed in the first surface 10 when the lens surface
21 located on the center is projected in a direction parallel to a central axis of
the first surface 10.
[0056] Similarly to the Fresnel lens 1 of Embodiment 1, in the Fresnel lens 1
20 of the present embodiment, the line of intersection of the elliptical cone 30
and the hyperboloid 25 inscribed in the elliptical cone 30 is preferably
intersect with the mountain portion 11b. In the Fresnel lens 1 shown in
Figs. 5A and 5B, the lines of intersection of the elliptical cones 30 and the
hyperboloids 25 inscribed in the elliptical cones 30 exist on a plane surface

25 15 which is orthogonal to the lens thickness direction (that is, parallel to the



7.78 1.74 Elliptical Cone 303 8.92 6.68 1.75 Elliptical Cone 304 7.87 5.97
1.76 Elliptical Cone 305 7.11 5.47 1.77 15 [0060] In a case where |ight
beans incident at an incident angle of 45 degrees with respect to the first
surface 10 are collected on the focal point F, an angle fornmed by the
rotation axis OP1 of the hyperbol oid %g of the central lens portion |la and
the normal line of the first surface shoul d be 27.5 degrees according to
Snell's law. That is, the rotation axis OPl should be 27

first surface 10 configured from the plane surface), and which has a height
from a valley of the mountain portion 11b of each orbicular zone-shaped lens
portion 1b that 1s a half of the maximum height of the mountain portion 11b.
Therefore, in the Fresnel lens 1 of the present embodiment, light beams
5 passing on the intersections of the lens surfaces 21 and the plane surface 15
are collected on the focal point F, as shown in Fig. 5B.
[0057] In the Fresnel lens 1 in Figs. 5A and 5B, assuming that a rectangular
coordinate system, in which the focal point F is employed as an origin, the
rotation axis OP1 of the hyperboloid 25 is employed as a z-axis, and x-axis
10 and a y-axis are orthogonal to the z-axis, is defined, the hyperboloid 25 that
becomes the lens surface 21 of the central lens portion 1a is represented by
the above-mentioned Formula (1). Further, assuming that rectangular
coordinate systems, in which the apexes P; and P2 are employed as origins,
the central axes CA; and CAsz are employed as z-axes, x-axes are specified
15 along major axis directions of ellipses in cross-sections orthogonal to the
z-axes, and y-axes are specified along minor axis directions, and are defined,
the elliptical cones 30; and 302 can be represented by the above-mentioned
Formula (6).
[0058] As an example of the Fresnel lens 1, a lens including a central lens
20 surface 21 configured from a part of a hyperboloid 25, and five lens surfaces
21 each configured from a part of a side surface of an elliptical cone 30 is
exemplified. In the Fresnel lens 1 of this example, the five elliptical cones
30 corresponding to the lens surfaces 21 that are a first orbicular zone to a
fifth orbicular zone are represented as elliptical cones 301 to 305, respectively.

25  In the Fresnel lens 1 of this example, in a case where a thickness t of a base



inclined by 27.5 degrees with respect to the normal line of the first
surface 10. The central axes of the |lens surfaces 21 of the second surface
20 intersecting with the normal lines are inclined with the normal |ines of
t he respective points on the first surface 10. 01 denotes an angle forned
by each of the 5 normal lines Bl-Bl1l Bd B2-B22 intersecting with the |ens
surface 21 which is the first orbicul zone closest to the central |ens
surface 21, and the central axis CAl of the eIIipticaI cone 301. 02 denotes

an angl e x{o‘%ﬁ%ﬁ%o‘i’%’ g‘%@&%‘ f?(\%\lﬁ oPAbABthbt ‘Bﬁ‘é g%oéﬁga&zp&%%d pghgecting
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zone, and the_ central axis CA5 of the ellip Cabréﬁgéla , values of 00 to
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3.64 04 4,56 05 5.43 0
the hyperboloid 25, and shows values of a, b and ¢ in Formula (6) as to the

elliptical cones 30; to 305. However, the coefficients a, b and ¢ shown in
Table 3 are the values obtained under a precondition that a distance from an

10 image surface I parallel to the first surface 10 of the Fresnel lens 1 to the
first surface 10 is 5.5 mm, and light beams incident at an incident angle of 45
degrees are collected on the focal point I.

[0059] [Table 3]

Lens Surface Coefficient a | Coefficient b | Coefficient ¢
Hyperboloid 25 2.40 2.78 3.67
Elliptical Cone 301 13.53 9.83 1.73
Elliptical Cone 302 10.54 7.78 1.74
Elliptical Cone 303 8.92 6.68 1.75
Elliptical Cone 304 7.87 5.97 1.76
Elliptical Cone 305 7.11 5.47 1.77

15 [0060] In a case where light beams incident at an incident angle of 45
degrees with respect to the first surface 10 are collected on the focal point F,
an angle formed by the rotation axis OP1 of the hyperboloid 25 of the central
lens portion la and the normal line of the first surface 10 should be 27.5

degrees according to Snell’s law. That is, the rotation axis OP1 should be



28 which is fornmed by a normal line of each point on the first surface 10
and a central axis of each lens surface 21 of the second surface 20 with
which the normal line intersects, becones |arger as a orbicul ar zone-shaped
|l ens portion b is |ocated further outside. 5 [0063] Fig. 7 shows a spot

di agram of the focal point F of this Fresnel lens 1. Fig. 7 shows a spot
diagramin the range of 2*2 nn1enp|oyg g the focal point F as a center. The
size of a focal spot should be |l ess than or equal to the size of the

phot oel ect. [ r r t f ocal
boi nt F orCpiet By %%P%@%ém?%%%c%@@f@oﬁ@“ﬁmﬁl hfe PSR IE 105

h
Irzlr ggngi gITe X Cefl%?ﬁfugee rtglgélﬁ%lggﬁg 5 fg’ssngﬁl?t ?é%n%%eonr e%%?g%? as ng%ﬁ%%crﬁelp W th
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15
?rgnrgapé%% 0 O%tgpérS%&%FgHﬁzﬁgedﬁlagﬁﬂﬁﬁﬁggﬁngkﬁ rthfgﬁ 2%%& ggg igure

capabl e of su reSS|n occurrence of off-axis tion in a case

utili 2i nd'orAe 3};{ 1 3yl BoBEY mirapefdthe Wb@hﬁt% ngjsugface g ‘é@écfao from
t he outsi de mnrld and redUC|n%‘the cost. [0065]. (Enbodi nent 3)

20Her ei nas tibe, Tigstrpidaerelar | wme qoa@%oﬁqﬂchg qeatltaleleaﬁewmcee%oamﬁeme will be
described with reference to Figs. 8A and 8B. A basic configuration of a
Fresnel Icentral agde 6rati afhtho ellméll([tﬁfle@élﬁt 3@bdidemetes gnsangle darmaliy simi | ar
to that of Enbodinent 2, the difference therebetween being in that the
first suehabeoflthé sucammlr lines UiHHdeanfa€2i@22 ontergecton@rwith thaldempposi t e
to the 25 second surface 20. In the Fresnel lens 1 of the present

enbodi mesurfache2l 3thith ristthe wetace oibicusarcomid genoad ¢losentatopire caitral
spherical surface having a large curvature radius, but is not limted to

t he part leis tindfaspPeracdbhs verit@abaxisCOASHf the ¢lheticnbsoal 30£nSimibirly,

Enbodi ment 2, in a case where polyethylene is enployed as a |l ens material,
the firstssumiagahid O;Sdehopbang sugleaemcAsby the st dl, 1115¢ MkteFBEdtBnOr

wavi ness occur due to cooling of the injection nolding, shrinkage

unevennesstlk aUs 9dnd whirfEe 2 B YHich fik GBI tBRrPbAGESHr et A@dl tHeecerdbl]
appearance may be damaged. Further, for exanple, in a case where of

equi ppi NGxANCARRAR AL léﬂl}ia@en @5030,2beUb8H @A f aﬁgleaﬂofm@arw tHOREFmM th the
sensor device shown in 4A to 4C, the Fresnel lens 1 configures a part
of line intersecting with the lens surface 21 which is the fourth orbicular zone,
15 and the central axis CA4 of the elliptical cone 304, and 05 denotes an angle
formed by the normal line intersecting with the lens surface 21 which is the
fifth orbicular zone, and the central axis CAs of the elliptical cone 305, values

of B to 05 are shown in the following Table 4.

[0061] [Table 4]

01 1.67°
02 2.68°
O3 3.64°
04 4.56°
Os 5.43°

20

[0062] It is understood from Table 4 that in the Fresnel lens 1, the angle,



10 the appearance of the apparatus. Therefore, in order not to damage the
desi gn of the apparatus, preferably, the first surface 10 is forned so as
to be substantially flush with a portion on the periphery of the first
surface 10 on a surface of the apparatus. [0067] So, in a case of enploying
pol yet hyl ene as the I ens material and_15 producing the I ens by injection
nol ding, the Fresnel lens 1 is prefera |y configured such that a curved
surface has a large curvature radius (curved surface with small curvature),

as SNoWn J fich1idSr et 3% BBrmla 1l o ER2SoibbEn! @RI GNERSIALAAGE ! On 19

a normal Tine directio each poi rst surface

Fresnel |en of the present enbodi the fi S . 104 S

confi gur &gt r&%t?éﬂ%ogﬁ?@é %Suwrig(ée 2 fll1ar(r)t? nclhg SS%%Q/%)%{I?%&\/%%Q ‘g{tf??‘&gu%lpg%%i teto
t he second surf?ce 20, th reﬁ%zbeing c%pable of sqﬁgressin%éa i rection of
wavi ness TR THE r BEPTIHSTS: aRECPRER, dATSHg 28 phePAHEERT £ 715 ButheS dtiged. 1In
addition, the Fresnel I|ens is preferably configured such that the first
surface POTHER b8 P%@ﬁ&@réf%i%@su rger than the central |ens 25 surface
21 configured froma part of the hyperbol gi d 25 hayi .an aspheric_ 30

surf aée, 89@3i%ﬁé:%ﬁB@Wﬁﬁyﬁ@ﬁﬂ%§§ﬂ§&PfQﬁégﬁﬁbPOW%%%6a%%§ F%%Hgge?ﬁé-side
opposite to the hyperboloid 25, %0068] I n t*he Fresnel |ens 1 of the present
embodi medtig. WRkWE Respotidiagiane ipthe Kenge eisd™ Zsmm gewlepngdhgdesamodnt n a

range where an off-axis aberration .
F as a center. The size of a focal spot should be less than or equal to the size

of the photoelectric conversion element arranged so as to correspond to the
focal point F of the Fresnel lens 1 (here, 0.6*0.6 mm or less). When compa-
10 ring Fig. 3 with Fig. 7, it is understood that the aberration of the Fresnel lens
1 of the present embodiment can be reduced as compared with that of the
Fresnel lens 1 of Embodiment 1.
[0064] In the Fresnel lens 1, the lens surface 21 of at least one orbicular
zone-shaped portion 1b among a plurality of the orbicular zone-shaped lens
15  portions 1b is configured from a part of a side surface of an elliptical cone 30,
thereby being capable of suppressing occurrence of off-axis aberration in a
case of utilizing incident light obliquely incident upon the first surface 10
from the outside world, and reducing the cost.
[0065] (Embodiment 3)
20 Hereinafter, a Fresnel lens 1 according to the present embodiment
will be described with reference to Figs. 8A and 8B. A basic configuration of
a Fresnel lens 1 according to the present embodiment is substantially similar
to that of Embodiment 2, the difference therebetween being in that the first
surface 10 is a curved surface that is convex toward a side opposite to the

25  second surface 20. In the Fresnel lens 1 of the present embodiment, the



5 does not exceed an all owabl e value (less than or equal to the size of the
phot oel ectric conversion elenent), polyethylene is enployed as the | ens
material, and occurrence of sink marks or wavi ness can be suppressed while
suppressing occurrence of off-axis aberrations. Further, when the first
surface 10 that is a surface of appearance of the Fresnel lens 1 is
configured 10 so as to have the sane Glrvature as a portion on the

peri phery of the first surface 10 on a surface of the apparatus, the design
of the a . [ - I e

or esent - OBbarhRet 1048 EACRRY Rt SRRl ARG IR Ree 1Bl S0k SR, o
la is configured from art .a. 15 hyperbgl gi.d 25,simlarly to Enbodi nent
2" 1 aeBHREBURR BB B el R B PR BB SR R el s T el | ned
by 27.5 sim.larl 0 anpl.e of Enbodi nent 2, the off-axis
obertaci JHOBEE Snabei mEgu laert EERTRMEmE s 2o sBRRa Rerel o B i

i nci dent .angl e of 45 degrees.

pr esent éﬁﬁ%&ﬁﬁﬂﬁ%?sﬁ egséégﬁrT ere”g&gbpgégé Jgkgﬁﬁg%dﬁﬁ i@é 2gﬁ%?8ured
froma part of a_spherical surface, the rotation axis OP1l of the._.

hyper Bol dpembiEsink mgrkner Waenpsreecaiidue footolingy atb@umetcﬁ@na@@fdmg, of the
hyperbol oid 25 in an xz plane of a rectangul ar coordi nate system defined in
Enbodi neshrinkggetunavieingeny pentssl didngs salislienyomprengseaaidiecliss, anduci ng
the off-axis aberration. 25 [0070] The Fresnel lens 1 of the present

enbodi mertpesramcef eragblbg dambiggd. Furtherd feuckantide, in rresasd Wwhewer sbcti on
of the elliptical cones 30 and the hyperbol oids 25 inscribed in the

el l'i pti calquooriag B0 appheatssciucki aé at tedevisiont aii anpor tcoodtidridy, witihntherly to
the Fresnel lenses 1 of Enbodinments 1 and 2. In the Fresnel lens 1 in Figs.
8A and 8BentdreddvioeshofniintlégsetAitod(otthe feeeidlilphs ¢ aonfigaoeres padt ahd t he
hyper bol oi ds 25 inscribed in the elliptical cones 30 exist on a plane
surfage lhewpplarhase af haeoippdaons.a Taddeyrepfint didermuit i dapordel thie | i b of
each orbicul ar zone-shaped lens portion Ib that is a half of the maxi num
hei ght ofdekhe DiHt @pphiRent, pefdebbly, Therfakoserfabd 10he fbrasaeb dsefshel of the
present enbodi nent, 1ight beans passing on the intersections of the lens 10

sur f aces sghs@ndidinennlRKa s UijoRtien b e EPRAGtiFIhefirkheufaealopaint F, as
shown in Fig. 8B. [0071] In the Fresnel lens 1 of Figs. 8A and 8B, assum ng

that a rgg}Q@ggkgﬁeggﬁgghﬁgte system in which the focal point of the
hyperboloid 25 Is enployed as an origin, the rotation axis OP1 is enpl oyed

as a Z-aﬁg(ﬁaeﬂa@g, ?’Eoﬁ?‘ﬁé goga%}gpt eiﬁ‘%é’ﬁno?%‘%tﬁl e A5TRIRIA HlReliAf HipXiS, 1S

defi ned, hyper I'“I'ens portion la is represented
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first surface 10. In the Fresnel lens 1 of the present embodiment, the first

20 surface 10 is configured to be a curved surface that is convex toward a side

opposite to the second surface 20, thereby being capable of suppressing a
direction of waviness in one direction, and preventing appearance from being
damaged. In addition, the Fresnel lens 1 is preferably configured such that

the first surface 10 has a curvature radius larger than the central lens

25  surface 21 configured from a part of the hyperboloid 25 having an aspheric



| ens surface 21 configured froma part of a hyperboloid 25, and five |lens
25 surfaces 21 each configured froma part of a side surface of an
elliptical cone 32 30 is exenplified. In the Fresnel lens 1 of this
exanple, the five elliptical cones 30 corresponding to the |lens surfaces 21
that are a first orbicular zone to a %6fth or bi cul ar zone are represented
as elliptical cones 301 to 305. In the"Fresnel lens 1 of this exanple, in a
case where the first surface 10 is confi- 5 gured froma part of a

spher | cal. SHiLagghav Y YRP SEaglolsiah ORI Byl PR ot

of a base por 1on con% ure ron1 an each nountal n

t lib I t At of th i lib
P & o ﬁ%ﬁpef%%ﬁ%?h%geﬁbgi%@*%of nt B i Bhch orbicular zone. th‘séé' Lens

rtion I f t d 53 10
P el oy Q%ésjs?a?ﬁaFr““em{iieﬁaﬂyoewﬁ?émiggw BRF G et ths i aRlyer

Formula (1) Formul.a (6) .are sho .mthefolovmng abl. e Tabl e
5 shows \9% b%sf”@f? Sé‘rf?’&ea}l% ig designsdin g yapgeaw ?Be laﬁeoﬁ-g @g%‘iﬁl% and

shows values of a, b_and ¢ in Formula (6) as to the el |cal cone 301 to
305. The desemotcieaed an ablogyble V@#\wf%ﬁ tham) er sagaL t9a1‘ﬁ@e§126m fathfed under
a precondition 15 that a distance froman_ i nmage surface | of the_ Fresnel
lens 1 t ®hokeeledtaite convdrarm sderapnel nodvethelqntade quploged fsdbe bihg in
contact with the first surface 10 is 5.5 nm and Lm%w; beans incident at an
i nci dent namigrialoindscdoyevesobsinkoohlecoew avinedse pupmiessed wiibo73]
[ Tabl e 51 Lens Surface Coefficient a Coefficient b Coefficient c
Hyper bol sugp&ssthB®ceuimende 66 Bfftaxps i dairrgomes. 30Further, when the first
surface 10 that is a surface of appearance of the Fresnel lens 1 is configured
10  so as to have the same curvature as a portion on the periphery of the first
surface 10 on a surface of the apparatus, the design of the apparatus can be
enhanced.
[0069] In the Fresnel lens 1 of the present embodiment, while the lens
surface 21 of the central lens portion la is configured from a part of a
15  hyperboloid 25 similarly to Embodiment 2, in a case where the rotation axis
OP1 of the hyperboloid 25 is inclined by 27.5 degrees similarly to an example
of Embodiment 2, the off-axis aberration becomes larger with respect to light
beams incident at an incident angle of 45 degrees. Therefore, as the Fresnel
lens 1 of the present embodiment, in a case where the first surface 10 1s
20 configured from a part of a spherical surface, the rotation axis OP1 of the
hyperboloid 25 is further inclined while rotating about the apex Py of the
hyperboloid 25 in an xz plane of a rectangular coordinate system defined in
Embodiment 1 as to this hyperboloid 25, thereby being capable of reducing

the off-axis aberration.

25 [0070] The Fresnel lens 1 of the present embodiment is preferably config-



13.24 9.74 1.74 Elliptical Cone 302 10.36 7.74 1.75 Elliptical Cone 303
8.78 6.66 1.76 Elliptical Cone 304 7.75 5.96 1.77 Elliptical Cone 305 7.01
5. 46

31

ured such that lines of intersection of the elliptical cones 30 and the hyper-
boloids 25 inscribed in the elliptical cones 30 intersect with the mountain
portions 11b, similarly to the Fresnel lenses 1 of Embodiments 1 and 2. In
the Fresnel lens 1 in Figs. 8A and 8B, the lines of intersection of the elliptical
5 cones 30 and the hyperboloids 25 inscribed in the elliptical cones 30 exist on
a plane surface 15 which has a height from a valley of the mountain portion
11b of each orbicular zone-shaped lens portion 1b that is a half of the maxi-
mum height of the mountain portion 11b. Therefore, in the Fresnel lens 1 of
the present embodiment, light beams passing on the intersections of the lens
10  surfaces 21 and the plane surface 15 are collected on the focal point F, as
shown in Fig. 8B.
[0071] In the Fresnel lens 1 of Figs. 8A and 8B, assuming that a rectangular
coordinate system, in which the focal point of the hyperboloid 25 is employed
as an origin, the rotation axis OP1 is employed as a z-axis, and an x-axis and
15 a y-axis are orthogonal to the z-axis, is defined, the hyperboloid 25 of the
central lens portion la is represented by the above-mentioned Formula (1).
Assuming that rectangular coordinate systems, in which the apexes P; and
P2 are employed as origins, the central axes CA; and CAz are employed as
z-axes, and x-axes are specified along major axis directions of ellipses in
20  cross-sections orthogonal to the z-axes and y-axes are specified along minor
axis directions, are defined, the elliptical cones 30; and 302 can be represe-
nted by the above-mentioned Formula (6).
[0072] Here, as an example of the Fresnel lens 1, a lens including a central
lens surface 21 configured from a part of a hyperboloid 25, and five lens

25  surfaces 21 each configured from a part of a side surface of an elliptical cone



1.78 33 [0074] Here, in the Fresnel lens 1, as to the hyperboloid 25
corresponding to the lens surface 21 of the central |lens portion la, the
rotation axis OP1 of the hyperboloid 25 of the central |ens portion |a of
Enbodiment 2 is inclined 5 while rotating about the apex 13,, of the
hyperboloid 25 in the xz plane by 2.5 gegrees t her eby bei ng capabl e of
reduci ng an off-axis aberration. Furt f the normal |ines of the
respective points on the first surface 10 are directed to a curvature
center ofyfhe fir c ect
central a3xc}es > CAL" éfﬁ&é%fn %%ée%eg lgé |ve #Hel%g?q{s?\tﬁf}élgcggé ?ﬁl? ﬁlt(gggecond
10 surface 20 ch. t he ter angle
formed by Pﬁ%?’W&P%SpP?ﬂ]élgotfo Q‘r?eleflﬁﬁ as?ﬁ? ?g tgl ? dg rgsﬁ%%ge%ﬁ aX| s CAl
of the ellip cone 301 corres t he Iens rfa ichis
the first Oé‘rﬁ E‘lﬂrQW %éoneo%red‘"@% %ﬁﬁglll e ougs %;l) 38? ‘?Jr face
|, and the central s CA2 of the elllptlcal ng 302 corr nd| to the
| ens surfd@én?ﬁePé:MﬁigﬁsQ¥apﬁées€b8dﬁs8ﬁ%b%ﬁﬂé¥agﬁﬁéﬂlgﬁ f@ ﬁonﬁgsuning
that 03 denotes an angle fornmed by the normal line of t e surface
and t he @wedarom rsax%qé a@pheﬁl@abwnfa@q bavln@o%]@u@@@ué%m&'ﬁgzgpﬁgn% t he

| ens surface 21 which is the third orbicular zone, 04 denotes an angle
formed by mheimurhpightrieofod bare piowkge configaeed frommaperion ethetathatki s cas
of the elliptical cone 304 corresp- 20 onding to the |ens surface 21 which
i s the f@achmonbiadulpartionddb iafd 080 deheigdy (éml%tgp)sAf« of e Mo tAE nor mal
line of the imge surface I, and the central axis CA5 of the elliptical
cone 305 pootipesibroi agoimd dérest ena feealfpmiet Binwaichwrbiul iezdmushapest bi cul ar
zone, values of 00 to 05 are shown in the follow ng Table 6. 25[0075]

[ Tabl e 6]len8gofdort 155s @R0% ni, AAd polyethylene with a refractive index of 1.53

10 is employed as a lens material, values of coefficients a, b and ¢ in Formula (1)
or Formula (6) are shown in the following Table 5. Here, Table 5 shows
values of a, b and ¢ in Formula (1) as to the hyperboloid 25, and shows values
of a, b and ¢ in Formula (6) as to the elliptical cone 301 to 305. The coeffic-
ients a, b and ¢ shown in Table 5 are values obtained under a precondition

15 that a distance from an image surface I of the Fresnel lens 1 to the plane
surface parallel to the image surface I and being in contact with the first
surface 10 is 5.5 mm, and light beams incident at an incident angle of 45
degrees are collected on the focal point F.

[0073] [Table 5]

Lens Surface Coefficient a Coefficient b | Coefficient ¢
Hyperboloid 25 2.38 2.76 3.65
Elliptical Cone 301 13.24 9.74 1.74
Elliptical Cone 302 10.36 7.74 1.75
Elliptical Cone 303 8.78 6.66 1.76
Elliptical Cone 304 7.75 5.96 1.77
Elliptical Cone 305 7.01 5.46 1.78




6.54 04 7.47 05 8.36 [0076] Fig. 9 shows a spot diagramof the focal point
F of this Fresnel lens 1. Fig. 9 shows a spot diagramin the range of 2*2
nm enpl oying the focal point 5 F as a center. The size of a focal spot
shoul d be less than or equal to the size of the photoelectric conversion

el ement arranged so as to correspond the focal point F of the Fresnel
lens 1 (here, 0.6*0.6 mmor less). W conparing Fig. 7 with Fig. 9, it is
understood that the aberration of the Fresnel lens 1 of the present

enbodi ment is equivalent to that of the Fresnel lens 1 of 10 Enbodi nent 2.
[0077] Al though the present I nvention has been described with reference to

e LD B IR R T R T s P £
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reverse Side euciage of jLhe firs], surface 18 g Secend surface v ng a
5 while rotating about the apex Px of the hyperboloid 25 in the xz plane by 2.5
degrees, thereby being capable of reducing an off-axis aberration. Further,
the normal lines of the respective points on the first surface 10 are directed
to a curvature center of the first surface 10, and are inclined with respect to
the central axes CA; and CAz of the respective lens surfaces 21 of the second
10  surface 20 with which the normal lines intersect. 01 denotes an angle
formed by the normal line of the image surface I, and the central axis CA; of
the elliptical cone 30; corresponding to the lens surface 21 which is the first
orbicular zone. 62 denotes an angle formed by the image surface I, and the
central axis CAz of the elliptical cone 302 corresponding to the lens surface 21
15  which is the second orbicular zone. Similarly, assuming that 83 denotes an
angle formed by the normal line of the image surface I, and the central axis
CAs of the elliptical cone 303 corresponding to the lens surface 21 which is
the third orbicular zone, 84 denotes an angle formed by the normal line of the
image surface I, and the central axis CA4 of the elliptical cone 304 corresp-
20 onding to the lens surface 21 which is the fourth orbicular zone, and 65
denotes an angle formed by the normal line of the image surface I, and the
central axis CAs of the elliptical cone 305 corresponding to the lens surface 21
which is the fourth orbicular zone, values of 6y to 05 are shown in the

following Table 6.

25 [0075] [Table 6]



wherei n at

| east one of the plurality of
part of a side surface of an elliptical

cone, and

| ens surfaces is configured froma
wher ei n any nor nal

line intersecting with the lens surface configured fromthe part of the

side surface of the elliptica
points on the first surface is non-parall el

cone anong nor nal

10 li nes of
to a central

respective
axis of the

elliptical cone corresponding to the Péns surface with which the any nor nal

|ine intersects.
| east two of the plurality of

2. The Fresnel

| ens according to claim1, 15wherein at
| ens surfaces are configured fromparts of

side surfaces of elliptical cones having the different central axes
respectively, jan Linlas a lens surface anong the at |east two
of the pluralifty-éftens—settaces is located further outside, an angle
formed by the nopgal |ijnes2P7cand| the central axis of the elliptical cone
corresponding to the Tens surface becones larger. 3. The Fresnel |ens
according to cla¥h 1 or 26.54 wherein a lens surface | ocated on a
center anong thegpl urallity pfo I ens 25 surfaces is configured froma part of
an aspheric surface w tjh continupusly 36 changing curvature, and

wherein any noarm@ |line i ®#°secting with the I'ens surface that is |ocated

on the center and is configured fromthe part of the aspheric surface anong

the normal lines of the respective points on the first surface is 5

fo tho | dng el Aige SHbRaen s inate Shold Rt RO A E i 85 R R T T e
0L e shaynay et il RS AR ol AL iy
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convex to Ld
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%1si e opposite to the second S%i
photoelectric conversion element arrange

f ace.

so as to correspond to the

focal point F of the Fresnel lens 1 (here, 0.6%0.6 mm or less). When compa-

ring Fig. 7 with Fig. 9, it is understood that the aberration of the Fresnel lens

1 of the present embodiment is equivalent to that of the Fresnel lens 1 of

10

Embodiment 2.

[0077] Although the present invention has been described with reference to

certain preferred embodiments, numerous modifications and variations can

be made by those skilled in the art without departing from the true spirit

and scope of this invention, namely claims.

15
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CLAIMS

1. A Fresnel lens comprising:

a first surface; and

a second surface being the reverse side surface of the first surface,
the second surface having a plurality of lens surfaces,

wherein at least one of the plurality of lens surfaces is configured
from a part of a side surface of an elliptical cone, and

wherein any normal line intersecting with the lens surface config-
ured from the part of the side surface of the elliptical cone among normal
lines of respective points on the first surface is non-parallel to a central axis
of the elliptical cone corresponding to the lens surface with which the any

normal line intersects.

2. The Fresnel lens according to claim 1,

wherein at least two of the plurality of lens surfaces are configured
from parts of side surfaces of elliptical cones having the different central
axes respectively, and

wherein as a lens surface among the at least two of the plurality of
lens surfaces is located further outside, an angle formed by the normal line
and the central axis of the elliptical cone corresponding to the lens surface

becomes larger.

3. The Fresnel lens according to claim 1 or 2,
wherein a lens surface located on a center among the plurality of lens

surfaces is configured from a part of an aspheric surface with continuously



10

15

36

changing curvature, and

wherein any normal line intersecting with the lens surface that is
located on the center and is configured from the part of the aspheric surface
among the normal lines of the respective points on the first surface is
non-parallel to an axis of symmetry of the aspheric surface corresponding to
the lens surface located on the center with which the any normal line

intersects.

4. The Fresnel lens according to claim 3,

wherein the aspheric surface is a hyperboloid.

5. The Fresnel lens according to any one of claims 1 to 3,
wherein a lens material is polyethylene, and the first surface is a

curved surface that is convex toward a side opposite to the second surface.



