DESCRI PTI ON COLLECTI NG LENS AND MULTI - SEGVENT LENS TECHNI CAL FI ELD

[ 0001] The present invention relates to a collecting lens and a

mul ti-segnent | ens. BACKGROUND ART [ 0002] Conventionally, as shown in Fig.
15, a collecting lens 101 is known which has a flat surface 110 as a first
surface and a hyperbol oid surface 120 as a second surface, and in which the
rotational axis C of the hyperboléﬁﬁggﬂﬁﬁgﬁg 120 is inclined so as to form
an angle O with the nornmal Iine H of the flat surface 110 (Japanese

Exami ned Patent ApplGQECPING DLENStAND MOLTH7SEBEMENT eBNSed Pat ent

Docunent 1). In a collecting I ens 101 of the configuration showm in Fig.

15, light rays incident at a certain angle 8 to the rotational axis C
beconme parallel to the rotational axis C of the hyperbol oid surface 120

within the collecting | ens 101, Tg@@NTCAL FIELD

[0001] The present invention relates to a collecting lens

and a multi-segment lens.

BACKGROUND ART

[0002] Conventionally, as shown in Fig. 15, a collecting
lens 101 is known which has a flat surface 110 as a first
surface and a hyperboloid surface 120 as a second surface, and
in which the rotational axis C of the hyperboloid surface 120
is inclined so as to form an angle 06 with the normal line H of
the flat surface 110 (Japanese Examined Patent Application
Publication No. H7-36041l; called Patent Document 1). 1In a
collecting lens 101 of the configuration shown in Fig. 15,
light rays incident at a certain angle 0 to the rotational
axis C become parallel to the rotational axis C of the
hyperboloid surface 120 within the collecting lens 101, and
are focused aplanatically on a focal point F. The angle 8 is
an angle satisfying Snell’s law, or in other words, sin (0 +
0) = nsinb given n as the refractive index of the collecting
lens 101. Thus, with the collecting lens 101 shown in Fig. 15,

it is possible to suppress the occurrence of off-axis



are focused aplanatically on a focal point F. The angle 6 is an angle
satisfying Snell's law, or in other words, sin (0O + 8 = nsine given n as
the refractive index of the collecting lens 101. Thus, with the collecting
|l ens 101 shown in Fig. 15, it is possible to suppress the occurrence of
off-axis aberrations and collect light rays efficiently fromdirections
obl i que akextatimrswind iceliewt light |mayswefhceianoly f09030Thectbbhecting
| ens 101 disclosed in Patent Docunent 1 is designed for infrared |ight

rays, argbBajwnttdahsmardrrdaldi SioleoIesofisting fld ty eduwyfaese B501 he | ens
material . [0004] Patent Docunent 1 al so describes a nmulti-segnment lens with

an arraycfory pl urald tap 10fe SOldLCldiY 1ENSESS A dsdBVIN P R d € Do P@hEhLT N
t he sane position. [0005] As shown in Figs. 16A and 16B, noreover, Patent

Do t; L al . ' |4 I , d
T L G e et A S S R L P A

maki ng t
123 of tdhe cond surface.intersect the flat. surface 110 (the first

surface) 5 qs"‘%(fl?gl ysllﬁlgorp(?e-'“ryett Y15 4% e SRR Y of f-axi s

aberrations. In this case, hyperboloid surfaces 121, 122 and 123 constitute
t he |en40§&ﬁﬂace_Patent Document 1 also describes a multi-segment

lens with an array of a plurality of collecting lenses all
having a focal point in the same position.

[0005] As shown in Figs. 16A and 16B, moreover, Patent
Document 1 also proposes making collecting lens 101 a Fresnel
lens, and making the common rotational axis C of hyperboloid
surfaces 121, 122 and 123 of the second surface intersect the
flat surface 110 (the first surface) obliquely in order to
suppress the occurrence of off-axis aberrations. In this case,
hyperboloid surfaces 121, 122 and 123 constitute the lens
surface.

[0006] In the collecting lens 101 of Figs. 16A and 16B,
Patent Document 1 describes the possibility of providing an
angle between the normal line H of the flat surface 110 and
parallel light rays that are focused aplanatically on a focal
point, depending on the angle formed by the flat surface 110
and the common rotational axis C of hyperboloid surfaces 121,
122 and 123. It is thus possible to suppress the occurrence
of off-axis aberrations and collect light rays efficiently
from directions oblique to the normal line H of the flat plane

110 in the collecting lens 101 of Figs. 16A and 16B.



[0006] In the collecting | ens 101 of Figs. 16A and 16B, Patent Docunent 1
descri bes the possibility of providing an angle between the normal |ine H
of the flat surface 110 and parallel light rays that are focused

apl anatically on a focal point, depending on the angle forned by the flat
surface 110 and the common rotational _axis C of hyperbol oid surfaces 121,
122 and [998711t | MopRQYeFos SiNpR&EHCOTs 5Pt £€5; h& ST PHOPOTES S digR%xi s
aberrations and collect light rays efficiently fromdirections oblique to

t he nor thle fogelHdepthheahl de jhaweastd@ overhdhadl lodc@mn@Xicen IEnsf Figs.
16A and 16B. [0007] Moreover, an axicon | ens has been proposed whereby the
focal depth easihglenepaased eweifackatl(Jalane sax UnexamdmedMPdtemtsi ngl e

coni cal surface (Japanese Unexam ned Patent Application Publication No.

2009- 0838E&aca@hbﬁdpaetl%tat@%um%_nt 2909 -b@008sAS cshawa ipatkigs. 17A 17B
and 17C, Patent Docunment 2 describes preparing three | ens nenbers 221a,

221b ang 22ls %AE? different conical surfaces as |ens surfaces having
different angles"rélative to a optical axis OX, and arranging the three

| ens ne 221a, 221b and_221c in e Li,ght axi.al. dir i,0 shawn in
Fig. 17gpﬁé§ghereﬁ§ oBPYn 18 Fggfegy OCéV%ng?hl?ﬁanbﬁﬁt ta%é%%%ﬁﬁllens
havi ng a single conical surface. Although the thr | e nbers 22la, 221b
and 221¢ SPECEEBERLPERPEELBEt APRC&N LERPCBRMPERS ﬁ?@ﬁggﬁﬁﬁé%rﬁ%ﬁ
surfaces in Patent Docunent 2, an axicon |lens has al so been proposed in

whi ch | ehthsdifferent3cpyigahssirireaswath LenspFiaéacesy #aViPde curve) as
shown in Fig. 17E. The focal depth can also be increased over that of an
axi con @&fifehant ngnalesngedtatdvmecab auppideailnaxisa@Xcornnide agradgyssing ut ed
as shown in Fig. 17E. [0009] Moreover, an optical sensing device has been

pr oposethe ptiavésetens t Hel@batkt R23agnenibl and 2ackudnngha Alighal et a0f

| enses with roughly the sanme focal position assenbled on a single flat

surfacegitogeiheram o iRfragedispnsbngnekresynbothah &S gieater

|l ight-receiving el ement disposed at the aforenentioned focal position (see

for exaﬂgﬁéﬁf%ﬂﬂﬁﬂgsﬁhan with an axicon lens having a single conical
surface. Although the three lens members 22la, 221b and 22lc
are assembled to obtain an axicon lens having three conical
surfaces in Patent Document 2, an axicon lens has also been
proposed in which lens surface 213 is constituted with a
spline curve (free curve) as shown in Fig. 17E. The focal
depth can also be increased over that of an axicon lens having
a single conical surface in an axicon lens constituted as
shown in Fig. 1l7E.
[0009] Moreover, an optical sensing device has been
proposed, provided with a multi-segment lens including a
plurality of lenses with roughly the same focal position
assembled on a single flat surface, together with an infrared

sensing element that is a light-receiving element disposed at

the aforementioned focal position (see for example Japanese



Pat ent Publication No. 3090336 (called Patent Docunent 3) and Japanese

Pat ent Publication No. 3090337 (called Patent Docunent 4)). [0010]In the
mul ti-segnent |enses disclosed in Patent Docunents 3 and 4, the first
surface is a flat surface and the second surface is a hyperbol oid surface
having a main axis that intersects the normal line of the first surface
obl i quelRatevir dmbdricathieomiNa i -3t (asislesl dadeinds b dumerst ehl and
Docunents 3 and 4 are designed for use with infrared |ight rays, and

pol yet hylsgimese Hateinds ethbas ddte dremo Moozl (Mald@mePatRaitent Docunent s
3 and 4 describe preparing the multi-segnment | enses by injection nolding.
[0011] | BJmen@® l280ti ng I ens 101 of Fig. 15 disclosed in Patent Document 1
the rotational axis C of the hyperbol oid surface 120 intersects the nornal

ine H Qlochldq [ s il 10 Qe en A0 RN 4 idags 120 18 not

rotationally 'symmetrical relativ he normal 11 ne H

110. This makes the callecting J.ens 101 and t.he d.for the collecting

| ens 103.)06’|uf“f3iniﬁl B 8% AepdtE rrsgzt Wé@remlﬁg aungjllr?& ¥ aHeE oarn‘fhtéh?i ke.

[0012]1In the collecting Iens 101 of Fig. 16A and 16B, noreover, the

rot at i of§CORL §UCLare RE Ry hpamsaIGile SUFEES e RRVITSD Sy Mg it £Xdfhi ch

constitute the output surface, is at an oblique angle to the nornmal line H

of the that daoteasects0 thshingrnal thime plttherfiest svrfpeenppddsiediva

surfaces 121, 122 and 123 are not rotationally symetrical relative to the
Moreover, the multi-segment lenses disclosed in Patent

Documents 3 and 4 are designed for use with infrared light
rays, and polyethylene is disclosed as the lens material.
Moreover, Patent Documents 3 and 4 describe preparing the
multi-segment lenses by injection molding.

[0011] In the collecting lens 101 of Fig. 15 disclosed in
Patent Document 1, the rotational axis C of the hyperboloid
surface 120 intersects the normal line H of the flat surface
110 obliguely, so hyperboloid surface 120 is not rotationally
symmetrical relative to the normal line H of the flat surface
110. This makes the collecting lens 101 and the mold for the
collecting lens 101 difficult to prepare by rotary forming
using a lathe or the like.

[0012] In the collecting lens 101 of Fig. 16A and 16B,
moreover, the rotational axis C of the hyperboloid surfaces
121, 122 and 123, which constitute the output surface, is at
an oblique angle to the normal line H of the flat surface 110,
which is the input surface, so the hyperboloid surfaces 121,

122 and 123 are not rotationally symmetrical relative to the



normal line Hof the flat surface 110. This al so makes the collecting | ens
101 and the nold for the collecting lens 101 difficult to prepare by rotary
formng using a lathe or the like. [0013] Therefore, when preparing the
collecting I enses 101 and nol ds for the collecting | enses 101 of Fig. 15
and Figs. 16A and 168 above, the erboI%H$ sur acesl;zo 21 22 and 123
or curv@QTEGs ddae Pﬁégﬁﬁhéﬁﬁ§ LHRE€e per BOHS &#8& > 121,

122 and 123 nust be forned using a fabricating machine with nultlaX|aI

cont r ol coByeptiingi Agnsnilp it kadc die Mg lédderofthe svdrlectimd dfiDot0U30 with
a nose radius (also called a corner radius) of a few mcrons into point
cont act dwifffhcalworth preparéd®yanc tautyt iflegmingniusing wedy theneopitioh as
shown in Fig. 18. The work piece 140 is a base material for formng the

col | ect iRgel.ens 101 directly, or a base material for form ng the nold.
Consequently, the working time for preparing the collecting Iens 101 or the

mol d fofpgekhect &ﬂeké@%r%01vah%np&)9|e9&9§%g Ither @331k iy cQsis ide

coIIectlng | éns 101. 14]'Moreover, in the aforementioned multi-segnent

| enses th rf ge | .e petbal:ai d qsur

|nterse% ?néggﬁe ﬁggna Ifﬁglo%%pﬁg P%ngss&r¥agg gﬁ%:qu§ fﬁﬁfgﬁL S not
rotatio I y tr cal at Lye t he .nar lin f f|r Su face,
nmeki ng ?ﬁé a ggg PPPRE - m?l}lF ﬁgﬁ ofgn§u g&]‘aﬁ cuﬁtz(at otl%ﬁe’parzzi By érot ary
formng using a |lathe or the Ilke [0015] I n addition, the axicon |ens

di scl 0st@3i AT PAEENEADEEERBRES2 CORRREPORGLNY tPghP eS8y LYPSEPIRLS r om a
direction oblique to the direction of |ens thickness on a focal point. That
isto séyrf@ﬂesak2@on12émslaﬁséhdséé3lWupét@ﬁtf9§@@ﬁeﬁﬁlﬂghés a different
pur pose fromone such as the collecting | ens 101 di scl osed in Patent
Docunmenfairiefatthgf machésel wghh majsibmdpdegbnitrodn &ygbeingie dikwst
surface (flat surface 110) on a focal point F, or in other words fromthe
col | ectitng tebsid§ledays vhi ehshhepopuiteahgaxosli nBer srths a mosd rection of

| ens thickness obliquely (at an angle). DI SCLOSURE OF THE | NVENTI ON

[0016] | tadSudn(QPE6CEaRicling BheREPt rhAYARBY I OF, aWReGhmi@Sons into
point contact with a work piece 140 and cutting it with a very
fine pitch as shown in Fig. 18. The work piece 140 is a base
material for forming the collecting lens 101 directly, or a
base material for forming the mold. Consequently, the working
time for preparing the collecting lens 101 or the mold for
collecting lens 101 is prolonged, increasing the cost of the
collecting lens 101.
[0014] Moreover, in the aforementioned multi-segment lenses
the second surface of each lens is a hyperboloid surface
intersecting the normal line of the first surface obliquely,
and is not rotationally symmetrical relative to the normal
line of the first surface, making the molds for the multi-

segment lens difficult to prepare by rotary forming using a

lathe or the like.



devel oped in light of the reasons di scussed above, to provide a collecting
| ens and nulti-segnent | ens whereby the occurrence of off-axis aberrations
can be suppressed when using incident light falling obliquely on a first
surface fromthe outside, and whereby costs can be reduced. [0017] The
collecting lens of the present invention includes a first surface and a
second dX0ldcle. THen faddittisur f dde iaxidefl nehsaddiselosssbiire Ragdnte of the
collecting lens fromthe second surface. The second surface has a | ens

sur f ace podindraN® WHdmae dsvldideisgrt Mayalingt dehtd @rond unaditgcisivh aces.
Each of the lens function surfaces is defined as part of a side surface of

correspifliingheOe heeldifidG@in Gineend AKIEYAOMY Mcdl Poddt. |
arbitrarily selected fromnormal |ines at respective points on the first
surface e .particul ar r . lin r.o fi 1 Hﬂﬁ*l
surfaceg.thI{héL%pé:rot %t:é I'arﬁ%o%éqnl ﬁgﬁss%%%%l%%r%&oll& ri,tﬂac}!egﬂieﬁrlt ra érgézizs of

the elliptical,.cone cqrrespondi to the |l ens function . surface ossed by
t he par :hiac,sulaardlﬁ%n 0 iprlﬂgl.%oﬁ‘?er%g:é’m RS P& G ¢ éioﬁﬁﬁcftcjé}g ccfl(r)‘?'}é% are
not parallel to _each other.. [0018]In this collecting lens, it is desirable
that anl&dgddscdosed B PR eddnDoguments Landhdfd F&USER i HYr iedYF i ne be
greater in the elliptical cone corresponding to the | ens function surface

| ocat ed ihgideat eft sindengflet ke ddle ddirisig suarace dFlgitTiiurfasng ekk@hg | ens
is preferably defined as a Fresnel lens having a plurality of the |ens
surfacesn a[ @026JLThointolFl,eotd rg locherpmweirdsalfirprhddea qullireadtiiing dfens

101, in which the optical axis intersects the direction of

lens thickness obliquely (at an angle).

DISCLOSURE OF THE INVENTION

[0016] It is an object of the present invention, which was
developed in light of the reasons discussed above, to provide
a collecting lens and multi-segment lens whereby the
occurrence of off-axis aberrations can be suppressed when
using incident light falling obliquely on a first surface from
the outside, and whereby costs can be reduced.

[0017] The collecting lens of the present invention
includes a first surface and a second surface. The first
surface is defined as an opposite surface of the collecting
lens from the second surface. The second surface has a lens
surface. The lens surface includes a plurality of lens
function surfaces. Each of the lens function surfaces is
defined as part of a side surface of corresponding one of

elliptical cones. A particular normal line is arbitrarily



the Il ens surfaces, and a central |lens surface |ocated inward fromthe
plurality of the lens surfaces. The central |lens surface is defined as part
of an aspheric surface of which curvature changes continuously. A specific
normal line is selected arbitrarily fromthe normal lines at the respective

poi nts on _t he flrst surfac The specific narnal ne cross central
| ens su %t diNGs iﬁﬁ%&?%ﬁﬁ#%éﬁ’r$ﬁ éﬁ {;H%Fna

line is not paraIIeI to an axis of synnetry of the aspherlc surface.

[ 0021] | surfiasecol Thet iDag tisnd an Rersghdrding SHoBEES 09 radt el Jenrs
hyper bol oi d surface. [0022]In this collecting lens, the collecting lens is
pr ef er aflupctdda cfurgalcgst.hy ITére paartd cduierf imo&‘maéurlﬁame iiss nrtefraadl e h
curved surface that is convex in the opposite direction fromthe second

sur f acetof @023hthe 1makiils SEyRR d18APtalcaineopiesditirdsparidin ¢S the
mul ti-segnent lens including a plurality of |enses assenbled on a single

surf ace) JWReFghR 436N s%fta%% 'c%%%%dl vt hecalarenetiaened aell ectidg | ens.
BRI EF DESCRI PTI ON OF THE

The central axes of the elliptical cones are not parallel to
each other..

[0018] In this collecting lens, it is desirable that an
angle formed by the central axis and the particular normal
line be greater in the elliptical cone corresponding to the
lens function surface located further outside of the
collecting lens.

[0019] This collecting lens is preferably defined as a
Fresnel lens having a plurality of the lens surfaces.

[0020] This collecting lens preferably has a plurality of
the lens surfaces, and a central lens surface located inward
from the plurality of the lens surfaces. The central lens
surface is defined as part of an aspheric surface of which
curvature changes continuously. A specific normal line is
selected arbitrarily from the normal lines at the respective
points on the first surface. The specific normal line crosses
the central lens surface corresponding to the aspheric surface.
The specific normal line is not parallel to an axis of
symmetry of the aspheric surface.

[0021] In this collecting lens, the aspheric surface is

preferably a hyperboloid surface.



[ 0024] Fi g.
col l ecting
col | ecting

1 is an explanatory drawi ng showi ng the geonetric shape of the
| ens of Enbodi nent 1. Fig. 2 is a cross-section of the
| ens of Enbodi ment 1. Fig. 3 is an explanatory draw ng

showi ng the advancing paths of the light rays incident on the collecting
| ens of Enbodi nent 1I. Fig. 4Ais a rough cross-section illustrating
an appl i€ 2Xanpl dofthite galldctiggheimnd eriheofcHiinsdiifntlens ab®l Fig. 4B

is a rough

bottom view of the essential parts of an applied exanple of the

mul ti - segrefdrdians nefdeErdfodiolBrdthidzlene, drnidy.the ifSirt exptfaad aty dr awi ng
showi ng the geonetric shape of the collecting |ens of Enbodinment 3.
Fig. 6 igreat@AlyaRAl QI <H aWrth RN aMA10 i@ dreetin GrEapsditde
collecting | ens of Enbodi nent 4. Fig. 7 is a cross-section of the

col | ect id’l%éal Sofe AP g lecdha surfadd - 8 is an explanatory draw ng

show ng t

advancing paths of the light rays incident on the collecting

lens Of[%%&%qlnen%ﬁg multi-segment lens of the present invention is a

multi-segment lens including a plurality of lenses assembled

on a single surface, wherein each of the lenses is the

aforementioned collecting lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Fig. 1 is an explanatory drawing showing the

geometric shape of the collecting lens of Embodiment 1.

Fig. 2 is a cross-section of the collecting lens of

Embodiment 1.

Fig. 3 is an explanatory drawing showing the advancing

paths of the light rays incident on the collecting lens of

Embodiment 1.

Fig. 4A is a rough cross-section illustrating an applied

example of the multi-segment lens of Embodiment 2, and Fig. 4B

is a rough bottom view of the essential parts of an applied

example of the multi-segment lens of Embodiment 2.

Fig. 5 is an explanatory drawing showing the geometric

shape of the collecting lens of Embodiment 3.

Fig. 6 is an explanatory drawing showing the geometric

shape of the collecting lens of Embodiment 4.



Fig. 9 is an explanatory drawi ng show ng a net hod of manufacturing the
collecting | ens of Enbodi nent 4. Fig. 10A is a rough cross-section
illustrating an applied exanple of the multi-segnment | ens of Enbodinment 5,
and Fig. 10B is a rough bottomview of the essential parts of an applied
exanple of the nmulti-segnment | ens of Enbodinent 5. . Fig. 11 is an
expl anat ory di@ni Mg 16hGwicHe SEhé egadmdt Pifc tRaFe ldeTHE L MG t9%hg 1 ens of
Enbodi nent 6. Fig. 12 is an explanatory drawi ng showi ng a net hod of
manuf acEmbiodigmend dal | ecting | ens of Enbodi nent 6. Fig. 13 is an
explanatory drawing illustrating the principles of a conventional
aberration-f rag.l 8nds an expHiagatbdy slrawiegplshoatiomgy tireavddigarsdiovg ng t he
geonetric shape of the collecting | ens of Enbodi nment 7. Fig. 15 is a

Cr 0ss- s@akin@n ogf taeCalilggt iags! angiaknt GANtER! icONdlecd@d®Pldns of Fi 0.

16A is a plane view of a Fresnel lens of a conventional exanple, and Fig.
16B is HoASResgcyl on of a Fresnel lens of a conventional exanple.

Fi gs. 1$K throSgh %7E are outline drawi ngs for explaining an axicon |ens.

Fig. 9 is an explanatory drawing showing a method of
manufacturing the collecting lens of Embodiment 4.

Fig. 10A is a rough cross-section illustrating an applied
example of the multi-segment lens of Embodiment 5, and Fig.
10B is a rough bottom view of the essential parts of an
applied example of the multi-segment lens of Embodiment 5.

Fig. 11 is an explanatory drawing showing the geometric
shape of the collecting lens of Embodiment 6.

Fig. 12 is an explanatory drawing showing a method of
manufacturing the collecting lens of Embodiment 6.

Fig. 13 is an explanatory drawing illustrating the
principles of a conventional aberration-free lens.

Fig. 14 is an explanatory drawing showing the geometric
shape of the collecting lens of Embodiment 7.

Fig. 15 is a cross-section of a collecting lens of a
conventional example.

Fig. 16A is a plane view of a Fresnel lens of a
conventional example, and Fig. 16B is a cross-section of a
Fresnel lens of a conventional example.

Figs. 17A through 17E are outline drawings for explaining

an axicon lens.



Fig. 18 is an explanatory drawi ng of a nethod of manufacturing a Fresnel
| ens of a conventional exanple. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
[ 0025] (Enmbodi nent 1) The collecting lens 1 of the present enbodi nent
is explained belowwth reference to Figs. 1 to 3. [0026] The col |l ecting
|l ens 1 of the present enbodi nent has a lens surface 21 that is forned of a
second surfa@e 20 1@n itsheano xpsiana toirge dreomng fafr st mahtfatefl0. I n the
collecting lens 1, the optical axis (not shown) intersects the direction of
| ens t hiynese tiMand calFrdisn@at i1hd BiFiad cohverliionial exdaiplan. angl e) .
[0027] Lens surface 21 is made up of a plurality of lens function surfaces
(inclined surfaces) 23. This lens surface 21 is divided into |l ens function
surfaces 23 bounded by virtual faces VP, which cross the direction of |ens
t hi ckness, and form.ng., di ang i Vi Eb-Lla ces VP. Froma
di fferent perspectivdj ;*66 A Q%&J }51_}“@1_&45 —.I°@be 20 side of
the collecting lens 1 has a structure such as woul d be obtai ned by stacking
| ayers 28923dd 253 EFROGIMREL didde of one virtual face VP in the direction
of lens thickness, elimnating the boundary between | ayers 252 and 252,
st acki ng | ay&he ZsélﬁﬁG12531Gﬁseﬁtﬁ§rt@ﬁdér@ﬁeéﬁoﬁﬁ@Pd&W%QEﬂl%ace VP, and
elimnating the boundary between | ayers 252 and 253. Each

explained below with reference to Figs. 1 to 3.

[0026] The collecting lens 1 of the present embodiment has
a lens surface 21 that is formed of a second surface 20 on the
opposite side from a first surface 10. In the collecting lens
1, the optical axis (not shown) intersects the direction of
lens thickness (vertical direction in Fig. 1) obliquely (at an
angle).

[0027] Lens surface 21 is made up of a plurality of lens
function surfaces (inclined surfaces) 23. This lens surface
21 is divided into lens function surfaces 23 bounded by
virtual faces VP, which cross the direction of lens thickness,
and forming different angles with the virtual faces VP. From
a different perspective, as shown in Fig. 2, the second
surface 20 side of the collecting lens 1 has a structure such
as would be obtained by stacking layers 25; and 25, on either
side of one virtual face VP in the direction of lens thickness,
eliminating the boundary between layers 25; and 25;, stacking
layers 25, and 25; on either side of another virtual face VP,

and eliminating the boundary between layers 25, and 253. Each

10



virtual face VP here is defined as crossing the direction of |ens

t hi ckness. [0028]In the collecting lens 1, each lens function surface 23
is formed of part of the side surface of an elliptical cone 30, and out of
the normal lines at the respective points on the first surface 10, a
particular normal |line crossing the lens function surface 23 fornmed of part
of the wild¢uslr face WP hhreelibi geféapdcafecBospindotthgafdmeatidns &bl i que)
to the central axis of the elliptical cone 30 corresponding to the |ens
functi omeawr tAcekAdserossed by that particular normal line, and the nutual
central axes of the elliptical cones are not parallel (are oblique). The
apex of [@@QBIJG| |i phi 6L 68N€e30ih6r ¢ehs hocahed oankh€umesand surfmes: 20
side of the ens, while the base (not shown) is |located on the first
surface,10,gi dg, MY 82VBhxt! Pgr ERAt giliaeaéhéfgeet oghawnk1afi pracheldd Rt i cal

cone 307 Intersects a particu normal |1 ne at each point on the first

f 0 obli I th i ti i .pai . first
surrace3lo ARG PHE B5i OSuRePEarhbtikp: Reu PR ResRErtiPe, oatits o 11
crosses the |lens function surface 23 is specified._as the direction of |ens
t hi cknekBej RLFAk EBFF@E?iﬁB'I@nEaEFlFH%aHiP85?Pgnlépgn§rpﬁ§ﬁ%%fq | ar

normal line at each point on the first surface 10 is the direction of_|ens
t hi cknedensffunetionssusfineacad31forged pfapastir PhcEhepeddss SWHES sk
surface 10 is a flat surface in the collecting lens 1 of the present

embodi neng, et héptioat atonxi 80oisench phrapiptaligsorbliguent &osddyes t he
direction of lens thickness obliquely. Thus, in the collecting lens 1, each
| ens f usehtoal saxfacer 26héseidipeiical panté 80 therssgendiimgade dfhean
elliptical cone 30 of which apex is |located on the second surface 20 side
of the {gns AuRedioh Wp-£hcbase (PeEseAoBR) that! pasteduanrt hermaist surface
10 side of the collecting lens 1, and the central axis of which intersects

the di rfﬁ}é%&& éﬁ@%ﬁmg}g@%ﬁtp@iiggggyofThﬁeate@nggeaeaqn%n\sgw face

VP is a plane containing t Ine of intersection between two elliptical
cones 30 corre

S [ o s f t] SUET ihersige of
t hat vi?ﬁ:aﬁ’a p?%gé;ﬂl\/ggr% Oﬁéﬁ%ggbveﬁgaéggﬁgpg ?greﬁe%il%ggg:ﬁgageﬁt@f? axi s
and the particular.nornal line is greater ip_an i pt.ical e .30
corresp%‘ﬁd?‘?‘i‘bﬁjos A PEned PRt Fom §%??% es’éﬁg?‘@%a?éds dFt R&r %g‘{‘}t &PEE of the
collecting lens 1. [0030]In Fig. 3, the advancing Eaths gf t he Iig@%brays
are showiile tHhe iPrRseof neft | $en hnts at PeRkei 9BntRReTAFAL SUTIASE: as

the input surface and the second surface 20 as the output surface. In the
col | ectsintp | etprieafern hetlpe ecemtrahbawi sehpot a8heWBWNOEneRC. 3, |ight rays
incident on the first surface 10 froma direction that intersects the

nor mal dlilneptofcdlhecdra s10 sinfeceedBs od phetiotilact hagmhdndineoliti gaally (a
direction that intersects the direction of |ens thickness of the collecting

| ens 1 hildtusl wWhere £ o€ usess &ce a1 osvligeedy . F Yheh ahet dereeddmoh surface
20 side of the collecting lens 1. Light rays incident on the first surface
connecting a point on the first surface 10 and the point where
the particular normal line at that point crosses the lens
function surface 23 is specified as the direction of lens
thickness in the collecting lens 1, the direction along the
particular normal line at each point on the first surface 10
is the direction of lens thickness if the first surface 10 is
a flat surface. Because the first surface 10 is a flat

surface in the collecting lens 1 of the present embodiment,

the central axis of each elliptical cone 30 intersects the
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10 at an incidence angle al are refracted at the first surface 10, and a
refractive angle a2 can be determned by Snell's law. That is, given nl as
the refractive index of the nediumcontacted by the first surface 10 and n2
as the refractive index of the lens material, this becones: [0031][Math. 1]
sina 2 nl sin al n2 [0032]according to Snell's law. Thus, in one exanple of
t he col ldtddtgdrens lleofs tihe gknesantokdniepiiyent Thgisvenimithe 1 i f t he nmedi um
is air and n2 = 1.53 if the lens material is polyethylene, then if al = 45,
a2 = 27.d&p11dbtibgy addseat,i Rtidrenenk Hurndia dy essiHa izl tentormad abt el

i ght that has been refracted at refractive angle a2 at the first surface

10 can li%gfto%lfsetqlleo%if CalyRAJY Jr B CORfiIAUHNG KARD dENse Fiedh on

surface frompart of the side surface of an elliptical cone 30. This
poi nt has heen confirmed by.sinul ation usin -1 1 aGi algorithm
[ 0033] | B *Eol °€&tieﬁ3 °Inery’f 1 55 %e Spredsn azé)rnb@édilerr;bﬁft ?gbeec%%sé ?he first

surface 10 is a_flat _surface, each virtual face VP isneqaé_l at, pl ane garal | el
to the PRdsCLsyhisle bAge ARG FEWEA g QLSS AhdRS 1HiHTLaTUT?eS 30

intersect normal |ines at each point on the first surface 10 obliquely. In
a crossl9estidgnalf $hepeoddrciiliondedse lvi Andalthet canfial igelex@%ending in
the direction of |ens thickness (here, a cross-

which intersects the direction of lens thickness obliquely.

The aforementioned virtual face VP is a plane containing the

line of intersection between two elliptical cones 30
corresponding to two lens function surfaces 23 on either side
of that virtual plane VP.

[0029] Moreover, an angle formed by the central axis and
the particular normal line is greater in an elliptical cone 30
corresponding to a lens function surface 23 located further
outside of the collecting lens 1.

[0030] In Fig. 3, the advancing paths of the light rays are
shown with fine solid lines and arrows given the first surface
10 as the input surface and the second surface 20 as the
output surface. In the collecting lens 1 of the present
embodiment, as shown in Fig. 3, light rays incident on the
first surface 10 from a direction that intersects the normal
line of the first surface 10 of the collecting lens 1
obliquely (a direction that intersects the direction of lens
thickness of the collecting lens 1 obliquely) are focused on a
focal point F (F0) on the second surface 20 side of the

collecting lens 1. Light rays incident on the first surface

12



sectional shape containing a normal |line H of the first surface 10), the
angle fornmed by a lens function surface 23 and a plane parallel to the
first surface 10 is an obtuse angle. [0034] To resol ve the issues of
controlling off-axis aberrations and reducing costs, the inventors
considered that in a basic structure in which a second surface 20 is
conposedoofritpant $nofidanpkeurnaliley cof ahgpreebobotddsakf bes fiaath shi@ifimgeone
sheet of a hyperboloid of two sheets) the main axes of which intersect the
nor mal | i,ne _of fir I agg;} | i quel %@éﬁn SpOf plkuraljty
of hype%gdlggg gu%?ﬁﬁﬁgﬁgéﬂ éﬂzgg?ég#hé%%&i y stf@%%h?9lﬁﬁggli% é%w'
cross-sectional shape containing one virtual strai h% | ine_extending in the
directi3Ha5flFenglVﬁPthe%§.tT%O@%ﬁ?%CE?Hﬁpé?%%Fo?g BFf 9E81UR col | ection
of tangent lines at each point on a cross-section bisecting the rotational
axi s of cohiechggebBotbpdfsuptasurancei 4Rt adfghesafstRecrpétrati¥éne. Thus,
in a collecting lens in which the shape of each I ens function surface on

t he out pntiegsuofatkei 3enst mttenably shiasebeicoakesaround a normal |ine of the
i nput surface as a rotational axis, each lens function surface can be
approxi pabedias pamhthf the side surface of a cone. [0036]In an orthogonal
coordi nate systemwith the center of an arbitrary flat plane as an origin
and the x.axis and the y axis defined as crossing each other at right
angles oflBKts arBltrary flat plane, while the z axis is perpendicular to
the arbitrary ftat plane, the equation of the cone is represented by the
fol | owi n§l onicdl, formwith (x, y, z) being the coordinates of arbitrary
points on the cone, and b and ¢ being the coefficients.

[0032] according to Snell’s law. Thus, in one example of
the collecting lens 1 of the present embodiment, given n; = 1
if the medium is air and n, = 1.53 if the lens material is
polyethylene, then if o; = 45°, o, = 27.5°. In the collecting
lens 1 of the present embodiment, parallel light that has been
refracted at refractive angle o, at the first surface 10 can
be focused on focal point F by configuring each lens function
surface 23 from part of the side surface of an elliptical cone
30. This point has been confirmed by simulation using a ray-
tracing algorithm.

[0033] In the collecting lens 1 of the present embodiment,
because the first surface 10 is a flat surface, each virtual
face VP is a flat plane parallel to the first surface 10, and
the central axes of the elliptical cones 30 intersect normal
lines at each point on the first surface 10 obliquely. 1In a

cross-sectional shape containing one virtual straight line

extending in the direction of lens thickness (here, a cross-

13



[0037] [ Math. 21 C2=1{) (b,C0) b2 [0038]1n a cone represented by this
canonical form the line of intersection with a plane parallel to the xy
flat plane is a circle. [0039] Thus, in a frustumof a cone obtai ned by
cutting this cone on two planes parallel to the xy flat plane, it is not
possi ble to approxi mate the aforenmenti oned part of the hyperbol oid surface
in the candicgall Shapet won tdiiscuss ed nmhmed. iGMM Fdt uiengfianst he fact that
in the basic structure described above the Iine of intersection between a

hyper bolQj: ¢3¢ 1a0e amed anidial fJrafeRl vyt &f S Mhridie dRidudrdse 03 t he
hyper bol oi d surface obliquely is an ellipse, the inventors conceived of

constit Ul 3GRCHATAL RIUAY ihe ¢l ANSIMAC A S fdfShiddd 1 @ | ens

surface as part e Side surface of an i ptical cone 30 of which
apex P is located on the second surface 20 side of the I ens and of which
base (nSngﬁOMM) Is located on the first surface 10 side, and the central

axis of which intersects _the direction of |ens thickness obliqgely.
[0034] To resolve the issues of controlling off-axi

aberrations and reducing costs, the inventors considered that
in a basic structure in which a second surface 20 is composed
of parts of a plurality of hyperboloid surfaces (each being
one sheet of a hyperboloid of two sheets) the main axes of
which intersect the normal line of a first surface 10
obliquely, these parts of the plurality of hyperboloid
surfaces could be approximated by straight lines in a cross-
sectional shape containing one virtual straight line extending
in the direction of lens thickness.

[0035] In a hyperboloid surface, a collection of tangent
lines at each point'on a cross-section bisecting the
rotational axis of that hyperboloid surface at right angles is
a circular cone. Thus, in a collecting lens in which the
shape of each lens function surface on the output surface is
rotationally symmetrical around a normal line of the input
surface as a rotational axis, each lens function surface can
be approximated as part of the side surface of a cone.

[0036] In an orthogonal coordinate system with the center
of an arbitrary flat plane as an origin and the X axis and the
y axis defined as crossing each other at right angles on this

arbitrary f£lat plane, while the z axis is perpendicular to the

14



[ 0041] Each | ens function surface 23 is a continuous surface forned by a
collection (line group) of straight lines 40 (shown as broken lines in Fig.
1), and the single point at which all the straight |lines 40 making up the
line group intersect is the apex P of the aforenentioned elliptical cone
30. Thus, if the layers 251, 252 and 253 are very thin, part of the

hyper boREPdt5aFY af b2t aRlpBeapphhEx PAHAEH OBy Ofaltheofolife 1S FEPLHTIEE D! t he
elliptical cone 30, and in a cross-sectional shape containing one virtual
strai ghbyl the exléoding canvthécdilr Eormowish ((&nsYthizdkRedsg tihies same part
of the hyperbol oid surface can be approximated by a straight line. In Fig.
1, the gpexabnatetherehtbptiraaly ponatsOoaothespondi,ngndo bt lamd endefiurct i on
surface 23 below the | ower of two virtual faces VP is called Po. Mreover,

in Fig tdet86cPPEXiEnpE.the elliptical cone 30 corresponding to the lens
function surface 23 above the lower virtual face VP is called PI. Finally,

in Fig. ape f e elliptical cone 30 corresponding to the |Iens
functioh&%%?face Q%gg bv%wthe upper virtual face VP is called Py. [0042]1n

an orthogonal coordinate systemwi th the center of an arbitrary flat plane
as an origfn+a thqf& axi s and the y, axis defined as bisecting each other
at right-ang#es—on~%h¥s:d}bitigny:$l } pl ane, while the z axis is
perpendiculQ&zto th@f%rbitrary flat plane, the equation of the elliptical
cone is expressed in the follow ng canonical formwth (x, y, z) being the
coordi nates of arbitrary points on the elligtical cone, and a, b and c

bei ng t he03®kf f i cient scongousprraeAted) by this canonical form, the

line of intersection with a plane parallel to the xy flat
plane is a circle.

[0039] Thus, in a frustum of a cone obtained by cutting
this cone on two planes parallel to the xy flat plane, it is
not possible to approximate fhe aforementioned part of the
hyperboloid surface in the canonical structure discussed above.
[0040] Focusing on the fact that in the basic structure
described above the line of intersection between a hyperboloid
surface and a flat plane intersecting the main axis of the
hyperboloid surface obliquely is an ellipse, the inventors
conceived of constituting each of the plurality of lens
function surfaces 23 in a lens surface 21 as part of the side
surface of an elliptical cone 30 of which apex P is located on
the second surface 20 side of the lens and of which base (not
shown) is located on the first surface 10 side, and the

central axis of which intersects the direction of lens

thickness obliquely.
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y2 Z2 - a2 h2 e2 (e7 b and a,b,c>0) [0044]1In an elliptical cone
represented by this canonical form the line of intersection wth a plane
parallel to the xy flat plane is an ellipse. An elliptical cone 30 that
intersects the direction of Iens thickness obliquely can be represented by
this canonical form by perform ng an appropriate coordi nate conversion on
an ort hdgagndl] coorfighatlersy stemtidrh sufaceaxdd ahd tdntyimxdws speci fi ed
wi thin a plane perpendicular to the direction of |ens thickness (here,

Wi thin guydfne ld®Ebyt @ tdw fddistors Wiate gfjumpndt hetzabgts Bpeesfi ed
in the direction of lens thickness as in the orthogonal coordi nate system

shown ind hgHRMead Yol Aiks Lid &%y, 10 ! h{ehdlasi gnpd p&idevat

ort hogonal coordi nate system [0045]1n the explanations bel ow, different
synbol s_ar.e.assi.g t r | ffer . el | jpti.cal e in the

col | ect |“ﬁ’g’} ﬁher?éllqtg% E&éaq%qtgrﬁglue%l'po‘{s(gﬁlng&or#\}gnﬂlg%cleﬁp#hg}Oé&fi pti cal
cone 30 .corresponding.to the central le functi.on surface 23 is called
ellipti &&Itec'fc?r‘?é’%:sﬁﬁ, qihl‘?e B %or%;%&?mﬂr}rs?gr%eqtﬁeor}ee s H%#scﬁu?lf%ce 23
closest to the central lens functi-on surface 23 is called elliptical cone

301, andO%-he T&HE -cdifr EHSoAGYRFS @5 1 éRs FRhct P oA urielce YEl e R ¢l osest

to
of the hyperboloid surface can be approximated by part of the

side surface of the elliptical cone 30, and in a cross-
sectional shape containing one virtual straight line extending
in the direction of lens thickness, this same part of the
hyperboloid surface can be approximated by a straight line.

In Fig. 1, the apex P of the elliptical cone 30 corresponding
to the lens function surface 23 below the lower of two virtual
faces VP is called Py. Moreover, in Fig. 1 the apex P of the
elliptical cone 30 corresponding to the lens function surface
23 above the lower virtual face VP is called P;. Finally, in
Fig. 1 the apex P of the elliptical cone 30 corresponding to
the lens function surface 23 above the upper virtual face VP
is called P,.

[0042] In an orthogonal coordinate system with the center
of an arbitrary flat plane as an origin and the x axis and the
v axis defined as bisecting each other at right angles on this
arbitrary flat plane, while the z axis is perpendicular to the
arbitrary flat plane, the equation of the elliptical cone is

expressed in the following canonical form with (x, y, z) being

16



the central lens function surface 23 is called elliptical cone 302. That
is, of the elliptical cones 30 other than the elliptical cone 300
corresponding to the central lens function surface 23, the one
corresponding to the nth (nl) lens function surface 23 fromcentral |ens

function surface 23 is called_ell&ptical cone 38i' e apices P, P, P of
the el | ithe crrddpasesodt P FI0PUETaAM eapﬁﬁgelé’ A CARRY P2.
respectively, and the central axes of the respective elliptical cones 300,
301 andas@2aar & eald edbeAdg CNeampedAAcipmiss- t he apex of the elliptica
cone 30, corresponding to the nth (n 1) lens function surface 23 fromthe
central [loeas If unctiMarthsuflace 23 is called P. and the central axis of this

elliptical cone 30, is called CA . Othogonal coordinate systens are then
defined for el LLiptigal cones 300, 301 and 302 with apex Po. P1 or P2 as the

origin arfld gedtralZaxi g CAo of. CA2 as the z a¥js.-anshwith the x axis
extendin%gi he 16?7%xia(ciﬁ%zabionégﬁg t he y“aZLéfF% e mnor axi al
directiolf of the eflipse in a cross-section perpendicular to the z axis.
The fornul for elliptical caqnes 300, 301 and 30 an .then be expressed by
t he equgﬁpgal(cangﬁiégleﬁiﬁﬁ)lﬁl eﬁ°£§b§?pﬁ55%§%€§iﬁ%ﬁéﬁiﬁ %ﬁﬂﬁ?%%ﬁiach
ort hogonal coordinate s¥sten1(00461A | ens _having three | ens function

surf ace§o78. ehBf LéPRe oﬁnﬁﬁFﬁegFlpﬁeW§¢§eas@ﬂ%&@éﬂﬂr@%4qﬂIqﬁan§ﬂx%one

30 is given as a collecting lens 1 of one exanple. In the collecting |ens
1 of thftabxahpne, isf anhelinpee -el Pnpeilddptdedds cone 3We W8 corr espondi ng

to the central |ens function
intersects the direction of lens thickness obliquely can be

represented by this canonical form by performing an
appropriate coordinate conversion on an orthogonal coordinate
system with the x axis and the y axis specified within a plane
perpendicular to the direction of lens thickness (here, within
a plane parallel to the first surface 10) and the z axis
specified in the direction of lens thickness as in the
orthogonal coordinate system shown in the lower left of Figs.
1 to 3, to thereby designate a new orthogonal coordinate
system.

[0045] In the explanations below, different symbols are
assigned to the three different elliptical cones 30 in the
collecting lens 1 of Fig. 1 for purposes of convenience. The
elliptical cone 30 corresponding to the central lens function
surface 23 is called elliptical cone 30,, the one corresponding
to the lens function surface 23 closest to the central lens
function surface 23 is called elliptical cone 30;, and the one

corresponding to a lens function surface 23 second-closest to
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surface 23 is called elliptical cone 300, the one corresponding to the |ens
function surface 23 on the outside of this surface is called elliptical
cone 301, and the one corresponding to the |l ens function surface 23 further
outside fromthis surface is called elliptical cone 302. In the collecting
lens 1 of this exanple, given 3 mmas the maximnumdifference t (see Fig. 1)
of the dédeormendmafladenz0 famd sl etunflagse 24 tis £aldfada@lihio ik @ing, 53
as the lens material, the coefficients a, b and ¢ in the equation

(canoni cal,.f ornktolist hefatheesentipenedlektbnpti cal othre hawe the val ues
shown in Table 1. However, the prior conditions for determ ning the val ues

for theeqaaiftiich@ntcond 30,288r¢cspeaing TabkBelcanerhhat ehie Fiuncitdm
light rays are focused on the focal point F at an incident angle of 45,

with 10 mm_as t distance d (see Fig. 1) fr an i e pl.ane | parallel to
the fir §f’1r§ﬁ‘rciea2§'l(5%8f Pffe G Irleeqéﬂ“%gmlg)eﬁs? % S eglerzgr@eiﬁn he parall el
to the first surface 10 (in this case, a plane parallel to the first

sur f ace fuDCaAQ@NC SHTAIEREN G 3a TFeIM CeddiFara tled So\f WA it Ath & Ut SEhedt i bhed

maxi mum di stance t on the first surface 10 side in the direction of |ens

t hi cknesslfiedneflhéppdsiatli oonef 30he ajffbg @DjceFhB.r Bl aPi 0& pbeiti onal

rel ati onshi ps of apices Po. Pl and Py can be expressed for exanple in terns
of the enoigitnahescoXesY3apd ZY; ddnd@ELareo calllednchpRZeassiyg an anéhogonal
coordi nate system having the focal point F of the collecting lens 1 as the

ori gin, pw thedhecxidXiy, agdat beeYcaxtsabi sgeki 89 enehrespectateri ght angl es
on the inmage plane containing the focal point F, and the Z axis specified

in the di b p dihgul agqgt ' | | calln ERI |.e Po=
(o 75, 4 TEELEHPRRREST SR, Fop il RS RepIFe gD B B

Thus, the apex of the elliptical cone 30, corresponding to the
nth (n = 1) lens function surface 23 from the central lens
function surface 23 is called P,, and the central axis of this
elliptical cone 30, is called CA,. Orthogonal coordinate
systems are then defined for elliptical cones 30p, 30; and 30,
with apex Py, P, or P, as the origin and central axis CAq, CA,
or CA, as the z axis, and with the x axis extending in the
major axial direction and the y axis in the minor axial
direction of the ellipse in a cross-section perpendicular to
the z axis. The formulas for elliptical cones 30y, 30; and 30;
can then be expressed by the equation (canonical form) given
above for an elliptical cone in each orthogonal coordinate
system.

[0046] A lens having three lens function surfaces 23 each
formed of part of the side surface of an elliptical cone 30 is

given as a collecting lens 1 of one example. In the
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0047] [ Tabl e 1] Lens function surface Coefficient Coefficient Coefficient
Elliptical cone 300 0.16

collecting lens 1 of this example, of the three elliptical

cones 30, the one corresponding to the central lens function
surface 23 is called elliptical cone 30y, the one corresponding
to the lens function surface 23 on the outside of this surface
is called elliptical cone 30;, and the one corresponding to the
lens function surface 23 further outside from this surface is
called elliptical cone 30,. In the collecting lens 1 of this
example, given 3 mm as the maximum difference t (see Fig. 1)
of the second surface 20 and polyethylene with a refractive
index of 1.53 as the lens material, the coefficients a, b and
¢ in the equation (canonical form) of the aforementiqned
elliptical cone have the values shown in Table 1. However,

the prior conditions for determining the values for the

coefficients a, b and ¢ shown in Table 1 are that the incident

light rays are focused on the focal point F at an incident
angle of 45°, with 10 mm as the distance d (see Fig. 1) from an
image plane I parallel to the first surface 10 of the
collecting lens 1 to a reference plane parallel to the first
surface 10 (in this case, a plane parallel to the first
surface 10 and containing a point separated by only the
aforementioned maximum distance t on the first surface 10 side
in the direction of lens thickness from the position of the
apex Py). The relative positional relationships of apices Py,
P, and P, can be expressed for example in terms of the
coordinates (X, Y and Z) of apices P,, P; and P, using an

orthogonal coordinate system having the focal point F of the
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0.12 0.03 Elliptical cone 301 6.26 5.42 3.04 Elliptical cone

collecting lens 1 as the origin, with the x axis and the y

axis bisecting each other at right angles on the image plane I
containing the focal point F, and the Z axis specified in the
direction perpendicular to the image plane I. In this example

Po= (-6.78, 0, 7.00), P, = (-5.63, 0, 6.40), P, = (-4.97, O,

6.05).
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302 5.19 4.76 3.22 [0048] Moreover, in the collecting lens 1 of this
exanpl e, given 00 as the angle forned by the central axis CAo of the
elliptical cone 30 and the particular normal |line Ho of the first surface
10 at the point where the central axis CAO crosses the first surface 10
with the apex Po as the origin, 01 as the angle forned by the central axis
CAl of tlR@4&1ll i ptil&ableodd 301 and the particular normal line H of the
first slehacEub@tdaont he poi NtCaweficidret cenCoaffagientCAl |Easffdscidmnet fi [ st
surfacé 10 with apex Pl as tlhe origin, and 02 as the angle forned by the
central satraceA2 of the ellijpical cone 302band the partijeul ar normal 1| ne
H2 of the first surface 10 at the point where the central axis CA2 crosses
the firgqh1SUhace L0 W Gy anex f8 as the ofpoip, angles 0@ gy 02 have tThe
val ues| ShouR G Fab Pt 08l du {0049][Tab| e 2] 4.08

Elliptical cone 30; 6.26 5.42 3.04

Elliptical cone 30; 5.19 4.76 3.22

[0048] Moreover, in the collecting lens 1 of this example,

given 0, as the angle formed by the central axis CA, of the
elliptical cone 30, and the particular normal line Ho, of the
first surface 10 at the point where the central axis CA,
crosses the first surface 10 with the apex Py as the origin, 0;
as the angle formed by the central axis CA; of the elliptical
cone 30; and the particular normal line H; of the first surface
10 at the point where the central axis CA; crosses the first
surface 10 with apex P, as the origin, and 0, as the angle
formed by the central axis CA, of the elliptical cone 30, and
the particular normal line H, of the first surface 10 at the
point where the central axis CA, crosses the first surface 10
with apex P, as the origin, angles 0, to 0, have the values

shown in Table 2 below.

[0049] [Table 2]

0o 4.08°
01 14.58°
0. 19.62°
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01 14.58 02 19.62 [0050]It can be seen from T Table 2 that in the collecting
lens 1, the particular normal line of the first surface 10 crossing a | ens
function surface 23 is not parallel to the central axis of the elliptical
cone 30 corresponding to the lens function surface 23, and that the central
axes of the elliptical cones 300, 30/ and 302 are not nutually parallel.

[ 0051] Moreover, it can be seen fromTable 2 that in the collecting lens 1,
the angle fornmed by the central axis and the particular normal line is

greater righsche el liptdhalbe YRR mBErGH MRIANG a0 ittheHee o 16t 4
surface 23 |ocated further outside of the collecting lens 1. [0052]Tn the

col I ect iyagd §ns o, 0 ha 1L Mo SIHOdIIRN e (e digsheGhing, shapps of the

pluralify of 1'ens fdnction surfaces 237in the Iens surface 21 are descri bed
with straight. lines in CrqQss-section caontaining one vi.rtual straight |ine
ext endi ﬁ&olgr?ltnﬁe adiieél&i% < qneﬁélrtf%c&% 55 Pivls P etJ‘ngtoco Becti ng

|l ens 1 of the _present enbodi nent, the |l ens surface 21 or_a curved surface

cor r espSRAIFGLt §¥tlife Offe fdies Grlild®d iR 1c §9T8e 300 SPEF HFP ORI h LR N ut ti ng

tool relative to the work piece (a base material for formng the collecting
| ens 1 depectlpctdong swafacentedr.i andf d¢haftotiien geniaadplages afd e ngi ng t he
side surface of the blade into line contact to cut the work piece. As a
resul t, ebltiptticelcobhest BAg. | 8ds dndf3d:harer esenmugmaddiymesiralilels. possi bl e
to reduce the time taken to work the work piece with the cutting tool when

[0051]1] Moreover, it can be seen from Table 2 that in the

collecting lens 1, the angle formed by the central axis and

the particular normal line is greater in the elliptical cone

30 corresponding to the lens function surface 23 located

further outside of the collecting lens 1.

[0052] In the collecting lens 1 of the present embodiment,

the respective shapes of the plurality of lens function

surfaces 23 in the lens surface 21 are described with straight

lines in a cross-section containing one virtual straight line

extending in the direction of lens thickness. Thus, with the

collecting lens 1 of the present embodiment, the lens surface

21 or a curved surface corresponding to the lens surface 21

can be formed by angling the cutting tool relative to the work

piece (a base material for forming the collecting lens 1

directly, or a base material for forming the mold), and

bringing the side surface of the blade into line contact to

cut the work piece. As a result, with the collecting lens 1

of the present embodiment it is possible to reduce the time

taken to work the work piece with the cutting tool when
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manuf acturing the collecting lens 1 or a nold for the collecting lens 1.
The lens material of the collecting lens 1 can be sel ected appropriately
according to the wavel ength of the light rays, and can be sel ected
appropriately fromplastics (polyethylene, acrylic resin, etc.), glass,
silicon, germanium and the |ike for exanple. Wen the mavelength of the

|i ght r@9§uf§0tﬁrﬂﬁ§ ther spddeciige ﬂSPSe%aﬁﬁlé medy £ORy It&Ye, silicon,
germaniumor the |like may be sel ected, while when the wavel ength of t he

| i ght reapdlestingt hensi di.bl Fheadges m@myrﬁ@lre§ihhegbaééamtﬁﬂgaﬂdﬂ&ahay be
selected. The material of the nold is not particularly limted, but
phosphoeahr pazgedectba hpleopryabelysadcbetiaganpl eheWrerred emtth icf used to
formthe collecting lens 1, the | ens can be nolded by injection nDIding,

compr esghan1 gBhe pdye! hHA_khkepkoseexatBheaph@apEl Hhergoled:ent ing ens 1 of
the present enbodi nenf as expl ai ned above includes the rst surface 10 and

th f
surt aceb SR ERESCEPp et gfﬁé%és% PR Retentont s lrr deasy S%%hé"%;*eiond
f h I 2 The | 1 | yd it
of 1 ho FERTaTLARL ADN LHPr Leke 53T BRANDIE - ¢ nERPERLRR, AN B 05 s
defi ned as fart of a side surface of corresgondln one of the elliptical
A

cones 3bPeAlbaRE| EaYSr R0t Rathei fREFETSALTRRERI F9TT PEAMPHE normal |ines at
respective points on the first surface 10. The particular normal |ine
crossesPohretityiemre| epblionet | sarsanrivsesr2BheThikpampvcheared®@at@d l ine is
not parallel to the central axis of the elliptical cone 30 correspondi ng

t o t he wizhke fwinen | Uine suavateng@Bhcobsted byghherpust Lsuliar ther ivdlsilbilee. The
central axes of the elliptical cones 30 are parallel to each other. It is
t hus possidid & derglipPressihhegbassroentreolikéf mayi beabeleattiedns Vihen usi ng
incident light falling obliquely on the first surface 10 fromthe outside,

and t o pi£ElEE COSE Sthd hdBdCos | 86t 1 part ess1dr0y Lhaipeaseputephodpiyy . | n
the collecting lens 1, the angle formed by the central axis and the

parti cq;lag errgmal 11F]é n&% A & a@éé(dgféfté{:axh?léhe fhbhPhi a1 acqre 30

correspon ng to t unction surface 23 Tocated further outside of

the | ens hIS onf atio S, po b re_s r e
occurr ensceeé/\'(l) axtlc% ab er ra 1|£oll;|n% i%%%l ]Fédﬁ%Lé '({:%sl% chO@&V’%@%?SI éﬁ

furt her, n_.th I ing lens 1 of the
urthe njecglgicﬁgiéﬂﬁg,gcogbgessgontmoldlng or the like for example.

[0053] The collecting lens 1 of the present embodiment as
explained above includes the first surface 10 and the second
surface 20. The first surface 10 is defined as an opposite
surface of the collecting lens 1 from the second surface 20.
The second surface has one lens surface 21. The lens surface
21 includes a plurality of the lens function surfaces 23.
Each of the lens function surfaces 23 is defined as part of a
side surface of corresponding one of the elliptical cones 30.
A particular normal line is arbitrarily from the normal lines
at respective points on the first surface 10. The particular
normal line crosses one of the lens function surfaces 23. The

particular normal line is not parallel to the central axis of
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present enbodi nent the lens surface 21 is divided into | ens function
surfaces 23 bounded by virtual faces VP. Virtual faces VP cross the
direction of |ens thickness. Each of the |lens function surfaces 23 forns
different angles with the virtual planes VP. In the collecting lens 1 of

t he present enbodi ment, noreover, each lens function surface 23 is forned
of part tdfe tdiel iptdiecsiurdace 3 cormidpgtdics twomhegOlatmtfwastieos apex P

| ocated on the second surface 20 side of the collecting lens 1 and its base
| ocat ed Qirdwe i3 rogddaayy kheigia-fcdlg eddmeal iNihd ensTHe Aottt he
central axis of the elliptical cone 30 intersects the direction of |ens

thi Ckne%%&égb'dﬂ:ﬁﬁv-el hysti ddie Qfd<Lao axies JdfAnsacts tdisonli segdion of

| ens t hi ckness uely in the collecting I'ens 1 of the present

enbodi t.. Mgreover., w.th the |l ect] I f r odi nment
it is possilb51 ehtuc?" §t§j|os|osrlé)sl§a ttr?e So%&frersés’ncqgleo%r%l#%xq%é]gﬁé;r(?éf%}ﬁf;gband
reduce costs. In particular,, in the callecting l.ens 1 qf the present

enbod mERETEAHIOT0A &Riad AR e dadRt HA IS CHAT S horR TRE wor k
piece (a base material for formng the collecting lens 1 direct]y or a base
nat er i af et syEFacs tife ThRoMd)Eheh O g n@rd 11 FEUSS 13t 2ol ek’ ng

|l ens 1, thereby contributing to | ower costs. [0055] Moreover, each virtual

f ace VPciodlegdding dénss 1 ofoddiengpresendi reaboiddmedrt || ed tthiekness in the
collecting lens 1 of the present enbodi nent, making it easier to design
each | epsliierdttingn lensf Age the, aagdecdoirared byadjhestcaria-dieiaghis adnd he
cutting tool when cutting the |lens as di scussed above. Moreover, when

t esti ngthBeppi@aicalar abrinans 15hapes pridferedlyeeirartdens tid the present
enbodi ment, testing can be acconplished easily by neasuring the angle of

each | eps1ibpRehOBoRE! BACRoZPespORALINRU NG HEO 1le@Me e IR G LU F Fc£OST S.
The nunber of virtual faces VP iS not I'imted to two, and one face or three

o v esbagaich RASEhRLCoThYSe Hhe cluTIeho! Vil daces VP my be

single or ura i ment  2) e present enbodi nent, a

censor apRRLals.olel e, 00 LAULaaN SR BBk A DR Lot o

| Sensor appar at us
i ncl udes _package . 4 npunted_ on
of off-axis aberrations, and reduce costs.

[0054] To explain further, in the collecting lens 1 of the
present embodiment the lens surface 21 is divided into lens
function surfaces 23 bounded by virtual faces VP. Virtual
faces VP cross the direction of lens thickness. Each of the
lens function surfaces 23 forms different angles with the
virtual planes VP. In the collecting lens 1 of the present
embodiment, moreover, each lens function surface 23 is formed
of part of the side surface of an elliptical cone 30 that has
its apex P located on the second surface 20 side of the
collecting lens 1 and its base located on the first surface 10
side of the collecting lens 1. And the central axis of the
elliptical cone 30 intersects the direction of lens thickness

obliquely. Thus, the optical axis intersects the direction of
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a circuit board 8, which is a printed wiring board. This package 4 is nade
up of a disk-shaped stem5, a bottoned cylindrical cap 6, which is bonded
to this-stem5, and a light-transmtting nenber 7, which is disposed so as
to block an aperture 6a fornmed at the bottomof the cap 6, and functions to

transmt the desired |ight rays. ' The pack ge 4 al sq cont.ai n
elenentiﬁ8ﬁdFﬁdcﬁBﬁﬁ§r°g 106 ?u&?t& ec83 eﬁﬁénﬁiﬁsnﬁoﬁ aégr%) 3 for
hol di ng a photoel ectric conversion elenment 2. In the sensor apparatus, a
cover nbrgseng kRmbpddmgniul t Mosegient MWakh Ibe reldiesidddd ook &f de of
the circuit board 8 so as to cover package 4. A pyroelectric elenent or

ot her i nheapedseahsembeliément &t aspbossdbdde tor suppaeslsi gite r ecei vi ng
el enent or the like for exanple can be used as the photoel ectric conversion

el enent oéchiekenc¥her afrfi-pkhiar adeseasabnel eanat reflucecdoas d.he In
phot oel ectric conversion element 2, a silicon substrate, germani um

substrabg. @k higr! | K§ tRePEBhEERRIKgUIEHSAS bRe thiedPirelsledts Mrdd diandrperber
7. In thi's case, noreover, both the stem5 and cap of the package 4 are

h
pref er ably s LOpOEd, 8 0 BehALoFRY LAl Rle! Renk! Shicall ARSHIditd Aehdeber 7
and cap are pre%erabe onded by an electrically conductive material. In

ddition, jn_thi the air | inth t 1 b
o and (REEbaRARE 44 RotRomaLREOR ! abBAr APEALPLREE Srd Toe A A bl i g

| ayer. 0058] The nmulti-segnent |ens 100 i n¢ludes a plurality of
y dgrect y or a base %aterial for forming t%e m%l%) whé% forming

a large-aperture collecting lens 1, thereby contributing to
lower costs.
[0055] Moreover, each virtual face VP is specified as
crossing the direction of lens thickness in the collecting
lens 1 of the present embodiment, making it easier to design
each lens function surface 23, and easier to adjust the height
of the cutting tool when cutting the lens as discussed above.
Moreover, when testing the precision of lens shape in the
collecting lens 1 of the present embodiment, testing can be
accomplished easily by measuring the angle of each lens
function surface 23, contributing to lower manufacturing costs.
The number of wvirtual faces VP is not limited to two, and 6ne
face or three or more faces are possible. Thus, the number of
virtual faces VP may be single or plural.
[0056] (Embodiment 2)

In the present embodiment, a sensor apparatus of the

configuration shown in Figs. 4A and 4B is used as an applied

example of a multi-segment lens.
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| enses 100a assenbled on a single surface (a single flat surface in the
exanpl e shown), and each lens 100a is the collecting lens 1 explained in
Enbodi nent 1. However, each collecting lens 1 is designed so that the
optical axis of each (not shown) passes through a specific |ight-receiving
surface of the photoelectric conversion elenent 2. [0059] Thus, wth the
mul ti-seg®@n] | ensThDD sgnsdie gpraeatuenueivdes Packageotsnoueted control
the occurrence of off-axis aberrations when using incident light falling
obl i quely @irddiet fhsatd saiy fvcicH Oi ©fa gacin toad |veitimg bemsdl fThist he
outside, and also to reduce costs. [0060]In other words, in the

mul ti - sgH@idgd ensidlGthd dhedreseix idedterh t5 ] Sa POSSEHMEqt 0 control
the occurrence of off-axis aberrations and reduce costs with the optical

axis int ﬁf&f r&f&% |d eGiH M A s tf‘c!l-ﬁdéci‘ %“&E?s dfiue! ya dbyeover, when

an infrare sensor ment Tor exanple i's used as the phoio ectric

conver5|0n ment 2 .i.n the s nsor apparatu ssible 1o hi eve an
i nfrared ﬁtsgcrranst"hlttlvl\}gdé"e et oﬁ"Hl réeha S d[Jhs oss’e (goré an)paé atﬁg 0061] A

gquad-type pyroelectric elenent including four_elenents recei ving
parts) fad‘rﬁ%’d3 e G JoFmss & ddig ke tFatds o‘?a%xémﬂ%é can be used as

the pyroelectric infrared detecting el enent making up the aforenentioned

i nf r ar e Weridonse|tOmdmansTHe déree Ao et da Bt (1Y Sensbe RpEragessi s
determ ned by the infrared sensor el ement and by the nulti-segnment |ens
100. ThedsodeoadEiios loard cmenthdodalimnuenireras(a Melhusbestidtel enent s are
set for each collecting lens 1 in the detection area of the sensor

appar at the Aittet €otr exampdem)( a8l Forcaldled my detpritailamne)c i corvensdi bnr ange
near the peak of the amount of infrared rays incident on the infrared

sensor ehefent, 2whi ah ithet Rengbireippearatifg fOlcalRireaidniged Y Iedwindg ay' s

froma physical object of detection. In the sensor apparatus shown Iin Figs.

4A and g thecaumen®uhkhsSe98RAt 8RN ioh LSkt f &icircuit
board 8 so as to cover package 4. A pyroelectric element or
other infrared sensor element or a photodiode or other light-
receiving element or the like for example can be used as the
photoelectric conversion element 2 here. When an infrared
sensor element is used as the photoelectric conversion element
2, a silicon substrate, germanium substrate or the like is
preferably used as the light-transmitting member 7. In this
case, moreover, both the stem 5 and cap 6 of the package 4 are
preferably formed of a metal material, and the light-
transmitting member 7 and cap 6 are preferably bonded by an
electrically conductive material. In addition, in this case
the air layer, in the space between the cover member 9 and the

package 4 in the sensor apparatus, functions as a heat-

insulating layer.
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collecting lenses 1, 8 x 4 detection beans are set within the detection
area. The nunber of collecting lenses 1 in the nulti-segnent lens 100 is
not particularly limted. Moreover, the pyroelectric infrared detecting
el ement need not be a quad-type pyroelectric elenent, and for exanple it is

al so possj to e al -type r-oel ectyq G .e ' '

el emelr[:t zsd((ﬁsglht -r g?:l& \%}u(nigl{lﬁésre%/ggr)e grlr?ecf glnd’daclsr}énlgﬁé%yér g?[%ﬁg%ir]?%ygﬁgst rate.
[ 0062] (Enbodi nent 3) The collecting lens 1 of the esent enbodi nent

i s expl diEEHOR AP A @ N8I TR e HES c‘gﬁ"%f i guration

of the collecting lens 1 of the present enbodinent is roughly the sane as

i n Enbodivafimcel inTRé&ec exagmtlienghiosts .1 agfd eacthhrleqentl Mokl net® differs

from Enbodiment 1 in the shape of the first surface 10. Constituent

el enent saliacting tleassdmexpd aimedntiod i Emboid inearte 1 .as Hareeret heeacine

synbol s, and explanations thereof are omtted. [0064]In the collecting

| enses toaflebtbad memtss 11 iandiedigned so that the optical axis of each
(not shown) passes through a specific light-receiving surface
of the photoelectric conversion element 2.
[0059] Thus, with the multi-segment lens 100 of the present
embodiment it is possible to control the occurrence of off-
axis aberrations when using incident light falling obliquely
on the first surface 10 of each collecting lens 1 from the
outside, and also to reduce costs.
[0060] In other words, in the multi-segment lens 100 of the
present embodiment it is possible to control the occurrence of
off-axis aberrations and reduce costs with the optical axis
intersecting the direction of lens thickness obliquely.
Moreover, when an infrared sensor element for example is used
as the photoelectric conversion element 2 in the sensor
apparatus, it is possible to achieve an infrared sensor with a
wide detection area as the sensor apparatus.
[0061] A quad-type pyroelectric element including four
elements (light-receiving parts) formed on a single
pyroelectric substrate for example can be used as the
pyroelectric infrared detecting element making up the

aforementioned infrared sensor element. The detection area of

the sensor apparatus is determined by the infrared sensor
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usi ng polyethylene as the lens material, even with a | ens thickness of 1
mm the transmttance of infrared rays near a wavel ength of 10 m crons
perpendi cularly incident on the first surface 10 is 40% and the

transm ttance declines as the Iens thickness increases. In the case of
incident light oblique to the direction of |lens thickness of the collecting
| ens 1, edsmedeand by thendwiltdaseement densdddsi valhys oWafeadicd t he
optical path becones even |longer than the maxi mum | ens thickness of the

col | ect ibegmiserin TheMsaemevaumber ascdhleeatumbgr efs el ememied afe pEtyefdwy| ene,
if there are large changes in lens thickness there is a risk of sink marks
due to waewekolhechkage 1ang tthanl ithe ddtierd ilonhe ageel 0T tard seaidatt fi cation
processes of injection nolding, potentially detracting from external

appearaﬁﬁ%arBQQQS]Tﬁ“ﬁet@ﬁ%lgﬁlb%%hﬂqgl%%n%aﬁﬂeﬁ %ﬁ@@%@Hﬂﬂ6ﬁjgﬁhefrﬂ§Ct'0n
nmol di ng nd the first surface 10 in the collecting |l ens 1 nade of

Do Vel T4l SRR cBRSECRANLY (FBIBeRR BecUpiedyRuriace thaldin FaNA 10 the

opp03|te Irecti romthe se on surtace shown'in

le, In thi di rect £l h h |
@ Tt | SRCREBhCR DRy BR=EREG PPARoguPARRERT0. WA (e KR 1 oct i ng | ens 1

of the present enbodlnent it is possible to restrict the direction of
smelIlnﬁffﬁcBﬁgedPFEEtFBH QﬁHeﬁFéOQnﬂnfEFGSPeﬁﬁyﬁffé?@b@nﬁhzﬁﬁ%%Hance by
making the first surface 10 be a curved surface that is convex in the
opposi t ebdeetcefodeteohione séBofilesgenhget 20Paredes] shomwme i@k dMgse shown
in Fig. 5 the first surface 10 is fornmed of part of a sphere with a large
curvat u¢® aadi&B,(becausedeMtiasegmbnh aessaﬂDOCasvapmp@ppdbwﬁiaighaed not
be part of a sphere. "l arge curvature radius" here neans a curvature

radi us wﬂeb@lﬁarg@naaaugh 80y hhgetbbslionUbbame ACe! Qe@PRARNIAS thdf | at
surface, but the curvature radius of the first surface 10 may be desi gned

appropr%cg%%tvﬁhagssgegn Lo | SlmEA0LYS 81 1 LI, 66! hepling | gus i and the

i ke e curva ure 6 sur ace i's designed
thin a an e at h of s aberrations_do_no d an al | owabl e
val e (Re EEngiett (Engr LOBTh FRE BRsboERLARAPoLIBERR: oBRTERSIa

el enent 2 above) in the collecting lens 1 made of polyethylene, it is
possi blld@ PHRN etpptestnbraredi ?taﬁE%FatP6ﬁ§eaﬁdn€69tPSF PReaoccur rence
of sink marks and swelling even while reducing the I ens thickness. In this

Descri puash; ty¥eg mynorlectinic cei¢ment suahdcBorOevambhg dtichsaadsovature and
a first surface 10 consisting of a flat surface 10 are called flat first
sur f acepdlibleverp aide restdsal fagme | pyroebéttricnglermantlisxphdingd twot h
reference to Figs. 4A and 48 preferably has a curved surface that is convex
in the appegitdse dirgodiatdiwing heasespnosrefiass 20s1h8068] (Enbodi ment 4)

pyroelectric substrate.

[0062] (Embodiment 3)

The collecting lens 1 of the present embodiment is

explained below with reference to Fig. 5.

[0063] The basic configuration of the collecting lens 1 of

the present embodiment is roughly the same as in Embodiment 1.

The collecting lens 1 of the present embodiment differs from

Embodiment 1 in the shape of the first surface 10.

Constituent elements that are the same as in Embodiment 1 are
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The collecting lens 1 of the present enbodi nent is expl ained below with
reference to Figs. 6 to 8. Constituent elenents that are the sane as in
Enbodi rent 1 are assigned the sanme synbols, and expl anations thereof are
omtted as necessary. [0069] Anong other things, the collecting lens 1 of

t he present, enmhodinment differs fromthat aof Enhodi t 1 in that the second
sur f ace & A€ C{&eurgd?‘ln\et P YEP Ol &8 r?%ﬁ@%%ﬁeﬁr}b%e%ﬁr?%%es 21. The
second surface 20 is on the opposite side fromthe first surface 10. As in
Enbodi moMitted-he optical axis (not shown) of collecting lens 1 of the
present enbodi nent intersects the direction of |ens thickness (vertical
directi dfOi6rt IFi g. I8) tdlel icgddlertiatg drensmed €) ofTHmboshinesdts ng drehs2 1
defined as Fresnel lens 1 has central lens part la and a plurality of (two

in the exdmg @olfewhylenagashaped lledds marerddly swenowidima thensent ral
| ens part |la. The nunber of ring-shaped lens parts Ib is not particularly

limtedihaodneBY Be LhiRe heMianshid(AhlRCh ingrehrredd@NsndFtal b has
a peak Iib on the second surface 20 side of the lens 1 (see Fig. 7). The

eak oot hbB015ULi A8 BB kRARINALANS) 20 Ao SldCBidle,

surface tacing the centra ens a, an ens surfa
a. Thus,

the side surface on_the opposi side fromcthe central |ens part J|a.
t he secﬁﬁﬁggﬁ?fggelﬁoggf'tEgapﬁggnéFanﬁé taRss ?ﬁ%ﬁ%&eéhr aggmﬁfjHH;each
ring-sh | ens_part | b. Mreover, the secqond surface 20 of the Fresnel

aped . , .
lens 1 Hgéclﬁnﬁéﬁsl GFPaees21 &R the caftr &f fBrddeitt 4i9hYy ARt s,

the collecting lens 1 of the present ]
the direction of lens thickness of the collecting lens 1,

moreover, the transmittance may be excessively low because the
optical path becomes even longer than the maximum lens
thickness of the collecting lens 1. Moreover, in a collecting
lens 1 formed of polyethylene, if there are large changes in
lens thickness there is a risk of sink marks due to uneven
shrinkage and the like during the cooling and solidification
processes of injection molding, potentially detracting from
external appearance.

[0065] Thus, the collecting lens 1 is manufactured by
injection molding. And the first surface 10 in the collecting
lens 1 made of polyethylene is preferably made as a curved
surface that is convex in the opposite direction from the
second surface 20 as shown in Fig. 5 for example. In this
case, the direction of lens thickness is the normal direction
at each point on the first surface 10. With the collecting
lens 1 of the present embodiment, it is possible to restrict

the direction of swelling to one direction and prevent

29



enbodi ment has a plurality of lens surfaces 21. The collecting lens 1 of
the present enbodi nent has a central lens part |a having an innernost |ens
surface 21 of the plurality of lens surfaces 21, and a plurality of

ri ng-shaped lens parts | b surrounding the central lens part |la. The
collecting lens 1 is a Fresnel lens (which can be nmade thinner than a
convex lmm)lemncdfi hextaamsals adpsar@icefby meakiard rtdie | fimss pasurfaceésla
convex surface in the opposite direction fromthe first surface 10.

[ 0072] Eagdh d eng-vdd faneratle ithdoriedaivex pliurtid topmdsi wnsdftect ion
surfaces 23. Each lens surface 21 is divided into |l ens function surfaces 23

bounded oy itHd AeJIAESMRELFILSS) Ng the direction of | ens thickness, and
each lens surface 21 is formng a different angle with virtual faces VP.

Froma di r.ent r ctj S J 0 0. o, e, 20
si de of tiofe&’c]ol I eg[?ll f\tgl gr%a%?lﬁeasﬁg) S rlur{(;tfltjlrgg' ssu’c h&g{ é\/\%%d%‘gﬁo%‘?%i %\%d by
and 252 on ei.t her of, a virtual face VP.in

stackin I%ers 5 Sjt?qe 0 t he
directi T hiPAGTe ST PRGN iy I1HED SRR Y Pt WREH T alr s
251 and 252. [0073]In the collecting lens 1, each |ens function surface 23
i s defi F¥FVeS sxnfage mHdhsiadSmadl LEVFEES e Pndithfrast AT e pti cal
cones 30 (see Fig. 6). A particular normal line is s”el ected fromthe nornal
| i nes aPafte ofegpephiere -point’dagige e vidtiugte gigdiaes” fprermeans td cul ar
normal |ine crosses one of the lens function surfaces 23 is not parallel
(i s obl cguepturet madderst rthlataxiss la@frgehensiugiptiiocsaltheoal 3t corrféspondd ng t o
the I ens function surface 23 crossed by that arbitrary nornal

to appear as a flat surface, but the curvature radius of the

first surface 10 may be designed appropriately based on the

lens radius of the collecting lens 1 and the like.

[0067] That is, if the curvature of the first surface 10 is

designed within a range at which off-axis aberrations do not

exceed an allowable value (for example, no more than the size

of photoelectric conversion element 2 above) in the collecting

lens 1 made of polyethylene, it is possible to both suppress

off-axial aberrations and control the occurrence of sink marks

and swelling even while reducing the lens thickness. 1In this

Description, forms including a first surface 10 having such a

curvature and a first surface 10 consisting of a flat surface

10 are called flat first surfaces 10. Even a first surface in

a collecting lens 1 explained with reference to Figs. 4A and

4B preferably has a curved surface that is convex in the

opposite direction from the second surface 20.

[0068] (Embodiment 4)
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line. The nmutual central axes of the elliptical cones 30 are not in
paral l el (are oblique). The apex of each elliptical cone 30 here is

| ocated on the second surface 20 side of the lens, and its base (not shown)
is located on the first surface 10 side. Mreover, the central axis of each
elliptical cgne 30_intersects the nor?a? i ne at eaip poi nt. of the first
surface 10 oBPeqGeyeoWids ke sdilr &% ithe P&RTELS FJPLUTISRt drF the first
surface 10 and the point where the nornmal line at that point crosses |ens
functi oexpdaiiacd peloy wathnagfgsrense dior &dwbson foftd éns AnA&GIds®ent t he
collecting lens 1, the direction along the nornmal |ine at each point on the
first selkeaeet$Othatt heedithectsame afs |ienEmbledikeads 1 arehaddirgtedurdHace 10
is a flat surface. Because the first surface 10 is a flat surface in the
col | ect sagel epmbd18f, hha RkpIenktedheditherteoft heeContitdleddss of each
elliptical cone 30 intersects the direction of |ens thickness obliquely.
Thus, ipekBesgell ecting lens 1 each lens function surface 23 is formed of
part of the side surface of an elliptical cone 30 of which apex |ocated on
t he sec rfac Si f l.en ngd _qf Is (Gn wn) is
Iocated?QQG?Ee figggggngggg Ebggggé,%g%dgfﬁée?g%t?aﬁgg%ié %%‘agﬁ%h
intersects the direction of |lens thickness, obliquely. 074].Mor.eover, in
Lhe col PECEPRE PRRSIIMERE "HHGEELFoR Rl BUSEhGLcMEPmERts Tafd (AT
particular normal line is greater in_the elliptical cone 30 corresponding
to the F%ﬁsSFﬁﬂE@iﬁﬂrgﬁFPagg bas| geRtLEgaLdiTher SGPErGe 10f thige fHigyEe)a
virtual face VP is defined as crossing the direction of |ens thickness. The
af or enehengnedrfacesall s acBhypspsondpbunéacenii Aengnt ke opPosfite

i ntersection between two elliptical cones 30 corresponding to two | ens
functi opiderfooest28 Dirstt berfacdelof tAst iwni Embedifngog IR, th@075] I n Fi g.
8, given the first surface 10 as the input surface and the second surface
20 as thetDedpuixssir {w6e, shbenidyanebhlepaing 0knkhe bifghher dyesant shown
with fine solid lines and arrows. In the collecting lens 1 of the present

enbodi N&oa e SN0t éRsELEs Bhel BEPECERYA bRChARB! tARCckReski rst surface 10
froma direction that intersects the normal line of the first surface 10 of

1) o 5] S O Y12 B SELR0 D AR asegs e pliect on
gl e LOERleIRIe o ElagPiALS, SECRPLRLL) 22850 RateoBhell Gllectin9
part la and a plurality of (two in the example shown) ring-
shaped lens parts 1lb surrounding the central lens part la.

The number of ring-shaped lens parts 1lb is not particularly

limited, and may be three or more.

[0070] Each ring-shaped lens part 1lb has a peak 11b on the
second surface 20 side of the lens 1 (see Fig. 7). The peak
11b has a rising surface (non-lens surface) 22, which is the
side surface facing the central lens part la, and a lens
surface 21, which is the side surface on the opposite side

from the central lens part la. Thus, the second surface 20 of

the Fresnel lens 1 has a lens surface 21 on each ring-shaped
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10 at an incidence angle al are refracted at the first surface 10, and a
refractive angle a2 can be determned by Snell's law. That is, given nl as
the refractive index of the nediumcontacted by the first surface 10 and n2
as the refractive index of the lens material, this becones: [0076][ Math.

4] sina2 nl sin al n2 [0077]according to Snell's law. Thus, in one exanple
of the darnsegqiantg lens Momfouvdre, prtes eracanbadimfane 2§l vidh tile Fresiel he
mediumis air and n2 = 1.53 if the lens material is polyethylene, then if

al - 4516 1 RbsHa RdNeEdRCIINGDH alfe kaftddle Jures girentodi nent
parallel light that has been refracted at refractive angle a2 at the first

surface 43-6an be rhagused qhd QoAli Rl FLdik QO Gid Ra-eagf | ens

function surface 23 frompart of the side surface of an elliptical cone 30.

ooy R IE S A () A e o o
collecting lens 1 of the present embodiment has a central lens
part la having an innermost lens surface 21 of the plurality
of lens surfaces 21, and a plurality of ring-shaped lens parts
1b surrounding the central lens part la. The collecting lens
1 is a Fresnel lens (which can be made thinner than a convex
lens), and the lens surface 21 of the central lens part la is
a convex surface in the opposite direction from the first
surface 10.
[0072] Each lens surface 21 is formed of a plurality of
lens function surfaces 23. Each lens surface 21 is divided
into lens function surfaces 23 bounded by virtual faces VP
crossing the direction of lens thickness, and each lens
surface 21 is forming a different angle with virtual faces VP.
From a different perspective, as shown in Fig. 7, the second
surface 20 side of the collecting lens 1 has a structure such
as would be obtained by stacking layers 25; and 25; on either
side of a virtual face VP in the direction of lens thickness,
and eliminating the boundary between layers 25; and 25;.
[0073] In the collecting lens 1, each lens function surface
23 is defined as part of the side surface of corresponding one
of'elliptical cones 30 (see Fig. 6). A particular normal line

is selected from the normal lines at the respective points on
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the first surface 10 is a flat surface, and the central axes of the
elliptical cones 30 intersect normal |ines at each point on the first
surface 10 obliquely (in Fig. 8, only one nornmal line is showmn with a
dashed-dotted line). In a cross-sectional shape containing one virtual
straight _line extending in the directiqon of |Iens thickness (here, a
cross-sgéﬁi%ﬁ&ﬁtsﬁgﬁgagﬁnagrniﬁ eapﬁEFﬁEPR Fn o5 hglPFr§F'§ﬁ%%u%P%O),
the angle formed by each | ens surface 21 and a plane parallel to the first
surf aceofothe agnsbfuseting suriageshed3an§l 8otoPREdll¢ledds Mbdiltyieur f ace
22 with a plane parallel to the first surface 10 is a roughly right angle.

[ 0079] | £ot hbecrensradctkanabfsithpe edflipadallenoneuBPacerirespenstimg gid | i ne
in a cross-section containing a normal line of the flat surface that is the

i nput synkacensf Fihetkbaseakrheas 23t beowseli bynghaitmardan raeygmeaial
reduced because the |l ens surface or a curved surface corresponding to the

lens suifage CaRebRutQhitdeRYrafgbikRe bhethdt biNgpteek113@nkd! 3o wa-d 0 the
wor k piece 140 and bringing the side surface of tﬁe bl ade into |ine contact

Lo cut L8 YR K PhPE1 2022008814 BuE) 0 %he'aPaxFB@sesbh'%@i#gy%gaf*'the

shape ens surface on t output surtface I1s rotatlon

symmetrical with a normal |ine of e input .surf as .t he .axi

rotatioﬁ?n?t¥¢sh%ﬁ%whsgﬁg?a%ﬁ§ 8?0%5?538598%a Y5 %%8 2? gégﬁ P%hgﬁfhrface

can be made intgo a straight line if each |ens surface is_approxi mated by

the si dLSR%r {2RE DFS aDRFEsl BREOPNAVEINES( LECRERENPINGC, FaFF5) Surtace

(Descriﬁéion ). [0080] The Fresnel |lens disclosed in US Patent No. 4787722
[

(Descr i Hiei s Mexsegqyied. f bre| apphrad print of a§achafdliBtpgedncone
4787722 (Description) describes using polyethylene as the |lens material.
[ 0081] 130 airessetts etise i mowhathlihe shapachf peadsh bénsheuffized on t he
output surface is rotationally symmetrical with a normal |ine of the input
surf aceswmsfdde BXicbDiquelal i onhenf thaxdsrabeiont conseotdny if pedalt | ens
surface i s approximated by the side surface of a frustumof a cone.

on the first surface 10 and the point where the normal line at

that point crosses lens function surface 23 is defined as the

direction of lens thickness in the collecting lens 1, the

direction along the normal line at each point on the first

surface 10 is the direction of lens thickness if the first

surface 10 is a flat surface. Because the first surface 10 is

a flat surface in the collecting lens 1 of the present

embodiment, the central axis of each elliptical cone 30

intersects the direction of lens thickness obliquely. Thus,

in the collecting lens 1 each lens function surface 23 is

formed of part of the side surface of an elliptical cone 30 of

which apex located on the second surface 20 side of the lens

and of which base (not shown) is located on the first surface

10 side, and the central axis of which intersects the

direction of lens thickness obliquely.

33



[ 0082] To resol ve the issues of controlling off-axis aberrations and
reduci ng costs, the inventors considered that in a basic structure in

whi ch a second surface 20 is conposed of parts of a plurality of
hyper bol oi d surfaces (each being one sheet of a hyperbol oid of two sheets)
the main axes of which intersect the normal lines of a first surface 10
obl i quel\00t4ilese pateowr t Hiem pihe atdtleadfiny pearisol boithe aiake st eoned be
approxi mated by straight lines in a cross-sectional shape containing one

virtual st rdigiedtima ediending tne tgwertdidueds aromfal dnsnd hisknesster
[0083] I n an orthogonal coordinate systemw th the center of an arbitrary

flat pl ane @33 A} 10HGIdhRUbANS K B AYhdify i defddethiast £69SSi ng
each other at right angles on this arbitrary flat plane, while the z axis

s per pendicsul A4 o e A WAIALE (Al NS dlie SSaHAL 9D Pl-diy cone 1S
representeéﬁby f%e?fb oW ng canonlég{]forn1mnt ak, Y, 2? being the
CO0r A NALES Yo A Ao s 8 SR, ER8Cay 0B R TR BR el
represe%%%dabo;g$é;€ggxgg¢¥yrgugfnfgggavp is a plane containing the
line of intersection between two elliptical cones 30
corresponding to two lens function surfaces 23 on ejither side
of that virtual face VP.
[0075] In Fig. 8, given the first surface 10 as the input
surface and the second surface 20 as the output surface, the
advancing paths of the light rays are shown with fine solid
lines and arrows. In the collecting lens 1 of the present
embodiment, as shown in Fig. 8, light rays incident on the
first surface 10 from a direction that intersects the normal
line of the first surface 10 of the collecting lens 1
obliquely (a direction that intersects the direction of lens
thickness of the collecting lens 1 obligquely) are focused on a
single focal point F (F0) on the second surface 20 side of the

collecting lens 1. Light rays incident on the first surface

10 at an incidence angle ao; are refracted at the first surface
10, and a refractive angle o, can be determined by Snell’s law.
That is, given n; as the refractive index of the medium
contacted by the first surface 10 and n, as the refractive

index of the lens material, this becomes:
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line of intersection wwth a surface parallel to the xy flat plane is a
circle. [0086] Thus, in a frustumof a cone obtained by cutting this cone on
two planes parallel to the xy flat plane, it is not possible to

approxi mate the aforenentioned parts of the hyperboloid surfaces in the
basic structure di scussed_above. [0087] Focusing on the fact that in the
canoni cAPOdfduct ut¥agBschilbed above, the line of intersection between each
hyper bol oi d surface and a flat plane intersecting the main axis of the

hyper bol gjghgurfage obliquely is an ellipse, the inventors conceived of
constituPLng~§ach—éL the plurality of lens function surfaces 23 in a |lens

surface %ﬁpﬁ@vparyzof the side surface of an elliptical cone 30 of which
apex P is ocdted oh the second surface 20 side of the lens 1 and of which
base (not shown) is located on the first surface 10 side, and the central

axi s of [gbireh i nt gesgetisnyheodsnecti eniair.| erRukhi ckneas eldampuel of
[ 0088] Each I ens function surface 23 is a continuous surface fornmed by a

col I ect{pg ébiﬂéfﬂiﬂgpieﬁét sthal ght biagenfOehbbaMAeas byaken lijnesiin Fig.

6), and the single point at which alT the straight [ines 40 nmaking up the

line_oropp, Ot eLgeGh 18 ég aRegxp P ofy tde af o é“i%ﬁ&ﬂﬂg ghiiptigal cone
t S t kS

30. Thus, |¢Qtﬁe ?ayers g an§ B85 are very Hﬁln see kI g. %?, part of the
hyper bol oi d surface can be approxi mated by part_ of the side surface of the
el |i ptiRalyebnelape. ghldepnis € osstZectizofial 'sRape t™NERENFAYLIBAELDS t ual
straight line extending in the direction of lens thickness, this same part
of the bsmerbobdHi theupfasentaembedappnbxi paradiley dightaithht hiase beem Fig.
6, the apex P of the elliptical cone 30 corresponding to the |ens function
surface 23-Het o4V dherdiFrhdiviaghqgVB & at the first surface 10 can

be focused on focal point F by configuring each lens function

surface 23 from part of the side surface of an elliptical cone

30. This has been confirmed by simulation using a ray-tracing

algorithm.

[0078] In the collecting lens 1 of the present embodiment,

the first surface 10 is a flat surface, and the central axes

of the elliptical cones 30 intersect normal lines at each

point on the first surface 10 obliquely (in Fig. 8, only one

normal line is shown with a dashed-dotted line). 1In a cross-

sectional shape containing one virtual straight line extending

in the direction of lens thickness (here, a cross-sectional

shape containing a normal line of the first surface 10), the

angle formed by each lens surface 21 and a plane parallel to

the first surface 10 is an obtuse angle, and the angle formed

by each rising surface 22 with a plane parallel to the first

surface 10 is a roughly right angle.
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central lens part la is called PO1l, while the apex P of the elliptical cone
30 corresponding to the lens function surface 23 above the virtual face VP
is called PO2. Simlarly, the apex P of the elliptical cone 30
corresponding to the | ens function surface 23 below the virtual face VP in
the ring-shaped lens part Ib on the side near the central lens part lais
cal |l ed ROD7%nd t HeE dphex d2oafs tsees taldrigdt ist@ipec ode e3@he dratess pouiage tbs t he

| ens function surface 23 above the virtual face VP is called P12.

Furt her @prsardilg tapen el iof & Rg-odd-igpidttan comt aith iy reespantingLine tde | ens
function surface 23 below the virtual face VP in the ring-shaped | ens part

I'b on theesided ag&ﬁ%rcé‘ At hes cend M fhphensuPpite | 8Fi sheakkednRdl1and the

apex P of the ell |pt|cal cone 30 correspondlng to the lens function surface

23 above,hartrbiale (A58 VBT $:09ed 152200000 on orogpual

coor di na Senter bitrar I'at pl ane as an orlgln

and the x |s and the efined as bis ctln each at her

angl es 3Hr 8 &bt F&F&eﬁxﬁﬂ PSife CARTSSEC l"%é‘n? %)? g%le %';?éjrspé’mﬁ%au‘?%r to

the arbitrary flat plane, the equation of the elllptlcal cone i s expressed

in the £8P b ﬁ@r@&ﬁoﬁﬁbépgﬂdPﬁlWPPhCP%tl?g FPeildd @Fd-addordittatidie of

arbitrary points on the elliptical cone 30 and a, b and ¢ being the
coef f i cwemks pipgeoGBPMand. bajingingy thep side surface of the blade into

line contact to cut the work piece as shown in Fig. 9. 1In a
Fresnel lens in which the shape of each lens surface on the
output surface is rotationally symmetrical with a normal line
of the input surface as the axis of rotation, it is known that
the cross-sectional shape of each lens surface can be made
into a straight line if each lens surface is approximated by
the side surface of a frustum of a cone (US Patent No. 4787722
(Description)).

V[OOSO] The Fresnel lens disclosed in US Patent No. 4787722
(Description) is designed for infrared light rays, and US
Patent No. 4787722 (Description) describes using polyethylene
as the lens material.

[0081] In a Fresnel lens in which the shape of each lens
surface on the output surface is rotationally symmetrical with
a normal line of the input surface as the axis of rotation,
off-axis aberrations occur if each lens surface is
approximated by the side surface of a frustum of a cone.
[0082] To resolve the issues of controlling off-axis

aberrations and reducing costs, the inventors considered that
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-1- a2b2 c2 -= (a#h and a, b, C> [0091]In the elliptical cone represented
by this canonical form the line of intersection with a plane parallel to
the xy flat plane is an ellipse. An elliptical cone 30 that intersects the
direction of lens thickness obliquely can be represented by this canonical
form by perform ng an appropriate coordi nate conversiaon on an orthogonal
coor di nat’e 3\RASHA i TG IS 1ak jwh g eGPk ST RGS f%]qadl% THIRC2EDI ane
perpendi cular to the direction of |lens thickness (here, within a plane

par al | elof pats fofr ¢ pdwriaddd I @F avparthe 1o1sk issirfifcas | @G Bekndirection
of lens thickness as in the orthogonal coordi nate system shown in the | ower

| eft of oRiegsheett @f8,a hypehdodlni dedi dnat sheeeiey dttehogoimal axx@oralf nat e
system [0092]1n the explanations below, different synbols are assigned to

the si xwaiifchererlerglddtpttheanosaizas 13Gdsh oithe @dldsactsurggdensid of Fig. 6
for purposes of convenience. The two elliptical cones 30, 30 corresponding

to the Lens PEIkACen2Ee0halde eentidl pien%Inakt Jm iR aRligdh el Lipti cal

cones 3001, 3002 The two elliptical cones 30, 30 corresponding to the |ens
surf acesﬁﬂrfgfcetsh?:ofu'lﬁs%er 8@%&%83@%%\%;%?‘ @G‘tﬁ‘a'l[b%rtma]%]tnése&% sprdages 21 are
call ed elTiptical cones 3 : , itethe two elliptical cones 30, 30
corresponding Lo Lhe ks 2unhass Bhe?l il 10100 11 gRONk L oREsS to

in the direction of lens thickness.

[0083] In an orthogonal coordinate system with the center

of an arbitrary flat plane as an origin and the x axis and the

vy axis defined as crossing each other at right angles on this

arbitrary flat plane, while the z axis is perpendicular to the

arbitrary flat plane, the equation of the cone is represented

by the following canonical form with (x, y, z) being the

coordinates of arbitrary points on the cone, and b and ¢ being

the coefficients.

[0084] [Math. 5]
2 2 2
X %—)/ Z
= —"=0 (b,c>0)
b C
[0085] In a cone represented by this canonical form, the

line of intersection with a surface parallel to the xy flat

plane is a circle.

[0086] Thus, in a frustum of a cone obtained by cutting

this cone on two planes parallel to the xy flat plane, it is
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| ens surface 21 are called elliptical cones 3022, 3022. That is, of the
elliptical cones 30 other than the elliptical cone 30 corresponding to the
i nnernodt |lens surface 21, the elliptical cone 30 closest to the central

|l ens part la out of the two elliptical cones 30, 30 corresponding to the

| ens surface 21 of the nth ring (n 1) counting fromclosest to the

i nner nosotl pessdbitate 2bproxdmblted tbkel pfpirementdnaedopartighiofe thee
elliptical cone 30 furthest fromthe central lens part la is called

el l'i pti egbeebbeo2@, 2urlfacebi sncane, babecr espactuve dpiscessed Rbde.P, P and
P of the elliptical cones 3002, 3002, 3012, 3022, 3021 and 3022 are called

api ces P@dg7h02, RFldusPhgd: oR2ineaRdck22nadndnt heer eaROGLEICKY G¥HIAu@RXES Of
the elliptical cones 300 3002, 3011, 3012. 3021 and 3022 are called

central 4 ?8§1SA81 886g30n§ALh1ngA£% E@é}séB@ﬁGﬁ28et$Eéﬁ g api ces of the

elllptlca cones orrespon |ng to t | ens surface 21 of the nth
ring arg cal

and _t al ;axes.o ptical gones 30,1,
30n2 ar BSF#ggoﬁﬂnFurEﬁﬁTZ ET?hESS% P1888ralna ggﬁéb n%bgrgl Nen defi ned
for elliptical cones 3001, 3002, 3011, 3022, 3021 and 3022 W th apices PO1.
P02. P1axip1of PHe hRePpolaidi FETEAPE ALLAAUCLKe1EeAPy SIL1dPSS - . CAO2,
CAl |, CA22, CA21 and CA22 as the z axes, and with the x axes _extending in
the di r&evEBROBS €PRCEEVSH Qﬁl§°aﬁﬁltﬁél99a§é§he?feﬁHPanuﬁaﬂﬁéydPﬁéct|on
of the mnor axis of the ellipse in a cross-section perpendicular to the z
axi s. Then$ofumthsonosuefacesi 23l isoaeted60$urgaoe, 230as, pa@t2 of3¢2E and
3022 can then be expressed by the equation (canonical forn) given above

for an eldépsucphceone an €nthpbithbgoaat 800ofi whtehsupeamP i[s0093] A | ens
havi ng six lens function surfaces 23 each forned of part of the side

surfacelobatdd b i Phé CabcbRNCsBPrhdeJRbeHiae a£CehbettbhBy1l ansl bfof one

exanple. In the collecting lens 1 of this exanple, of the six elliptical

cones 30h;dend¥0 ehoEPLLGRH) C2BET 08 tedl oTOHHRS RANU NG ULEIEE 10 side,
and the central axis of which intersects the direction of lens
thickness obliquely.
[0088] Each lens function surface 23 is a continuous
surface formed by a collection (line group) of straight lines
40 (shown as broken lines in Fig. 6), and the single point at
which all the straight lines 40 making up the line group
intersect is the apex P of the aforementioned elliptical cone
30. Thus, if the layers 25; and 25, are very thin (see Fig. 7),
part of the hyperboloid surface can be approximated by part of
the side surface of the elliptical cone 30, and in a cross-
sectional shape containing one virtual straight line extending
in the direction of lens thickness, this same part of the
hyperboloid surface can be approximated by a straight line.

In Fig. 6, the apex P of the elliptical cone 30 corresponding

to the lens function surface 23 below the virtual face VP in
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i nnernost |lens surface 21 are called elliptical cones 3001, 3002, while the
two elliptical cones 30, 30 corresponding to the |ens surface 21 of the
first ring are called elliptical cones 3011, 3012, and the two elliptical
cones 30, 30 corresponding to the | ens surface 21 of the second ring are

called elliptical cones 3021, 3022. In the collecting lens_ 1 aof this
exanpl e,Ce@t\%é‘rJr 1eRF 284t d arehS rﬁ?il(ﬁdePéFen‘ﬁkéler o#h? h%p%}écgnagsﬁf’faace 20
(in this case, the height of peaks Iib at the point closest to focal point
F on ri edldipddeall epnepdt samespendisg y& feedend e tidn at4FiaCce ndex
of 1.53 as the lens material, the coefficients a, b and c in the equation
(canoni eal abowve) thke tiietafadr daert VEnde elalilsd dab. covbmhbaelyhethel ues
shown in Table 3. However, the prior conditions for determning the val ues

for theagesf bi eirefths @lilhpandad Somen 3i0n chatlespdrlicnd ai tHrwe ldews dent
i ght rays are focused on the focal point F at an incident angle of 45,

with 10 cimeas ohheudicalanes el WiRgRNl aRRd wiaral lale toidde first
surface 10 of the collecting lens 1 to a reference plane (the flat plane

cont ai ni e LI of,, peak 1h). spacall el t0 fiqr ce, 10.
The rel Epugé’%gp%uﬁ?i BELEC LoP BR: %rrlls%h?%ggo?l %35? o = P&Z,l%{lsl,sé%é F251 and

P22 can_.be expressed for ample inte of e co i s,LX. Y and 2)
of api c&§ 56?93%0%11 pPPd %f PFrr }nd)ég‘,e uesflfnlgp%%g%?t%g%%n% coordi nat e
system having the focal point F of the collectin I%ps 1 as the origin,
Wi th t hECXTexPenghBdt ke yhexilensi L8RCAG e §EF T8 RFer? 2R Yhtt ihgl es on the
i mage plane | containing the focal point F, and the Z axis specified in the
di r ect | 6hrpeppefidreuVBr isocahdednBge plEHeEhernqre hi e apprel pbHithe
(-8.89, 0, 9.00), P- 02 =(-8.12, 0, 8.60), P11 - (-7.08, 0, 7.70), P12 =
(-6.59,eDliptdda]l PBhe=30- 6o8BesOonBin§) toP2Re=lens FAnqLiwd FYrface

23 below the virtual face VP in the ring-shaped lens part 1b

on the side farther from the central lens part la is called P,;,

and the apex P of the elliptical cone 30 corresponding to the

lens function surface 23 above the virtual face VP is called

P,,.

[0089] In an orthogonal coordinate system with the center

of an arbitrary flat plane as an origin and the x axis and the

y axis defined as bisecting each other at right angles on this

arbitrary flat plane, while the z axis is perpendicular to the

arbitrary flat plane, the equation of the elliptical cone is

expressed in the following canonical form with (x, y, 2z) being

the coordinates of arbitrary points on the elliptical cone 30

and a, b and ¢ being the coefficients.

[0090] [Math. 6]
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[ 0094]

[ Tabl e 311 Lens function surface Coefficient a Coefficient b

Coefficient ¢ Elliptical cone 3001

2 2 2

a0 (g2b = a,b,c>0)

a b c

[0091] In the elliptical cone represented by this canonical
form, the line of intersection with a plane parallel to the xy
flat plane is an ellipse. An elliptical cone 30 that
intersects the direction of lens thickness obliquely can be
represented by this canonical form by performing an
appropriate coordinate conversion on an orthogonal coordinate
system with the x axis and the y axis specified within a plane
perpendicular to the direction of lens thickness (here, within
a plane parallel to the first surface 10) and the z axis
specified in the direction of lens thickness as in the
orthogonal coordinate system shown in the lower left of Figs.
6 to 8, to thereby designate a new orthogonal coordinate
system.

[0092] In the explanations below, different symbols are
assigned to the six different elliptical cones 30 in the
collecting lens 1 of Fig. 6 for purposes of convenience. The
two elliptical cones 30, 30 corresponding to the lens surface
21 of the central lens part la are called elliptical cones 3043,
3002. The two elliptical cones 30, 30 corresponding to the
lens surface 21 of the first ring closest to the innermost
lens surface 21 are called elliptical cones 30;;, 30;,, while
the two elliptical cones 30, 30 corresponding to the lens

surface 21 of the second ring second-closest to the innermost
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0.38 0.28 0.05 Elliptical cone 3002 0.18 0.14 0.05 Elliptical

lens surface 21 are called elliptical cones 30;;, 30;. That is,
of the elliptical cones 30 other than the elliptical cone 30
corresponding to the innermost lens surface 21, the elliptical

cone 30 closest to the central lens part la out of the two

elliptical cones 30, 30 corresponding to the lens surface 21

of the nth ring (n = 1) counting from closest to the innermost

lens surface 21 is called elliptical cone 30, , while the
elliptical cone 30 furthest from the central lens part la is
called elliptical cone 304;. In this case, the respective
apices P, P, P, P, P and P of the elliptical cones 30p1, 3002,
3071, 30i2, 30,; and 30,, are called apices Poi, Po2, Pii, Piz2., Pn1
and P,,, and the respective central axes of the elliptical

cones 30¢0;, 3002, 3011, 3012, 30,; and 30,, are called central

axes CAg1, CAgz, CA;;, CA;;, CA,; and CA,,. Thus, the apices of

the elliptical cones 30,;, 30, corresponding to the lens

surface 21 of the nth ring are called Pni, Pn2, and the central

axes of the elliptical cones 30,,, 30, are called CA,;, CA;;.
Orthogonal coordinate systems are then defined for elliptical

cones 3091, 3002, 3011, 3012, 30, and 30,, with apices Po1, Poa,

Pi1, P12, P,y and P, as the origins and the central axes CAgi,
CAgp2, CAq;, CA;,, CA,; and CA,, as the z axes, and with the x axes
extending in the direction of the major axis and the y axes

extending in the direction of the minor axis of the ellipse in

a cross-section perpendicular to the z axis. The formulas for

elliptical cones 3041, 3002, 3013, 3012, 3021 and 30;; can then be
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cone 3011 8.90 7.30 3.33 Elliptical cone 3012 7.41 6. 37

expressed by the equation (canonical form) given above for an
elliptical cone in each orthogonal coordinate system.

[0093] A lens having six lens function surfaces 23 each
formed of part of the side surface of an elliptical cone 30 is
given as a collecting lens 1 of one example. In the
collecting lens 1 of this example, of the six elliptical cones
30, the two elliptical cones 30, 30 corresponding to the
innermost lens surface 21 are called elliptical cones 30q1, 3043,
while the two elliptical cones 30, 30 corresponding to the
lens surface 21 of the first ring are called elliptical cones
3011, 30;,, and the two elliptical cones 30, 30 corresponding to
the lens surface 21 of the second ring are called elliptical
cones 30,;, 305;. In the collecting lens 1 of this example,
given 1 mm as the maximum difference t of the second surface
20 (in this case, the height of peaks 11b at the point closest
to focal point F on ring-shaped lens parts 1b) and
polyethylene with a refractive index of 1.53 as the lens
material, the coefficients a, b and ¢ in the equation
(canonical form) of the aforementioned elliptical cone have
the values shown in Table 3. However, the prior conditions
for determining the values for the coefficients a, b and c

shown in Table 3 are that the incident light rays are focused
on the focal point F at an incident angle of 45°, with 10 mm as

the distance d from an image plane I parallel to the first
surface 10 of the collecting lens 1 to a reference plane (the

flat plane containing the valleys of peaks 11b) parallel to
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3.49 Elliptical cone 3021 6.38 5.60 3.28 Elliptical cone 3022

the first surface 10. The relative positional relationships

of apices Py, Poz, Pi1, P12, Pp1 and P,, can be expressed for

example in terms of the coordinates (X, Y and Z) of apices Py,
Po», P11, P12, P,; and P,,, using an orthogonal coordinate system
having the focal point F of the collecting lens 1 as the

origin, with the x axis and the y axis bisecting each other at
right angles on the image plane I containing the focal point F,
and the Z axis specified in the direction perpendicular to the
image plane I. In this example, Po; = (-8.89, 0, 9.00), Po; =
(-8.12, 0, 8.60), P;; = (-7.08, 0, 7.70), Pi, = (-6.59, 0, 7.44),

P,; = (-5.86, 0, 6.75), Py, = (-5.52, 0, 6.57).
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5.82 5.25 3.38 [0095] Moreover, in the collecting lens 1 of this exanple,
angl es 001, 002, 011, 012, 022 and 022 have the val ues shown in Table 4.
Angl e 001 here is the angle formed by the central axis CAOl of the
elliptical cone 3001 and the particular normal line HO1 of the first
surface 10 at the point where the central axis CAOl1 crosses the first

sur f ace [Q@AM[THble B apex P01 as the origin. Angle 002 is the angle forned
by the central axis CA02 of the elliptical cone 3002 and the particul ar

nor mal [Ty HRARfidhe Tirst] cskfaceiddrat | tberpachbntherladdrer cendhal axi s
CAO2 crosses the first surface 10 with the apex P02 as the origin. Angle
011 is gl e forned by t central axi$,CA1l of the elliptical cone
3011 and the particular normal |ine Hl1 of the first surface 10 at the
pOi nt where—t ent+al CAH—erosSses—+ H-st—sttrfs wi-t-h—t-he
apex plfiéepﬁrga r i°QPY. ?ﬁbl d0B is the a1gr hforrred by |t h%entral ax s
CA22

Elliptical cone 304, | 0.18 0.14 0.05

Elliptical cone 30:; | 8.90 7.30 3.33

Elliptical cone 30., | 7.41 6.37 3.49

Elliptical cone 30,, | 6.38 5.60 3.28

Elliptical cone 30,, | 5.82 5.25 3.38

[0095] Moreover, in the collecting lens 1 of this example,

angles 0y, 992, 011, 912, 0,; and 0,, have the values shown in

Table 4. Angle 0y; here is the angle formed by the central
axis CAg; of the elliptical cone 30p; and the particular normal
line Hy; of the first surface 10 at the point where the central
axis CAy; crosses the first surface 10 with the apex Py; as the
origin. Angle 8y, is the angle formed by the central axis CAy;
of the elliptical cone 30y, and the particular normal line Hy,
of the first surface 10 at the point where the central axis
CAy,; crosses the first surface 10 with the apex Py, as the
origin. Angle 0;; is the angle formed by the central axis CAi;
of the elliptical cone 30;; and the particular normal line H;;
of the first surface 10 at the point where the central axis

CA;; crosses the first surface 10 with the apex P;; as the

origin. Angle 6;, is the angle formed by the central axis CAj,
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of the elliptical cone 3012 and the particular normal |line H12 of the first
surface 10 at the point where the central axis CAl 2 crosses the first
surface 10 with the apex P12 as the origin. Mreover, angle 022 is the
angle formed by the central axis CA21 of the elliptical cone 3022 and the
particular normal line H21 of the first surface 10 at the point where the
central odxitbeCA21iptdsedscone Bionstandirifhr eaptigulny HerEpek Pbae iz he
origin. Finally, angle 022 is the angle forned by the central axis CA22 of
the el l bgt ithal Feese 302Zaaed IDhatpaht poliat whemsl thienedddZadf astis fir st
surface 10 at the point where the central axis CA22 crosses the first
surf acechd, Wridsddie e %k oo il 00851 4gabl By:44s08hel. 64 002

: .23

origin. Moreover, angle 0,; is the angle formed by the central
axis CA,; of the elliptical cone 30,; and the particular normal
line H,; of the first surface 10 at the point where the central
axis CA,; crosses the first surface 10 with the apex P,; as the
origin. Finally, angle 0,, is the angle formed by the central

axis CA,, of the elliptical cone 30,; and the particular normal
line H,, of the first surface 10 at the point where the central

axis CA,, crosses the first surface 10 with the apex P,, as the

origin.

[0096] [Table 4]

001 1.64°

002 7.26°

611 10.23°

012 14.05°

021 15.72°

022 18.20°

[0097] It can be seen from Table 4 that in the collecting

lens 1, a particular normal line of the first surface 10
crossing a lens function surface 23 is not parallel to the
central axis of the elliptical cone 30 corresponding to the

lens function surface 23 crossed by that particular normal
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On 14.05 On 15.72 On 18.20 [0097]It can be seen fromTable 4 that in the
collecting lens 1, a particular normal line of the first surface 10
crossing a lens function surface 23 is not parallel to the central axis of
the elliptical cone 30 corresponding to the lens function surface 23

crossed by that particular nornal
line, and that the central axes of the elliptical cones 300;,

3002, 30:;1, 30:;5, 30,; and 30,, are not mutually parallel.

[0098] It can also be seen from Table 4 that in the
collecting lens 1, the angle formed by a particular normal
line at each point on the first surface 10 and the central
axis of a lens function surface 23 of the second surface 20
crossed by this particular normal line is greater in the ring-
shaped lens part 1lb located further outside of the lens. 1In
other words, in the collecting lens 1 the angle formed by the
central axis and the particular normal line is greater in the
elliptical cone 30 corresponding to the lens function surface
23 located further outside of the lens. In this case, however,
“located on the outside” indicates the relative positional
relationship of lens function surfaces 23 located at roughly
the same height from the first surface 10.

[0099] In the collecting lens 1 of the present embodiment,
the respective shapes of the plurality of lens function
surfaces 23 in each lens surface 21 are described with
straight lines in a cross section containing one virtual
straight line extending in the direction of lens thickness.
Thus, with the collecting lens 1 of the present embodiment,
the lens surface 21 or a curved surface corresponding to the
lens surface 21 can be formed by angling the cutting tool 130
relative to the work piece (a base material for forming
Fresnel lens 1 directly or a base material for forming a mold

for the collecting lens) 140 as shown in Fig. 9, and bringing
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line, and that the central axes of the elliptical cones 3001, 3002, 3011,
3012, 3021 and 3022 are not mutually parallel. [0098]It can al so be seen
fromTable 4 that in the collecting lens 1, the angle forned by a
particular normal |ine at each point on the first surface 10 and the
central axis of a lens function surface 23 of the secqﬂqxfurfac 20

e

crossed ¢ SHide sartiach &F ddediladendnte Jridd &on%RG i HYE stped | ens

part | b located further outside of the lens. In other words, in the

col | ect wogkl @iece -t hd tadg dhfusr s b eh&xc aadugie Hhiss e thkgart? cul ar

normal line is greater in the elliptical cone 30 corresponding to the |ens
f unct i owoxiltr taee wddkl pdaioed Wittt Hére @uttdiigky dfodlhevheenmanufadisringe,
however, "l ocated on the outside" indicates the relative positional

rel ati onsli podfiel@ns gl UBGls QN oxurthac e 143 doacahed il ledtghly 1dies . Banme
hei ght fromthe first surface 10. [0099]In the collecting lens 1 of the

present ppEbedhEERALLerilg LESREE! 1060 190418Y Qenlsh8 RIdH #d (3ot &S

function surfaces 23 in each Iens surface 21 are described with straight

funct i i en: cri bed ai ght.
the o r SRPFERETRCRER, SPRoERILE, Rk SNt S B I AR T,
Po tho PBASOAr PAcES38CLEN BELFOPRAR By TGy (ERE L (g YUY SR

relative to_the work piece (a base material for form ng Fresnel lens 1

di r ect | §CBYLAChHBESELRRt BEFal - f GL2F§r niSAd 18R FEFBRHET GG ddtS ngt¥ns) 140
as shown in Fig. 9, and bringing the side surface of the blade into |ine
cont actfes examphe.wolWkepi sbe. waveillengibs ofoddiepld obd F@difcd s Hear thhe t aken
to work the work piece with the cutting tool when manufacturing the

col | ectimfiraead fanget Aernskdmpde,t pelyeltthydeineg Iséddcon,Tlgedmarsiumt eri al
of the collecting lens 1 can be sel ected appropriately according to the
wavel engt htipé 1ieel hght beaysileandd;awhheesaheat etheappiveicnzitd] off riare

pl astics (pol yethylene, acrylic resin, etc.), glass, silicon, germnium and
the Iikei§of J.@éfé’fpig-iﬂ\hﬁﬂet beswayvel eaayl, ohcthe ik gk indy Yliasd ot he
infrared range for exanple, polyethylene, silicon, germaniumor the |ike

may be selefiied :ﬂ;& wheacthg Wa’fﬁlaefﬂgttgr?%%t Be khghhoiays d 313*6”' the

vi si bl e range, acrylic resin, glass or the e may be selecte The
material_of.t | d,is.pot particular | {.m , bu h or ze or
the Ii Ipealﬁéjyc% aﬁg‘édl*%?gﬁéarrg\lg. p@\ﬁgﬁhérm% 8E?g Sgeghfgoatior mrr{a%[a%
collecting_lens 1, nolding can be acconplished by _injection | di.n
conpreﬂﬁ?ﬁl#Rﬁcﬁ%@ﬁ?ﬁethgwh?ﬂeafBPlgxé Pé?d[éfoéth % & &ﬁﬂiﬁﬁﬁﬁhﬁlens 1
of the present enbodi nent expl ai ned above, the second surface 20 on the
opposi tlens de- Mkine ¢apsbesageanpliphadsby ppiesticy srldimde in the
exanple of Fig. 6) lens surfaces 21. Each of the |ens surfaces 21 incl udes
a pl ur alanprexsienad it g onr sthé atdtke( fan eRamhdeexanpl e of Fig. 6). Each
of the lens function surfaces 23 is defined as part of a side surface of
corresgaidiolg onerrftied lepilieatingneens. 11 aft hbecpirksenitngmbedsimendf t he
present enbodi nent, out of the normal |ines at

explained above, the second surface 20 on the opposite side

from the first surface 10 has a plurality of (three in the

example of Fig. 6) lens surfaces 21. Each of the lens

surfaces 21 includes a plurality of lens function surfaces

(two in the example of Fig. 6). Each of the lens function

surfaces 23 is defined as part of a side surface of

corresponding one of elliptical cone 30. In the collecting

lens 1 of the present embodiment, out of the normal lines at
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the respective points on the first surface 10, a particular normal |ine
crossing a lens function surface 23 fornmed of part of the side surface of
an elliptical cone 30 is not parallel to the central axis of the elliptical
cone 30 corresponding to the Iens function surface 23 crossed by the
particular normal |ine. Mreover, the central axes of the elliptical cones
30 f or mting trespesntsi vieupstiings sur ftdee £ 23 tarsmf@cemitQuald yaariduar It is

t hus possible to suppress the occurrence of off-axis aberrations when using
i nci dentndrin@ht 1fiald i@ sFilnguelnens fdies tiidrs tsusifdoc @ 31 Edrmos tdie watsi de,
and to reduce costs in the collecting lens 1. In this collecting lens 1,

the anglg frglmd day siihg SNl @lanfd13 114 dd1e deaed I3puliy i Bdrdifel i s
preferably greater in the elliptical cone 30 corresponding to the |ens

function syiface 23 hocghed further lg%itps%]}%lofcotn@e 3P ¥rddsdoh déjm]%uce

possi bl e to suppresSs the occurrence axi's aberrations an

costs in.th coIIectln [ Ial furth n the col]ecting
Cens 1 GRe HERr £0BRE oM SHERARE dackParect it 208 PR Tt iih | ens
function surfaces 23 bounded by virtual faces VP, which cross the direction
of | ensliRPckn¥OEEONRE -t SPRi FEETPlelFSS Qigithe WUARM A alCIRESUP. I n
the collecting lens 1 of the present enbodi nent, noreover, each |ens

funct i oRosBipgcEhe3lensi supegion sartasest B Sir@e NSty Mdaladilyan el liptical
cone 30 that has its apex P located on the second surface 20 side of the

| ens angdart3lbdse [bcasetthus pbhesfiblst tousippeess shee occummbndwe afentra
axis of which intersects the direction of |ens thickness obliquely. Thus,

t he optbfalarxssabetreaseohs wwhendusafly anciliehend ighitcadgsingpl i quely in
the collecting lens 1 of the present enbodi nent. Mreover, with the

col | ectpyiqe8syloff thBerpi-ase8lireabedin@efiromt the BQ&%&@@B s uRpress the
occurrence of off-axis aberrations, and reduce costs. [0102] Moreover, each

vi rtual Spec e i he di rec I ckness in
The ool Teafce EokBsSPRCEALE g°%?3§2%?5e2%85.%ent&ﬁnébﬁﬁg%Fﬁﬁiiiéiﬁto desi gn

cach | engLunctien suEiacescgda 80diREoLeh La1adlat ahliechel aht of the

cutting tool cut | éns |scusse OVE. Mbreover, when
testin he recision o ens shape int collectin S t.he resent
enbodi AT CLPRET ROEIAL bbLRE chfpP Fgﬁsaagi& Brens crnde. R, sulu e

each | ens functlon surface 23, contributing to | ower nanufacturln costs
[0103](QHRRxﬁQHQRr%ﬁSPOHdlnglHotﬁ%epi§§§nfuBﬁBéBPnﬁﬁFfa&eséﬁs&P at us

of the configuration shown in Figs. 10A and 10B is expl ai ned as an applied
exanpl €wfthemoutisidgnehtthentens. It is thus possible to suppress

the occurrence of off-axis aberrations and reduce costs in the
collecting lens 1.

[0101] To explain further, in the collecting lens 1 of the
present embodiment each lens surface 21 is divided into lens
function surfaces 23 bounded by virtual faces VP, which cross
the direction of lens thickness, and forming different angles
with virtual faces VP. 1In the collecting lens 1 of the
present embodiment, moreover, each lens function surface 23 is
formed of part of the side surface of an elliptical cone 30
that has its apex P located on the second surface 20 side of

the lens and its base located on the first surface 10 side,
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[0104] Thi s sensor apparatus includes package 4 nounted on a circuit board
8, which is a printed wiring board. This package 4 is made up of a

di sk-shaped stem 5, a bottoned cylindrical cap 6, which is bonded to this
stem5, and a light-transmitting nmenber 7, which is disposed so as to bl ock

an aperture 6a formed at the bottom of, the C%P 6, anggﬁifunctlohg to
t r ansni @hdhgeSerddFali gris Qfs v 453 lens

el enent - hol di ng nenber (a M D substrate or the Ilke for exanple) 3 for

hol di ng taighoess ebtliiatedanveMhivgn dhememtizall mxife iddipsechaike us, a
cover nmenber 9 having a nulti-segnent lens 100 is di sposed on one surface
of the dimreugittiohoard 18ns0 tad ckmesay @bligmledye i4 tAepyoddlesdtima keseht or
ot her infrared sensor el enent or a photodi ode or other |ight-receiving

el enent o@r thie plriekenftoem@%ATRIes tCan MagebsRd ,asitthe thle0teal vt itg CoEWET Si on
el ement 2 here. \Wen an infrared sensor elenent is used as the

phot oel gChii ¢ROBYELSHoNflBHHent, 12 T bbAR1BHS oA IR AN

substrate or the eis prefera y used as the |ight- transnlttlng menber

: h h h k
L BLBaERsRLCTRECRIRT 0t e SUEILY AN thauRa .l (e package 4

are pre med "0 T8t &1 ateri a nsmtting
menber the ca are pre erabl ded an el ect.r conducti ve
naterlazO?Pﬁ thisM8§§8vthee§F gﬁaﬁ %Fﬁg g%a&@ 5@%“%&%‘%*§%%over nenber
9 and the package 4 functions as a heat insulating |ayer. [0105] The

nul ti - SEGRERLNIehBe1086TPREAQBeSTa lpREr APLCIEFS) éﬁsé&%@@&%@?& ed on a
single surface (a single flat surface in the exanple shown), and each | ens
100a i slenspbsed thet hcegehteempbpdimens . 1makpngi Add easiBFHd@ Merign
However, adjacent collecting lenses 1 are arranged so as to overl ap one
anot hereaeht hepar funétiongsshéipeds| eas hbhdcetsaeeay toMaddosdr ;theach
collecting lens 1 is designed so that the optical axis (not shown) passes

t hroughhé&igipecof i €néi ghttingetyong130rvaea ehlitthagphbkoaledst lHsC conver sion
el ement 2. [0106] Thus, with the nulti-segnent |ens 100 of the present

enbodi Mchdséd @eééébl eMbPe66BE! Otvhtahetegwhgeraﬁe phreefilidd Df 1ens
aberrations, and al so reduce costs. th the sensor apparatus of the

Pr esentoiehod ey 991 ONEng Lohs 933! bhe bReachkeURpAA afiar ed sensor

with aw |on area o e sensor apparatus when using an infrared
tric conve r5|

sensor eI nent for .exa Q oel e c LN %Eeqe
[ Or07] AR ifR % RFeerr TLeBR AR S vcPhahiaSRBIRo 5
each lens function surface 23, contributing to lower
manufacturing costs.
[0103] (Embodiment 5)

In the present embodiment, a sensor apparatus of the
configuration shown in Figs. 10A and 10B is explained as an
applied example of a multi-segment lens.

[0104] This sensor apparatus includes package 4 mounted on
a circuit board 8, which is a printed wiring board. This
package 4 is made up of a disk-shaped stem 5, a bottomed
cylindrical cap 6, which is bonded to this stem 5, and a

light-transmitting member 7, which is disposed so as to block

an aperture 6a formed at the bottom of the cap 6, and
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el ements (light-receiving parts) forned on a single pyroelectric substrate
for exanple can be used as the pyroelectric infrared detecting el enent
maki ng up the aforenmentioned infrared sensor elenent. The detection area of
t he sensor apparatus is determned by the infrared sensor el enent and by
the multi-segnment | ens 100. Thus, detection beans in the sane nunber as the
nunber dlureltemers $oarerasmiftortheactesdolddedtiighg lrarys .1 iTha hnakAezt4 on area
of the sensor apparatus. A detection beam (also called a detection zone) is
a smal | anangeontalinishenpealenen t-ie 1wy meib e flaanmad ratss tmeisddasit on the
infrared sensor elenent, which is the effective area for detecting infrared

rays frQqmeay gﬁw%@é T )0f3 defreHdi%And & tplm%t%%&%@tﬁppas&w@rmm In

Figs. 10A and 10B, because nulti-segnment Iens i s conposed of eight

col | ect Lijg lgises 17,8 4 elect i.on eais, are s i ndlphggtd on

area. The humber "of ~Col ctlng 't e multi - segnment I'€hs
particularly limted, however 0108 odi nrent 6 The coIIectlng
lens 1 HPlFﬁeS§9@§€ﬁt §Hﬁo&Pﬁeﬂ# %§S%&6n§iﬁ@doﬁglg®qﬁqﬁ$ ré? fhce to Fig.
11. [0109] The basic configuration of the collecting lens 1 of the present
enbodi nEAchd tsprRrgr 8t §0t R&t tOf CPYSEdPRSHAIS, 4excgptPYtrf?§tled%t3Hfé plurality
of lens surfaces 21, the innernost |lens surface 21 is configured froma
cent r al ellemenguptaoshera ivériamed asnsart edemgn taophér Phodipdimde a@urvat ure
of the aspheric surface is changes continuously. The aspheric surface is a

hyper bobohdrsuifatergbeiVhegr eflameatabrathe dfikehéolry peramgls caurdeace 25
intersects the direction of |lens thickness obliquely. Constituent el enents

that argstheasagBeaphblioblBedirientofivai-eidaseniehed twi2t hee samrers ol s,
and expl anations thereof are omtted. [0110]All of the plurality of lens

surfacesnflafad Q@nssenénemea@ &gomsear bs eheebhbRbeaalctganes 30 as in the
collecting | ens nbodi nrent 4. However, when all of the plurality of

I d I
 nner iﬂé‘?ﬁ?‘%ﬁ%géﬁ? %%@8% 5 hsaégﬁ‘fﬁ%h?sﬁ%a‘ﬁ%rl Al T o

ther by bt C°”f+l?°d+ff%ﬁ??re 9?%%‘?“%%?*18;139%%3“%‘%%51%5"#%%596‘23&Pp fo"

focus on focus poi nt F.
member 7. In this case, moreover, both the stem 5 and the cap
6 of the package 4 are preferably formed of a metal material,
and the light-transmitting member 7 and the cap 6 are
preferably bonded by an electrically conductive material. 1In
this case, the air layer in the space between the cover member
9 and the package 4 functions as a heat insulating layer.
[0105] The multi-segment lens 100 includes a plurality of
lenses 100a assembled on a single surface (a single flat
surface in the example shown), and each lens 100a is composed
of the collecting lens 1 explained in Embodiment 4. However,
adjacent collecting lenses 1 are arranged so as to overlap one

another, with part of ring-shaped lens lb cut away. Moreover,

each collecting lens 1 is designed so that the optical axis
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[0111]By contrast, in the collecting lens 1 of the present enbodi nent the

central lens surface 21la which is |ocated inward fromthe plurality of |ens
surface 21, or in other words the central |ens surface 2la which is the

| ens surface of the central lens part la, is made part of the

af orenenti oned hyperbol oid surface 25. [0112] Thus, in the collecting lens 1
of the predesbo¥Rbodessss ithroughy&sispesitd éd@%@?ﬁﬁQQ%ﬂ%Qﬁufq?ﬁa e

conparison with the collecting lens 1 of Enbodinent 4, and to inprove the
| i ght - colfl ébei phopeeflecraice cohviersiloanselegendi 2i-vity can therefore be

i ncreased by applying the collecting lens 1 of the present enbodinent to
t he sengonoappar atrthsisex plidihnathel mulnticdiegmen t5.1en@l 130l i hthe ghteadn g

|l ens 1 of the present enbodi nent, aberrations can be reduced nore by

confi gueBedifententr as bersipuef aee cdharefl ihe ocourdlednomastrla as
part of a hyperboloid surface 25 than by configuring it as part of an

aspher | g, 5ur L3ce,athehol alqd JIKeerLBalekd Butkace dan When JEUgACt uri g

t he nol or the collecting lens 1, if the central |ens surface 2la of the

tral _| t la. t of | oi t
e por { BPRBR2BGonSE: k% Rbeeell, SlPRTRERS) Rt baiBRe Ak A RAISGEE 7

angle to make it perpendicular to the gurvature i ccqr.dance with_ the
curved 59rfgRée¥e a8 LRSRATPA ﬁP&?OTZWlE Fhﬁgggagg,qééﬁﬁﬂu?ﬁ?ﬂa%ﬁocess i's

possi ble as |long as the nose radius of the cutting tool 130 is smaller than
t he cur¥Reupensadi aBraratufevhepetEdRgi @ns dPfRaEeds SePFOTVGIEMRP T ifFRF can
be reduced even if the central |lens surface 21la of the central lens part |a
i s partewfimpléyper bbeobHotaeflacér2s. conversion element 2.

[0107] A quad-type pyroelectric element including four
elements (light-receiving parts) formed on a single
pyroelectric substrate for example can be used as the
pyroelectric infrared detecting element making up the
aforementioned infrared sensor element. The detection area of
the sensor apparatus is determined by the infrared sensor
element and by the multi-segment lens 100. Thus, detection
beams in the same number as the number of elements are set for
each collecting lens 1 in the detection area of the sensor
apparatus. A detection beam (also called a detection zone) is
a small range near the peak of the amount of infrared rays
incident on the infrared sensor element, which is the
effective area for detecting infrared rays from a physical
object of detection. 1In the sensor apparatus shown in Figs.

10A and 10B, because multi-segment lens 1 is composed of eight

collecting lenses 1, 8 x 4 detection beams are set within the
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[0114]1n the collecting lens 1 of the present enbodi nent, the

| i ght-collecting performance can be inproved in conparison wth the
collecting lens 1 of Enmbodinent 4 not only when <central |ens surface 2la
of the central lens part la is a hyperboloid surface 25, but also when it
is an aspheric surface which has a symmetric axis intersecting the

di recti sletofctliems ariacknd@s ohinguelof ared et ing Vgnges chaknyi the
continuously. That is, in the collecting lens 1, the central |ens surface
2la | ocahAad ii-seindn t Nend hies pldy fdriti afldans Siutiftaeks hwdwepr ef er abl y
defined as part of an aspheric surface of which curvature changes
continuqysios] A SRewdG MRt ®) line is arbitrarily selected fromthe
normal |ines at the respective points on the first surface 10. The specific
normal |ine S t .cent.ral_ surf 2 1 f the aspheric
surface is pﬁg’%er%g’b lf%ﬁt&%ed;&regﬁ 21 otfgct c‘)ebljpl%c?%%nttg) t he lgr%r{s@o §1syrmet ry of
t he aspheri.c .surfac the .rotatjonal axis _(.OP1l) .of the hyperbol oid surface
25 whene?ﬁ@aégﬁﬁeﬁfgogbﬁPéébI@ézﬁﬁﬁéfbgpbféékuﬁﬂace 25) corresponding to
the central lens surface 2la crossed by that specific normal_|ine, thereby
contri blPlR§ 1t o i FPLOPES LG GRNLAGUradaiony Ofe s FRIdECHINS Hie T akePTin t he
collecting lens 1 the axis of symetry for this aspheric surface may al so
be non- gheabiresens epdoddmenlt [isnedmdtlagadle Fdiatt ofn Bredimsgrdet4 .on donai n
of the first surface 10 when the central lens surface 2la is projected in
a di recexonppathhbltebft ahehelogailidly axi deofls tstwerfiacest 2dur ftdoe 10.

[ 0115] Conventional |y, aplanatic | enses are known as | enses w t hout

aberr at inAsrnsee flensexampFheeHznoski ckuFagaredKaugak @' cevidrall2,edsvananmn
Shoten Pub., April 9, 1986, pp. 282-283). [0116]As shown in Fig. 13, in a
| ens hayiipgade! 8N aHEhiac@ 43, pBEt=oHFafUakphersal istiriedd.n Afiefathdfe @

| i ght beam Lb parallel to the optical axis a of the lens to be focused on

focal PAENERE Yebhe?sB0USEERbe0Rk EaBBLN bRRILIouBIRET € iy Wi {f0l | on

point of the |l ens surface Ile His the point of “intersection on the

opti cal axk $0pa. of, Avverbioalal Lig-dravgs!r omehe Jighnagthon. ol ite R (end
of a vertrtcal |The dr romthée rerractiron poin 0 thé optical” axis

pa), RE is the optical path |ength between the refracti.on paint R and the
focal poRRCh¥PeEROLeET| SUFRACBoePcAREREEROFENGPR BAFREETPhEH el ect i on

point H and the focal point F. It is known that to satisfy the condition of
RF = HRthigkressrohtiarelvust CorshihypBEbelemgnssr fhed Grearttd 1SGMe cal
surface. Wien |l ens surface 71 is a hyperboloid surface, lens surface 71 is
gi ven s the Fubhodivnegt f 4r anead¢syripbednwihths thhe spmer gymbed si.nd@d of t he
|l ens material and f as the back focus of the lens. [0117][Math. 7]
explanations thereof are omitted.
[0110] All of the plurality of lens surfaces 21 can be
configured from parts of elliptical cones 30 as in the
collecting lens 1 of Embodiment 4. However, when all of the
plurality of lens surfaces 21 are configured from parts of
elliptical cones 30, the innermost lens surface 21 of the
central lens part la contains apex P of elliptical cone 30,
making the curvature discontinuous at this apex P, and thereby

making it difficult for light rays passing through this apex P

to focus on focus point F.
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\222 (.Z - G X + vy 132=1 [0118] However, this formula is obtai ned when the
coordi nates of any points on the lens surface 71 are (x, y, z) in an

ort hogonal coordinate systemw th focal point F of the lens as the origin,
with the z axis on the optical axis Opa, and with the x axis and the y axis

per pendi cul ar. to gne anather in a plane _perpendi Iar to optical axis
Cpa Norldvan, ' o B s ash + g CoRAE i, Fhmgeend) and

(4), respectively. [0119][Math. 8] a nl
embodiment the central lens surface 2la which is located

inward from the plurality of lens surface 21, or in other
words the central lens surface 2la which is the lens surface
of the central lens part la, is made part of the
aforementioned hyperboloid surface 25.

[0112] Thus, in the collecting lens 1 of the present
embodiment it is possible to reduce aberrations in comparison
with the collecting lens 1 of Embodiment 4, and to improve the
light-collecting performance of the lens. Sensitivity can
therefore be increased by applying the collecting lens 1 of
the present embodiment to the sensor apparatus explained in
Embodiment 5.

[0113] | In the collecting lens 1 of the present embodiment,
aberrations can be reduced more by configuring the central
lens surface 21a of the central lens part la as part of a
hyperboloid surface 25 than by configuring it as part of an
aspheric surface other than a hyperboloid surface 25. When
manufacturing the mold for the collecting lens 1, if the
central lens surface 2la of the central lens part la is part
of a hyperboloid surface 25, the process can be performed by
moving the scoop surface 131 of the cutting tool 130 at an
angle to make it perpendicular to the curvature in accordance
with the curved surface 21 as shown in Fig. 12. In this case,
because the process is possible as long as the nose radius of

the cutting tool 130 is smaller than the curvature radius of
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bin-1f n+tF (4) [0120]In the collecting lens 1 of Fig. 11, the

hyperbol oid surface 25 that forns the central |ens surface 2l1a of the
central lens part la is represented by formula (1) above in an orthogonal
coordinate systemw th focal point F as the origin, the rotational axis OP1
of the hyperbol oid surface 25 as the z axis, and the x axis and the y axis
per penditthd darygeaxrtdie izl aurfadedBL] When wdmkiing dyisnehidarn rige tteddcedt
surface 10 at an incident angle of 45 are focused on the focal point F, the

angl e f rymd ity dHe deitatdionaln e ARk of1d kiF Reerdudl il sudsigea2d of

the central lens part la with a normal Iine of the first surface 10 can be

given as 2%.¢5 AGGOIH %gh%e%%ll'oﬁil We a5 s, the rotational axis OP1

can be ti ted Ust 27.5 Pélative to the normal line of the first surface

10. [0114] In the collecting lens 1 of the present embodiment,
the light-collecting performance can be improved in comparison
with the collecting lens 1 of Embodiment 4 not only when
central lens surface 2la of the central lens part la is a
hyperboloid surface 25, but also when it is an aspheric
surface which has a symmetric axis intersecting the direction
of lens thickness obliquely and has curvature changing
continuously. That is, in the collecting lens 1, the central
lens surface 2la located inwards from the plurality of lens
surfaces 21 is preferably defined as part of an aspheric
surface of which curvature changes continuously. A specific
normal line is arbitrarily selected from the normal lines at
the respective points on the first surface 10. The specific
normal line crosses the central surface 2la corresponding to
the aspheric surface is preferably not parallel to (oblique
to) the axis of symmetry of the aspheric surface (the
rotational axis (OPl) of the hyperboloid surface 25 when the
aspheric surface is hyperboloid surface 25) corresponding to
the central lens surface 2la crossed by that specific normal
line, thereby contributing to improved light-collecting
performance. In this case, in the collecting lens 1 the axis
of symmetry for this aspheric surface may also be non-parallel

to the normal lines at each point in the projection domain of
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[0122] (Enbodi nent 7) The collecting lens 1 of the present enbodi nent
is explained belowwth reference to Fig. 14. [0123] The basic
configuration of the collecting lens 1 of this Enbodinment is roughly the
same as in Enbodiment 4. The collecting lens 1 of the present embodi nent
differs fromthat of Enbodinent 4 in the shape of the first surface 10.
Const i t At TaFEHeARSEARSL 18r BNERe tREnECRETRA ERBSAHERECE &€ déscr i bed
with the sane synbols, and explanations thereof are omtted. [0124]1n the
col | ect pmgikehedsin of dEmbotiinpnpsralieletouthagcpoityatlhpidive ofs e | ens
material, even with a lens thickness of 1 nmthe transmttance of infrared
rays neghiratweverasgt boof 10 m crons normally incident on the first surface
10 is 40% and the transmttance declines as the | ens thickness increases.

In the casesof i nebHeBhtibARL1Y! OAbRaHhEEE! 18ASBEt aREr RABWHNC WA drisdd1e
first surface 10 of the collecting lens 1, the transmttance may be reduced

excessi yel fohecayserlbgannt icak RaLh ef;%%a{%sa MRILA O1R8 o L han- kBR Ry mum

| ens thickness o ecting lens ecting lens 1 rmed of

| yet h h I th
polyeIyLEDe  ORSENGE ol 0F 84812 MEKOR, SLS09E, Brl 2R dpchross, e

I d lidjf t f t | di otenti al
cool 10, guf£ol 61 etion prgpesses o\ leetiop mLdl o, potenigly

injection nolding. The first surface 10 of the collectln% | ens 1 nmade of
pol yet h{} en®E i JF areyhibbs sabksEied urosdesufprce Lhghti beaBnd®x in the

opposite direction fromthe second surface 20 as
parallel to the optical axis Opa of the lens to be focused on

focal point F with a constant optical path length. R here is
the refraction point of the lens surface 71, while H is the
point of intersection on the optical axis Opa of a vertical
line drawn from the refraction point R (end of a vertical line
drawn from the refraction point R to the optical axis Opa), RF
is the optical path length between the refraction point R and
the focal point F, and HF is the optical path length between
the intersection point H and the focal point F. It is known
that to satisfy the condition of RF = HF, lens surface 71 must
be a hyperboloid surface or an elliptical surface. When lens
surface 71 is a hyperboloid surface, lens surface 71 is given
by the following formula (1) given n as the refractive index
of the lens material and f as the back focus of the lens.

[0117] [Math. 7]

(z—cf x*+)°
B -l
(1)
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shown in Fig. 14 for exanple. In this case, the direction of |ens thickness
is the normal direction at each point on the first surface 10. Wth the
collecting lens 1 of the present enbodinment, it is possible to restrict the
direction of swelling to one direction and prevent problens of external
appearance by making the first surface 10 be a curved surface that is
convex i[rolles oppomintesredi,r entiiisorf dumarbe hies sdctenichesudhesge 1302 [ 0126] I n t he
exanple shown in Fig. 14, the first surface 10 is formed of part of a

sphere Wddtd dadlede Ut Wl fradidss i qlgﬂée%lﬁlﬂdccaﬁﬁwa{fe asey) z)
curvature), but it need not be part of a sphere. "l arge curvature radius”

her e ne§9§d% %&&%%FHéur ace @@ﬁ;g&ég&@%“gﬁp Jfﬂpgfﬁﬁjﬂr éﬂgface 10

t o appear e curvature radi us of e flrst surface
10 may he desi gned apprapri at, ased on the | ns coIIectlng
| ens ﬁﬁﬁstﬁé E Ig@ff? fﬁ%@yt S % FHE A Qé% é§;1 |rs urface
10 is designed mnthln a range at which off-axis aberratlons do not exceed
an al | oR&9 &Ly G@e(F‘OIaXéﬁaﬁ"&ide thgo Yngrtd &t RETREE QYL Dt H A Del ectri ¢
conversion element 2 above) in the collecting lens 1 nade of pol yethyl ene,
it is pesoitber is @opﬁageppﬁé@@n@fifcuéﬁiralt%ﬁgﬁ PGP lafkicofiRdl the
occurrence of sink marks and swelling even while reducing the |ens

t hi cknedsrebnetrhi 8, Dbsenidpti an, foomug ai (dl)udineg diiviest byurfeamesla® havi ng
such a curvature and first surfaces 10 having a flat surface are called
flat fingst auafaees iespeEvenvalfy.rst surface 10 in a collecting lens 1
explained with reference to Figs. 10A and 108 and Fig. 11 preferably has a

curved surface that is convex in the opposite direction fromthe second
surface 20. CLAI M
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1. Acollecting lens conprising: a first surface; and a second surface;
wherein said first surface is defined as an opposite surface of said
collecting lens fromsaid second surface, and said second surface has a

| ens surface, and said lens surface includes a plurality of |ens
function surfaces, and each of said |lens function surfaces is defined
as part[Qﬂlﬁlside[yﬁFPacélof correspondi ng one of elliptical cones, and

a particular nornmal line which is arbitrarily selected fromnormal |ines at

respective pointsfon said first surface and crosses one of said |lens
function sﬁ?Fﬁcg;‘Ti‘not parallel to a central axis of the elliptical cone
correspondi ng to dal'd I ens functid®@)surface crossed by said particul ar
normal |ine, and said central axes of the elliptical cones are not
parallel to epach gther. 2. A collecting | ens according to claim1,
wherein pn=a e 3rned by said central axis and said particul ar normnal
line is gred 2@41 the elliptical cone corresponding to said | ens function
surface | oca fdrther outside ?E)said col l ecting |ens.

n
n+1

C =
(4)

[0120] In the collecting lens 1 of Fig. 11, the hyperboloid
surface 25 that forms the central lens surface 2la of the
central lens part la is represented by formula (1) above in an
orthogonal coordinate system with focal point F as the origin,
the rotational axis OPl of the hyperboloid surface 25 as the z
axis, and the x axis and the y axis perpendicular to the z
axis.
[0121] When light rays hitting the first surface 10 at an
incident angle of 45° are focused on the focal point F, the
angle formed by the rotational axis OPl of the hyperboloid

surface 25 of the central lens part la with a normal line of

the first surface 10 can be given as 27.5° according to Snell’s

law. That is, the rotational axis OP1l can be tilted just 27.5°

relative to the normal line of the first surface 10.

[0122] {Embodiment 7)

The collecting lens 1 of the present embodiment is

explained below with reference to Fig. 14.
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3. Acollecting lens according to claim1 or 2, defined as a Fresnel |ens
having a plurality of said |lens surfaces. 4. A collecting | ens according

toclaiml1 or 2, conprising a plurality of said | ens surfaces, and a
central lens surface located inward fromthe plurality of said |lens

surf aces, wherein said central |lens surface is defined as part of an
aspheri d Gia¥lace dhewhiash ccwordtigurathiangef ddet ignldiedtingankens 1 of g
specific normal line which is selected arbitrarily fromthe normal |ines at

t he respedls \Embpdifiieth tod sS @icthghlys tt sl rdaace sandirc rEadsekingaitd £entTid | ens
surface corresponding to the aspheric surface is not parallel to an axis of

symet r yoafh e ndS AR @ B e preseh tC AnRfd it d NE RGEOTEHdH digae! ai m
4, wherein the aspheric surface is a hyperboloid surface. 6. A collecting

| ens a0l GiBdinedl 008 el bel G MYEIISAL Gl ecting lens is

made of polyethylene, and said surface 1s a curved surface that

convex 1.0,th8 +RRLS LI &rdnt e kAt LMt ¢a3RC U U Fdhiment 4 are

described with the same symbols, and explanations thereof are
omitted.

[0124] In the collecting lenses 1 of Embodiments 4 to 6,
using polyethylene as the lens material, even with a lens
thickness of 1 mm the transmittance of infrared rays near a
wavelength of 10 microns normally incident on the first
surface 10 is 40%, and the transmittance declines as the lens
thickness increases. In the case of incident light from a
direction not perpendicular to the first surface 10 of the
collecting lens 1, the transmittance may be reduced
excessively because the optical path becomes even longer than
the maximum lens thickness of the collecting lens 1. In a
collecting lens 1 formed of polyethylene, moreover, if there
are large changes in lens thickness there is a risk of sink
marks due to uneven shrinkage and the like during the cooling
and solidification processes of injection molding, potentially
detracting from external appearance.

[0125] Thus, a lens is manufactured by injection molding.
The first surface 10 of the collecting lens 1 made of
polyethylene is preferably made as a curved surface that is

convex in the opposite direction from the second surface 20 as
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7. Anulti-segnent lens conprising a plurality of |enses assenbled on a
singl e surface, wherein each of said |lenses is said collecting | ens

according to any one of clainms 1 to 6.

shown in Fig. 14 for example. In this case, the direction of
lens thickness is the normal direction at each point on the

- first surface 10. With the collecting lens 1 of the present
embodiment, it is possible to restrict the‘direction of
swelling to one direction and prevent problems of external
appearance by making the first surface 10 be a curved surface
that is convex in the opposite direction from the second
surface 20.
[0126] In the example shown in Fig. 14, the first surface
10 is formed of part of a sphere with a large curvature radius
(a curved surface with a smail curvature), but it need not be
part of a sphere. A “large curvature radius” here means a
curvature radius that is large enough for the first surface 10
to appear as a flat surface, but the curvature radius of the
first surface 10 may be designed appropriately based on the
lens radius of the collecting lens 1 and the like.
[0127] That is, if the curvature of the first surface 10 is
designed within a range at which off-axis aberrations do not
exceed an allowable value (for example, no more than the size
of photoelectric conversion element 2 above) in the collecting
lens 1 made of polyethylene, it is possible to both suppress
off-axial aberrations and control the occurrence of sink marks
and swelling even while reducing the lens thickness. In this
Description, forms including first surfaces 10 having such a
curvature and first surfaces 10 having a flat surface are

called flat first surfaces 10. Even a first surface 10 in a
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collecting lens 1 explained with reference to Figs. 10A and
10B and Fig. 11 preferably has a curved surface that is convex

in the opposite direction from the second surface 20.
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CLAIMS

1. A collecting lens comprising:
a first surface; and

a second surface:;

wherein said first surface is defined as an opposite
surface of said collecting lens from said second surface, and
said second surface has a lens surface, and

said lens surface includes a plurality of lens function

surfaces, and

each of said lens function surfaces is defined as part of
a side surface of corresponding one of elliptical cones, and

a particular normal line which is arbitrarily selected
from normal lines at respective points on said first surface
and crosses one of said lens function surfaces is not parallel
to a central axis of the elliptical cone corresponding to said
lens function surface crossed by said particular normal line,

and

said central axes of the elliptical cones are not

parallel to each other.
2. A collecting lens according to claim 1,

wherein an angle formed by said central axis and said
particular normal line is greater in the elliptical cone
corresponding to said lens function surface located further
outside of said collecting lens.
3. A collecting lens according to claim 1 or 2, defined as a

Fresnel lens having a plurality of said lens surfaces.
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4. A collecting lens according to claim 1 or 2, comprising

a plurality of said lens surfaces, and

a central lens surface located inward from the plurality
of said lens surfaces,

wherein said central lens surface 1s defined as part of

an aspheric surface of which curvature changes continuously,

and

a specific normal line which is selected arbitrarily from
the normal lines at the respective points on said first
surface and crosses said central lens surface corresponding to
the aspheric surface is not parallel to an axis of symmetry of
the aspheric surface.

5. A collecting lens according to claim 4,

wherein the aspheric surface is a hyperboloid surface.

6. A collecting lens according to any one of claims 1 to 5,
wherein said collecting lens is made of polyethylene, and
said first surface is a curved surface that is convex in

the opposite direction from said second surface.

7. A multi-segment lens comprising a plurality of lenses

assembled on a single surface,

wherein each of said lenses is said collecting lens

according to any one of claims 1 to 6.
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