P625193 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 - REFRER3 | 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 hyper boPEPERIEFESEe 120 is inclined so as to form
an angle O with the nornmal Iine H of the flat surface 110 (Japanese

Exami ned Pat ent ApptQ@lelaf ¢HINPUIENS AN MNeT T +HEQ@ENA ; LEMES | ed Pat ent
E)gcurrent 1). In a collecting lens 101 of the configuration shown in Fig.

TECHNICAL 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 6 with the normal line H of
the flat surface 110 (Japanese Examined Patent Application
Publication No. H7-36041; called Patent Document 1). 1In a
collecting lens 101 of the configuration shown in Fig. 15,
light rays incident at a certain angle 8 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 d is
an angle satisfying Snell’s law, or in other words, sin (8 +
8) = 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



light rays incident at a certain angle 6 to the rotational axis C becone
parallel to the rotational axis C of the hyperbol oid surface 120 within the
col | ect?e¥pI®hs 101, and are focused aplanatically on a focal point F. The
angle 6 is an angle satisfying Snell's law, or in other words, sin (0 + 6)

W U R4 e rs SO0 S MW 7 395, S HELe 1485 1 (et B8 30 br ocs
the occurrence of off-axis P625193 aberrations and collect light rays
ef fi ci eshtligde ore ditecrdwmsl oblngue @b thre Hortmeduriare HidE- the 1l at
surface 110. [0003] The collecting Iens 101 disclosed in Patent Docunment 1
is desipneskf or iTHe areldlddtgimg rlayrss Tanid dPag eimsébcundgiatentdiZrdwesast usi ng
pol yet hyl ene as the I ens material. [0004] Patent Docunment 1 al so describes a
mul ti-seof®esigned for infrared light rays, and Patent Document 1

discloses using polyethylene as the lens material.

[0004] 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.



lens with an array of a plurality of collecting |enses all having a focal
point in the same position. [0005]As shown in Figs. 16A and 16B, noreover,
Pat ent t 1 al so proposes making collecting |l ens 101 a Fresnel |ens,
and maki ng the common rotational axis C of hyperboloid surfaces 121, 122

and 123 o he second surface intersect the flat surface 1 t first
surfac eBOCL%'{]i queﬁ&ﬁenovoerrde . oa:’%ltfpoﬁ} SLsesnst heasoéO CUr'T énce of o&h-(eax%??
aberrations. In this case, hyperbol oid_ surfaces 121, 122 and 123 constitute
the | edd'frIece. dqRIGDE1IH hhe T3 Ry Sreridato PTofFAgE.CorB AR 168,
Pat ent Docunment 1 describes the possibility of providing an angle between

t he norwiglh |4 relndlef adyel ddlatsuwsithdcs e TR NEfE phyeradngd faterdys that are
focused aplanatically on a focal point, depending on the angle fornmed by

t he fl atpslurdaecieon] Fikdnd athieorc droore a0st-atd 29t ; avdlsled dfatsrper bol oi d
surfaces 121, 122 and 123. It is thus possible to suppress the occurrence
of of f tsdunaalreryati ons and collect light rays efficiently fromdirections
oblique to the normal line Hof the flat plane 110 in the collecting | ens

101 of [dm) 16AaNdpeR: i PEAILO3 JRO007MoreRyarc anadmohd&nedias been
proposed whereby the focal depth can be increased over that of an axicon

Publ 1 02 1 N D000 BTaRE AT od P o Bacunent 2y To0uR] A2 Shown i1
Fi gs. 17'A’h ]a7il%fand 17C,_ Pat %nt t

wit erent donica sd%%gggg1as lens surfaces having
different angles relative to a optical axis OX, and arranging
the three lens members 22la, 221b and 221c in the light axial
direction asg shown in Fig. 17D to thereby obtain a greater
focal depth than with an axicon lens having a single conical
surface. Although the three lens members 22la, 221b and 221c
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. 17E.

[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



2 describes preparing three |l ens nmenbers 221a, 221b and 221c with different
coni cal surfaces as |lens surfaces having different angles relative to a
opti calP@B85°0X, and arranging the three | ens nenbers 221a, 221b and 221c
inthe light axial direction as shown in Fig. 17D to thereby obtain a

greater_focal depth than with an axi con lens Vi n si_ngl ni_ca

sur f ac& 2%t th JUth %GR Y Ht &8 1 W%e@?%r}%ﬂ% g]r?ci“f%fgc (:G?Se %ssenbl ed
to obtain an axicon |ens having three conical surfaces in Patent Docunent
2, an ajdmvrederRatent AWY s By doseP 943 Ivhi GRYIES BahFHce 213 is
constituted wwth a spline curve (free curve) as shown in Fig. 17E. The
focal deptimersn 4l)so be increased over that of an axicon | ens having a
single conical surface in an axicon |lens constituted as shown in Fig. 17E.
[ 0009] MyEaver, arh ajid Gall tsensigugroeViares dmnsi dxadro qadpios &htgurtovi ded wit h
a multi-segnent lens including a plurality of |enses with roughly the sane

focal positdanasse ed aha sing eddticsurd ace1diogaidicardrdy ahe
infrared sensing elenent that is a light-receiving el enment disposed at the

af orement | ifi o £xHRlL AR Bl Pat ent
Publica%%éooﬁ{}ﬁlggd%g%&gl?(%a}ﬁ}lbeé atJelg{ Docurreeﬁt 3) 6Habﬁdsae\lmfflggﬁg‘ﬁ;}%L?sPatent
Publ i cat,i on No. 3090337 .(cal |l ed -Pat.ent mend. . In the

ml ti- stéba}Ferhnq%%ee%tsditsl{:ei SEFdh eﬁeen%[%o%g%:eunqélnrfﬁ)’st) fdang . the first
surface is a flat surface and the second surface is ac?j%%pﬂ;bol#)i d surface
havi ng P Iieduelaki s NIEROVSH erdie @ e SREMEIT 1P ST THE 1956t Hrf ace

obliquely. Mreover, the nulti-segnent |enses disclosed in Patent_ Docunents
3 and Parentddmiqmesntord wel i tare weskErd ifghit Ys8 FitdhdHoidrttyl ene s
di scl osed as the lens material. Mreover, Patent Docunents 3 and 4 descri be
pr epar inggttheramd t iarse grente therises s idijsectdsad s dilrg.1ef0011] I n the
collecting lens 101 of Fig. 15 disclosed in Patent Docunent 1, the

rotati gpaler@ds. Crrddiehy perthalwimbaundrace 3 2hd it eteseatiod he normal |ine
H of the flat surface 110 obliquely, so hyperboloid surface 120 is not

10 T e T R 61 and the ol & Tor the ol |ecting.
lens 108, i fif i cult, 9, Prepare. g oty @ BN L5 ngs & NG e i ke.
Patent Document 1, the rotational axis C of the hyperboloid
surface 120 intersects the normal line H of the flat surface
110 obliquely, 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 hyperbolcid surfaces 121,

122 and 123 are not rotationally symmetrical relative to the



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

surfaces 121, 122 and 123 are not rotationally %mretri cal .relative to the
P625193Gic%al L inemd! iplhfthehd FatatSWihdcicd 1010, Thiss 3% Hicss

collecting lens 101 and the nold for the collecting lens 101 difficult to
pr epar edhl edtiary Feorsnilfg weichghe Imalte for tthe 199deleqoeER T ef%r e, when
preparing the collecting |l enses 101 and nolds for the collecting | enses 101
of Fi g.dilf¥F jiandl tFitgs .p ki an byl 6Bty e otrhiench yyseirisp leoi I the faced1€120, 121,
122 and 123 or curved surfaces corresponding to these hyperbol oid surfaces
120, 121,kd22 and 123 nust be forned using a fabricating nachine with

mul tiaxial control, by bringing only the cutting edge of a sharp cutting

tool 13Qyy4h a RARE JAddIS il Gl d B R NI ITRdi Uy 1inded evgni crons

into point contact wmth a work pirece 140 and cutting it with a very fine
pitch as sho in Fig., 18, e pi [ hase il d or

form ngarfcﬁén O\(,:%  ectli %ghel' ecr?sl-Elheoclt\,%'grelcétrTes;C/e',as (jz)irAOQLa %ﬁa?el%at erial for torm ng
the nol d. Consequently, th rking tine for prepar.i t caoll.ecting | ens
101 or *%fe arﬁﬂscﬂ”:f%ra ‘Te]'ed:t%%\gwpeeﬂ%ofﬁlq f%%cor?gel(f‘,rbg i nlt(;b(rale‘agidnzg atrhcg cost
of the collecting Iens 101. [0014] Moreover, in the aforenentioned

mul ti - SEFMaft TBES THE AP ERTRRIKIGH dRFhisas sy ol oi d
surface intersecting the normal line of the first surface obliquely, and is
not rotsatifomad yiaymiglr,i ded2 rasicatliate musth e dormmad |Usiadfa t he first
surface, making the nolds for the nulti-segnent lens difficult to prepare
by rot erapdiaratdingy usidigire hattte norl tieexidlkezontrol, by bringing only

the cutting edge of a sharp cutting tool 130 with a nose
radius (also called a corner radius) of a few microns 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.



P625193 [0015] I n addition, the axicon |ens disclosed in Patent Docunent 2
cannot focus light rays incident froma direction oblique to the direction
of | enF&4ildhess on a focal point. That is to say, the axicon |ens
dlfflosed ir Pat ent Docunent 2 has a different purpose fromone such as the
collectjn ens 101 djscl.osed i.n Pat.ent cument 1, whjch focuses |ight
rays i nﬁ:ch]eﬁ”ﬂt at Gh B (HE 3PSO eI‘r"oigcec{ll(squla Sesdur nac%aqﬁ%) onga
focal point F, or in other words fromthe collecting | ens 101, in which the
opt i calDasumenthteresswiat theeus ridcthtorkaofs Ijé”’r%ldterﬂtcléﬁ?é?‘é% oI YY at an
angl e). DI SCLOSURE OF THE | NVENTION [0016]1t is an object of the present

i nvent iairl, iquw oip wase dbvecdpierh iaf |light tdtianeseaoms ffadugidtabove, to
provide a collecting Iens and multi-segnment |ens whereby the occurrence of
of f - axithabeiry ald ansy Cathdeusippr dssed dierlassicdhgin Retderit Ddginerftald i ng
obliquely on a first surface fromthe outside, and whereby costs can be

reduced,5d 0017 e Gl | RGHHIME |8 Wnd hRudi eserdhd nEidaningclaides a
first surface and a second surface. The first surface is defined as an

opposi t@f%f?@%ﬁd ti*}f ﬁé@éxﬁ}ﬁteﬂc{kgﬂeerpé i romidie sesend sudace-aykhe second

surface has a lens surftace. ns surface includes a plurality of |ens

function suyrfaces. Each of the l.ens..funct] syrf i i s part of
a side ]ﬁqtﬁjfé%é o%: SOt 1t Oloen |Ongthoen2flo¢gkel Sp a}ct:%l (aé:clgarslcess.% p%%?i%@l ar

normal line is arbitraril P62519
on a focal point F}lor in oéﬁer words from the collecting lens

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 outgide, 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



selected fromnormal |ines at respective points on the first surface. The
particul ar normal |ine crosses one of the lens function surfaces. The

parti cHS It nal line is not parallel to a central axis of the elliptical
cone corresponding to the lens function surface crossed by the particul ar
normal |ine. The central axes of the ellipti.cal canes are.not parallel to
each otsr?elr?‘:.te[cgmr‘f ﬁ“ﬁwagl ?ﬁl}eegctal IS I RS roé'bltglet haltr%n angl e
formed by the central axis and the particular normal |line be greater in the
el i ptitHiashe e &PFHIEHGE QAW s FHRASHF ST &fe B6cdtSEF furt her
outside of the collecting lens. [0019] This collecting lens is preferably
def i nedfustal dfr esnefladesns G Pk pluwdread inormsfl tlHad drfs nly fosgesllel

[ 0020] This collecting |l ens preferably has a plurality of the | ens surfaces,
and a aenta aderdtensl siwifsacer |theatedd dipwiarad famma tdver qEspraaldimg dfo tthee | ens
surfaces. The central lens surface is defined as part of an aspheric

sur f ace ofs Whirtdt i AT R L hangre C Bt ithooysinti Alspesidimanarirad. line is

sel ected arbitrarily fromthe normal lines at the respective points on the
first sydqcg,the SRECIdd GHIOTM; ddiNe 1CTRIRES L1 ffntyAlall1ens wyir f ace
correspondi ng to the aspheric surface. The specific normal line is not

paral | el 10 o%r}leq:xi s of symmetry of the aspheric surface. [0021]In this

col | ectelaﬁ:g I'ens,” t'he aspheric surface is preferably a hyperbol oid surface.

[0018] In this collecting lens, it 1s 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.



P625193 [0022]In this collecting lens, the collecting lens is preferably
made of golzethylene, and the first surface is preferably a curved surface
that isF in the opposite direction fromthe second surface. [0023] The
mul ti-segnent |lens of the present invention is a nulti-segnment |ens

I ncl udi a plurality of |enses assenbl ed gn a single surface,. wherein each
of the ch(??s?e]s i's %rheell%ff%rceﬁgrﬁcftoﬁ%%c%ﬁ'ectt %gccfsjeln‘%c.tléﬁ EFBESCRI PTI ON OF
THE DRAW NGS [0024]Fig. 1 is an explanato&y drawi ng show ng the geonetric
shape d@refrrably dadnd sl ustiopsag maitd the firstspriaqe ip
cross-section of the collecting | ens of Enbodi nent 1.

preferably a curved surface that is convex in the opposite

direction from the second surface.

[0023] The 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. 3 is an explanatory draw ng show ng the advancing paths of the Iight
rays incident on the collecting | ens of Enbodi nent 1. Fig. 4Ais a
rough cf®%%L3%ction illustrating an applied exanple of the nulti-segnent
| ens of Enbodinment 2, and Fig. 4B is a rough bottomview of the essential

parts of an applied exanple of the mul t | | ens of Enbodi ment 2.
Fig. 5is anf plahﬁtdtg? ‘H% %H%‘625H¥t t he

coIIectlng | ens of Enbodlnent ) Fig. 6 is an explanatory dr awi ng
show ngEwbrdygesHet4i ¢ shape of the collecting | ens of Enbodi ment 4.
P625193 Fig. 7 is a cross-section of the collecting | ens of

Enbodi ment &£ig. 8 idrian &plsarataxpldartiory sheaming Stowdpitdieaadvanci ng
paths of the light rays incident on the collecting | ens of Enbodi ment 4.
Fig. 9 pasciah expmnd bt draw nhshisiem gl hod lefctmmpflastdrdmg t he
collecting | ens of Enbodi nent 4. Fig. 10A is a rough cross-section
i1 ust g dth@appl i ed exanple of the nmulti-segnment | ens of Enbodi nent 5,
and Fig. 10B is a rough bottom view of the essential parts of an applied

exanpl e of tﬁ¥§]“5tfésﬁﬁﬁg¥gléﬁagbf§ é%g%¥ﬂéngﬂo§&ng 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. 11 is an explanatory drawi ng showi ng the geonetric shape of the

col l ect ng | ens of Enbodi nent 6. Fig. 12 is an explanatory draw ng
showi n od of manufacturing the collecting | ens of Enbodi nent 6.
Fig. 13 is an explanatory drawing illustrating the principles of a

conventi onal_ aberration-free |.anatory draw n
showi ng t he fgebnetd i %ﬁé{p&farf%égré’olqr&“ﬁr%bq er‘?s ef%r}’lzgr%pcﬁarrent y' ]
Fig. 15 is a cross-section of a coIIectlng | ens of a conventional exanple.
Fig. 1emnufactyning v dyomed PFredshal eSO iBie ftidiiAIS exanpl e, and
Fig. 16B is a cross-section of a Fresnel lens of a conventional exanple.
Figs. 17A through 17E are outline drawi ngs for explaining an axicon |ens.
P625193 Fig. 18 is an explanatory drawi ng of a method of

manuf acturi ng a FresselMOBRSFOR @ARRNVEGTOWHalIHE XENENT ION

[0025] (Embodiment 1)

The collecting lens 1 of the present embodiment is
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
gide 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

10



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0025] (Enbodi nent 1) The
coIIecting |l ens 1 of the present enbodi nent is expl ai ned bel ow with
referenf®2®d’Figs. 1 to 3. [0026] The collecting lens 1 of the present
enbodi nent has a lens surface 21 that is formed of a second surface 20 on

the opposite side froama first surface 10..1n the collecti.ng lens 1, the
opti cal 23xi s E(ari:cdﬂ Vﬁﬁ}dﬁal iérﬂcﬁ s\épcrhseﬁenelsdidreefn eéiﬁ %5¥ qr&?ssjf‘% ckifess
(vertical direction in Fig. 1) obliquely (at an angle). [0027] Lens surface
21 is ndtecehior af plemal teicHresens function surfaces (inclined surfaces)
23. This lens surface 21 is divided into |lens function surfaces 23 bounded
by virti@ad28hces MP, thvhi chl teosing hkews rect ¢arh ofenensundl tknessr fagr
formng different angles with the virtual faces VP. Froma different

per specti ves BSruddWHE i Paft gof 25 hé hei de condf sar f @t ear? 0 51 tet Dfal heone
collecting lens 1 has a structure such as woul d be obtained by stacking

layers 251 and 252 On €hd hesrwhdel DieOHNe: ViKd Uddspacei WP pdidte shrection
of I ens thickness, elimnating the boundary between | ayers 251 and 252,

ol e eene o, o iber BB eianoLles siyslolete T o

face VA Dol erl 2o dplil Nt A& 25t OGRS AT S 5L TOP e | 818 LI CKNES Sor
the elliptical cone 30 is not parallel (is oblique) to the
central axis of the elliptical cone 30 corresponding to the
lens function surface 23 crossed by that particular normal
line, and the mutual central axes of the elliptical cones are
not parallel (are oblique). The apex of each elliptical cone
30 here is located on the second surface 20 gide of the lens,
while the base (not shown) is located on the first surface 10
gide. Moreover, the central axis (not shown) of each
elliptical cone 30 intersects a particular normal line at each
point on the first surface 10 obliquely. When the direction
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

11



[0028]In the collecting lens 1, each lens function surface 23 is forned of
part of the side surface of an elliptical cone 30, and out of the nornal

| i nes &t62MeP¥ espective points on the first surface 10, a particul ar nornal
line crossing the lens function surface 23 fornmed of part of the side

surface of the elliptical cone 30 is not parallel (is oblique) to the
cent r aldisatism e 1@ picnath @30 Writes pdithshg o % | ens function
surface 23 crossed by that particular normal |ine, and the nutual central

axes ofcaledldriptlias coressharlentotf yertdldrelsyrdre o3 de)formes ffex of
each elliptical cone 30 here is |located on the second surface 20 side of
the | enssroMufl eHehes ilvhs esy(rfatces dfivan iesl 1liggaiteed. @rorten e f iafstwhsugtf ace 10
side. Moreover, the central axis (not shown) of each elliptical cone 30

i nt er seglesc & darddd@roaiilsdddirl aurgrde PO Midn dthetd Nensw face 10
obliquel'y. Wen the direction connecting a point on the first surface 10

and the,poidy JWehe g PHIY GHAM)NAIRodduiR n thal NG Lhasses the

| ens function surface 23 is specified as the direction of lens thickness in
t he col| ect.i I 1, t-he di.recti | o ' ar l'i ne at
each po%ontSIOJ]negt%fgr}%er S%Olrslluercf%icn f(?(}f%s%l’he%qﬁ% :Eglce?iacg%itg#g éar%%[ ﬁckness i f
the first, surface 10 is flat surface. Because .the firs surf%_e 10 is a
flat sURtiete it quaecis (e icﬁgfﬂcetﬂsori Gt 1T S S RIS Y t he
central axis of each elljptical cone 30 intersects the P625193 direction
of | endhehiadiarasergyiqnask¥irtaals £39¢ (e 16013 &lENTy IBHS 1R RS ens
function surface 23 is forned of part of the side surface of an elliptical
cone 3Q0iofe wii dmtapmedtsi drodemttactarn twee sdddamid aadr faee 23 &i de of the |ens
1 and of which base (not shown) is |located on the first surface 10 side of
t he coldeetdsipridngy ko ane tlascdntrrcalicaxisimdfacds A3 iant erigdetrs stifte
direction of lens thickness obliquely. The aforenentioned virtual face VP
is a plagneantaing thedd ne of intersection between two el liptical cones
30 corresponding to two |l ens function surfaces 23 on either side of that

vi rtual; gl ane VP'MCII%Q%%M\{Dra@P\é@fglear‘fcﬁ%de HyPriRd dvhdihe eentd alngaxi s and

the particul'ar normal line 1s greater in an'elliptical cone 30

ding t.o a | f unct;i.on surf 1, f ' f th
col | oot it A q00sril Aok 3 Rl e A PR TG T aye

advanci ng pat t ght rays

are shown with fjne solid_ines and arrows given_the firs ur.face 10 as
t he iruﬁﬁrgﬁﬁH9ﬂ§§Q§h&xiﬁb]§%EbﬁHH§ﬁFfﬁbéﬂﬁﬁgﬁ§aEﬁ%qﬁﬁFﬁﬁ¥§§iﬁﬁ%ﬁ§f In the

collecting lens 1 of the present enbodinent, as shown in Fig. 3, light rays
i nci demuten deheff ithsy asdrliesdd "D Y9 mla direction that intersects the
normal line of the first surface 10 of the collecting lens 1 obliquely (a

di rectil@®3ttat i MreSiect $ .t Hdaiademnicadmoapatdis athitdlendsohdt naws @319 ecti ng
l ens 1 obliquely) are focused on a focal point F (FO) on the second surface
20 si deshefwrt ha teoldient iged ddknsinks larghtarrayss igicietentheorf itrttee faurstacgur f ace

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
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P625193 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 tHE25AY active i ndex of the medium contacted by the first surface 10
and n2 as the refractive index of the lens material, this becones:
[0031][Math. 1] sina 2 n, - sin al n2 [0032]according to Snell's law. Thus,
i n one lexamlan dndikersd lectliengul ems tedfrathedpréesehe Emedi semtacgi ven nl
= I1 if the mediumis air and n2 = 1.53 if the lens material is

pol yet hyl e t.h j . = (2, = . : | Gt i ens 1 of the
pr eisen[laén%giéil r?eﬁ%f%acﬁzlévleel §"C‘]{%ht%czt ﬁégl ﬁgshgg%%ﬁ%g%?aggegﬂgtﬂrgf ractive
angle a2 at the first surface 10 can be_f ocused on .focal int E.b

confi gufithg 4@t 1%éhs St indna§uFgﬁc€e§§aFF6?{Fpépiﬂe§f Othggi ﬁgdéﬂﬁ{‘f ace of
an elliptical cone 30. This point has been confirmed by sinulation using a

ray- t r &enfqcdlagbhin e [f003d] Isvafiscecdlq ead Ay Penkhe %fifﬂfﬁétb?’ﬁsent

enmbodi nent ,
index of the lens material, this becomes:

[0031] [Math. 1]

SLDLZz 7%

sina;  n,

[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. In a
cross-sectional shape containing one virtual straight line

extending in the direction of lens thickness (here, a cross-
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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
el liptiR&5kbhes 30 intersect nornal |ines at each point on the first
surface 10 obliquely. In a cross-sectional shape containing one virtual
straight line extending in the direction of |ens_ thickness (here, a cross-
P62519FactIal STARH ETHMR I NN ¢ 293l In5dl Khofthand 5%t surface
10), the angle forned by a lens function surface 23 and a plane parallel to
the firstrfagd ddd 10hes anglobtimmerhdhe.a [106084 | ftmatasyl vafieeq $ues of
controlling off-axis aberrations and reducing costs, the inventors

consi defretl & hatarien madeESiel Ha udtaurfel vat whirftage slecadred ssurdlamese20 i s
conposed of parts of a plurality of hyperbol oid surfaces (each being one
sheet ofnsuyperboloid of two sheets) the nmain axes of which intersect the
normal line of a first surface 10 obliquely, these parts of the plurality

of _hyperdpl i d suid aces, cpulchde ARMOHMRIGH o IR diines 11 a

cross-sectional shape containing one virtual straight |line extending in the

directiqn of lens thickness.. [0035].1n h rbol.oid s . ction
of tan %rﬁ%tﬁeoéqsatarécgcﬁwe%uocl lﬁ{g ocnOéat r gtshseygL glcﬁe?lotré i seé{sﬁ%ﬁeﬁﬁe@oa{ttgt i onal
axi s of, that hyperbol oid surface at right angles is a circular cone, Thus,
in a cot éctiargd eSS S t %fp%ecﬁo Sl fAthdS P RFFHREe on
the output surface is rotationally symretrical around a normal |ine of the

i nput K esEaPia & alamaohdly 8 yReFIPIGS TUHfAGHh QrFhdeitsh be

approxi mated as part of the side surface of a cone. [0036]In an orthogonal
coor di rate shesttemfnia thitdesredmial off tare atimatsar ycHd ataipl @axesaPfan origin
and the x axis and the y axis defined as crossing each other at right
?Rgl es v dhhiisitaridatarghd rdrnplanenenkifl e ttherst airsface per pendi cul ar to
obliguely, 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 ag 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

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

arbitrary flat plane, while the z axis is perpendicular to the
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P625193 arbitrary flat plane, the equation of the cone is represented by
the followi ng canonical formwth (x, y, z) being the coordi nates of
arbitra&82pdAnts on the cone, and b and ¢ being the coefficients.
[0037][Math. 2] X2 +y 2 Z2 =0bc >0) b2 [0038] I n a cone represented

by this canonical form_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 c¢ being

the coefficients.

[0037] [Math. 2]
2 2 2
X +y z
~-= =0 (b,c>0)
bz 2
C
[0038] In 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 frustum of a cone obtained by cutting
this cone on two planes parallel to the xy flat plane, it is
not possible to approximate the 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
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line of intersection wwth a plane parallel to the xy flat plane is a
circle. é0039%Thus, in a frustum of a cone obtained by cutting this cone on
two pl aRed>pafallel to the xy flat plane, it is not possible to approxi mate
the aforenentioned part of the hyperboloid surface in the canonical
structure discussed above, %0040 Focusi ng on_t he fact %ga% in the basic
struct uFenEE_Er#beE abotRIFhel PFRESSFET ntRF sELTFON Bt HeenRS hyper bol oi d

surface and a flat plane intersecting the main axis of the hyperbol oid
surfacetbb¢k@©%$yob£i@%ebYIipse, the inventors conceived of constituting
each of the plurality of lens function surfaces 23 in a |lens surface 21 as
part of [0bel5i de Bach atensf famceldnpsuchiceode B9 af comi chuapex P is

| ocated on the second surface 20 side of the |lens and of which base (not

shown) isrfgeatedroadtbe 4icsilsutfase(1hsi geoupndot het r£2625198iweat r al
axis of which intersects the direction of |ens thickness obliquely.

[0041] Egagh(behsnfapctigresul {868 23 FSga £ONtARNIOUSe SYHASLE foIARdaDY a
collection (li1ne group) of straight Iines 40 (shown as broken lines in Fig.

h
1), an i gl o] i I Jat [ i 4 i th
I?ne g?%%gg?i g?s%%% %€£?ﬁ%h§g£§g o#ot %kg%%fggg%?%gge eé?f?%%:gglugonee
30. Thus, if the layers 251, 252 d 25 t hi t th

hyper bot & & ST f aJc%y% N HR"Appr §<?ﬁ§? e%é%gérg%ﬁf{%?e$hé;llsf§{el%%rf%%rge of the
elliptical cone 30, and in a cross-sectional shqge containiﬂghone vi rtual

strai ghtOt i nBhekt ehlli e i HPYHES f TectdonBf Pens?Thi CxkhessP 1T hiB2Ehne part

of the hyperbol oid surface can be approxi mated by a straight |ine.
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 igs called P,. 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
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
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In Fig. 1, the apex P of the elliptical cone 30 corresponding to the |ens
function surface 23 below the |ower of two virtual faces VP is called Po.
Mor eovefe23 R ¥ig. 1 the apex P of the elliptical cone 30 corresponding to
the I ens function surface 23 above the |l ower virtual face VP is called Pi.
Finally, in Fi 1l the a P of the elliptical cone 30 correspgnding to
t he Ien%XI?]{ﬁﬁSt‘?g%nlréLﬁqTea %Weﬁ%’tﬁf@er&ﬁ@tﬁ%f&’eX/P%)gq%eajtrf d P2.
[0042] I n an orthogonal coordinate systemwith the center of_ an arbitrary
flat plidhRe RCEMIRGRE Pl Her s ARSI M AheRe Hd st RiefGheEde bi sect i ng
each other at right angles on this arbitrary flat plane, while the z axis
i s perpemdlizullarand ¢ Heelardithargodificigrti®e, the equation of the
elliptical cone is P625193 expressed in the follow ng canonical formwth

(x, vy, god=i ng theatdoorxi nates of arbitrary points on the elliptical cone,
and a, b and c being the coefficients. [0043][Math. 3] X2V2 Z2 - a2b2

2 2 2
X y z
S+l -2 20 (g#b awa  ab,e>0)
a b ¢
[0044] In an 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.
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
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=0 (a b and a,b,c >0) [0044]In an elliptical cone represented by this
canonical _form the line of intersection with a plane parallel to the xy
flat pﬂ%ﬁ%ﬁ%%3an 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 coordinate conversion on,.an _orthogonal
coor di n%c?]%res%cf%%i &ho t‘éﬁel sa%%nca’ﬁd)q k?eu]@faa%ﬁ sg\éspseetﬁoﬁ od i ehsltnrkz?gpl ane
perpendicular to the direction of lens thickness (here, within a plane

par al | €h& FaHeF] Qs J{Unedel D) S WP Ih e > i@ ieT]i]ejcPtiliFatlheCpcﬂ?er ection

of lens thickness as in the orthogonal coordinate system shown in the | ower
| eft of3@i.gs Thatt 853, ofo thisecdByrddsicgngracs géwosheko§daal tésor di nat e
system [0045]1n the explanations below, different synbols are assigned to
t he t hredel ihtf ferlentored 13 ot icoalrecpoeslid3d itp the cehlteefli AgnlsefsinttoonFi g. 1
for purposes of convenience. The elliptical cone 30 corresponding to the

centralgl.eng.d unct 190 SHd acs-wddshEld &b alld Mdifaln cong 3Qh,s the one

corresponding to the lens function surface 23 closest to the central |ens

function syrface 23 is sza?]l dellipti clall cone 3nO]1L:.Oandsutr aoenezt %6825193
correspfgur{tﬁ N FH 5T Fuctd o Stirtce ST D ST the Tent ral
| ens function surface 23 is called elliptical cone 302. That is, of the
el |'i pt i< 18birdst 30 igtHercqnfan She PP pPECEFP goné"Sé)OOéoF?@spondi ng to the
central |ens function

elliptical cones 30y, 30; and 30, are called apices Py, P; and

P,, respectively, and the central axes of the respective
elliptical cones 30y, 30; and 30, are called CAy, CA; and CA,.
Thus, the apex of the elliptical cone 30, corresponding to the
nth (n 2 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 30y, 30, and 30,
with apex Py, P; or P, as the origin and central axis CA,, 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
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surface 23, the one corresponding to the nth (n = 1) lens function surface
23 fromcentral lens function surface 23 is called elliptical cone 30. The
api ces #2299 of the elliptical cones 300, 301 and 302 are call ed apices
Po, P1 and P2, respectively, and the central axes of the respective

el liptical cones 300, 301 and 302 are called CAQ, CAl_and CA2. Thus, the
apex of9t¥RR ¥ iptiThteTome 3R of s I FFIR G he M HYS 1) lens
function surface 23 fromthe central |ens function surface 23 is called PR
and t heckmeinaxdienofl (4 shels igtdwale corfe W -thiee @&l ] iaf iGaR

Ot hogonal coordi nate systens are then defined for elliptical cones 300,
301 andc:@&0: vid @ h EpexorRo, cRtrempdRliagy tthe tdrd gientared clerts dluresd i0rCAR, CAI
or CA2 as the z axis, and with the x axis extending in the major axial

di r ect in-fdk tde i adisldd d1e gi il add 3, eeheonnefl coheegbbingsag n a
cross-section perpendicular to the z axis. The forrmulas for elliptical
cones 3Q0,¢130h and 30z Ccah IS Re exprassaet Dudditiedatdon (Garpcal
form given above for an elliptical cone in each orthogonal coordinate
system:. [ O 14 | ens having e en u i S .each f d of
part of hcgaﬁgégie esltr}r acedag’f CtaC!r%{eeﬁdﬁét ?cr:lgl [Eg%ng%oggs&%%%é%%g%g!E\(/De(r%rhg'ss a
collecting lens 1 of one exanple. In the col.lecting l.ens 1 of_this exanple,
of the lter{%eefelﬁ}cﬁlﬁrics rf@ocr?e?%&uﬁ eror?élqccscfrcfeesfproo&‘ﬂitﬁlglﬁ SHHECemTal | ens
function surface 23 is called elliptical cone_300, the one corresponding to
the | erf Fuftb € 10r BT SFF Pt he LButSEdEO3E SERIBISTFPEcE PE EBiFed
elliptical cone 301, and the one corresponding to the |ens function surface
23 f ur tehemmet sicdersy gmithias SUYe awecdimyime g i@ ranqeptti clecdie@ 302. In the
collecting lens 1 of this exanple, given 3 mmas the nmaxi numdifference t
(see Fiaf the cfeddrel seodisdtes 0 aoel 200 lared pdleret hwiltdner widfireactriefa acti ve
index of 1.53 as the lens material, the coefficients a, b and c in the
equat i gmdesarmmicas fayr heofl diie rafteramant inredRiffiipdicals cond kaye t he
val ues shown in Table 1. However, the prior conditions for determ ning the
val ues { or, the CRRIHIGEN S RNk ANE Frdhewn dHy Tl nkai@ddat the
incident light rays are focused on the focal point F at an incident angle
of 45, wit.h 1 t i stan ( . g.. f an iR ane |

par al | eq%llro{)ttj]%eamc?%e fsil% aicel'laelgl%o%qleti%%ﬂ eléltli)rr?gﬁ%g]nls° lto gfe%le'f erence
'Plhgnl?i g{ealplreilort %c}n%%tfilo%%t fsourr fdae%%r]m%n(iln% ttrl]lles v% s1.1(:"e’s aderl E}:%ee parallel to

coefficients a, b and c 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 Py, P; and P, using an
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surface 10 and containing a point separated by only the aforenentioned

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

t hi ckneB&2¥¥%n the position of the apex P0O). The relative positional

rel ati onshi ps of apices Po, P1 and 22 can be expressed for exanple in terns
of the coardinates (X, .Y and Z) of ices Pq, P1 and P2 ysi P625193
o1 t hogdteh ST rrA e Sy S oy TG b adle 1t BBt Ho Riol Yt | g

lens 1 as the origin, with the x axis and the y axis bisecting each other
at ri grﬁolelrﬁﬂfe@%glqr}fe I ey el Iivoitidihitdy the¥scandditit ¥, and the
Z axis specified in the direction perpendicular to the inmage plane I. In
this exams éReEctig 7Ecl),othdi0)at 2light -BHrHFs Gn GM0)imeRe plang 97, 0,
6.05). P625193 [0047][ Tabl e 1] Lens function surface Coefficient a
containing the focal point F, and the Z axis specified in the

direction perpendicular to the image plane I. In this example
P, = (-6.78, 0, 7.00), P, = (-5.63, 0, 6.40), P, = (-4.97, O,

6.05) .
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Coefficient b Coefficient ¢ Elliptical cone 300 0.16 0.12 0.03 Elliptical
cone 30&6.265125533 5.42

[0047] [Table 1]

Lens function Coefficient Coefficient Coefficient
surface a b c
Elliptical cone 304 0.16 0.12 0.03
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 0y 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 CAg
crosses the first surface 10 with the apex P, 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 8, have the values

shown in Table 2 below.

[0049] [Table 2]

0o 4.08°
0, 14.58°
0, 19.62°
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3.04 Elliptical cone 302 5.19 4.76 3.22 [0048] Moreover, in the collecting
lens 1 of this exanple, given 00 as the angle fornmed by the central axis
CAO of R4®SIA3 iptical cone 300 and the particular nornmal 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 the elliptical cone 301 and the particular normal |ine
H1 of the first surface 10 at the point where the central axis CAl crosses
the firkrosurfacatlCan the saren Firas Tabd eord gihat dmd Oz avlilestdmg e f or ned
by the central axis CA2 of the elliptical cone 302 and the particul ar

nor mal 1dme 1H2 tfe therdidsias wdmed 10t dfheheoiffitrashene fidve central axis
CA2 crosses the first surface 10 with apex P2 as the origin, angles 00 to

02 havetdigs Ma ues shown,ddt itablfid el ow (D049 [phaklia A1 0 the
central axis of the elliptical cone 30 corresponding to the
lens function surface 23, and that the central axes of the
elliptical cones 30y, 30; and 30, are not mutually parallel.
[0051] 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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4.08 01 14.58 02 19.62 P625193 [0050]1t can be seen from Table 2 that in

the collecting lens 1, the particular nornmal line of the first surface 10

crossingeas51lehs 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, 301 and 302 are not

nut ual | yapafadtering 0051 | vk kevkeing i teran er seetP¥d ffTapt®e 2 that in the

collecting lens 1. The lens material of the collecting lens 1
can be selected appropriately according to the wavelength of
the light rays, and can be selected appropriately from
plastics (polyethylene, acrylic resin, etc.), glass, silicon,
germanium and the like for example. When the wavelength of
the light rays is in the infrared range for example,
polyethylene, silicon, germanium or the like may be selected,
while when the wavelength of the light rays is in the visible
range, acrylic resin, glass or the like may be selected. The
material of the mold is not particularly limited, but phosphor
bronze or the like may be used for example. When a mold is
used to form the collecting lens 1, the lens can be molded by
injection molding, compression molding 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 crosgssges one of the lens function surfaces 23. The
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collecting lens 1, the angle forned by the central axis and the particul ar
normal line is greater in the elliptical cone 30 corresponding to the |ens
functi o®psuk3ace 23 located further outside of the collecting |lens 1.
[0052]In the collecting lens 1 of the present enbodi nent, the respective
shapes of the plurality of lens function surfaces 23 in the | ens surface 21
are deRabeniat masnal ghing ifed19th RRE UL S tlifth EaHtER hidigtrRE vi rt ual
straight line extending in the direction of lens thickness. Thus, with the
col | ecttilngy ¢leniotliadl tdmneris amreampdiding ,ta Hed densfifratel 21 or a
curved surface corresponding to the |l ens surface 21 can be formed by

angl i ngsuieaeutd3 ngrddd net athey epdr e awrdoiadc el i(ree baskhenateartizall f or
formng the collecting lens 1 directly, or a base material for formng the
ol d), and i NG 1he i de sedace ofatdgdiadel Mo ddde somact to cut
the work piece. As aresult, with the collecting lens 1 of the present
embodi ment; d b & M’ 4 rsgdg%ﬁeeggﬁecﬁé B LAk dD Jorde e Mork piece

with the cutting too en P6 93 manufacturing the collecting lens 1 or

a nold for the collecting.lens 1..The l.en r-i.al . of t. | ect.i | ens
1 can baebesreﬁaecjtoenc? é“’glpernoﬁgsilaﬁgellyncalc%eél?cdilnl&ﬁftgef{%el l\%}ag{/ éﬁbelnlrg}ﬁheclg%‘ qu‘h eékpilgght
rays, and can be sel ected appropriately fromplastigs (pol yethyl ene,

acryl i e FUAES ,1OgI§’§§',P @qpicﬁﬂ:rﬁl%eer r‘?d{a diR Y% qci%:eg ot etg}?anpl e.

When the wavel ength of the light rays is in the infrared range for exanple,
pol yet Ifalemet gl ilese geringhiumsate aaedimeihe dét &di%d, whil e when
the wavel ength of the light rays is in the visible range, acrylic resin,

gl ass arolilwediirke Ieme He ddicecirarl.e Trermest drv diheofcarieraplakiis anst
particularly limted, but phosphor bronze or the |ike may be used for
exanpl ehdterrta dailatd irousad timd dramgdeesf caeldlactgregatdeansinl ,titehe | ens can be
nol ded by injection nolding, conpression nolding or the |Iike for exanple.

[ 0053] Ehe igalileat idighd ets dbrdfeddihdinrpant terdbadineruras il Qidredabove
includes the first surface 10 and the second surface 20. The first surface

10 is dof ined a5 A Anp0side Sud age fe Lol ekt ngdeens 1 from the

second surface 20. The second surface has one |l ens surface 21. The | ens

surface 21 .includes a.plurality .of the | ens f t rface .. Each of

the | encs?nf]ful@c"'tria%r%osnm faced 25 Si%sl% S i}Er?ecﬁIl as pa fp IIoef%%ascglled23(:scstulrrfzigeéle&of

correspono%ﬁr? one of the elliptic cones 30. A particular normal line is
I )

ar bi t r &5 et RESTHATICAS nédCat” &95F€ points on the first surface

10. The particular normal |ine crosses one of the |ens function surfaces
23. Thd 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
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P625193 particular normal line is not parallel to the central axis of the
elliptic % cone 30 corresponding to the lens function surface 23 crossed by
t he par?? %1%? normal |line. The central axes of the elliptical cones 30 are
parallel to each other. It is thus possible to suppress the occurrence of

of f - axi berratio when .using incident light falli obliquely on the
first s%?ﬁa%%e b} fp%}hl?'h(} kb%t%‘?cd]ec‘:a nd 1o lrrgcaeulf:seecctoss'?%l 5 néjt%ecetc%qrf ecti ng
lens 1 of the present enbodinent. In the collecting lens 1, the angle
formed 5% N bamasd OB Xaumid tie i (TSN Y i hef £ eferably
greater in the elliptical cone 30 corresponding to the |ens function

sur f aceP S e adreePdimeier dprgaienf wid | cofjkariing leowf igwfation, it
is possible to nore suppress the occurrence of off-axis aberrations, and
reduce tdostsre 005 Amodipral nitf urd hervgsilild heo coldrectssngHens 1 of the
present enbodi nent the lens surface 21 is divided into | ens function

sur f acesc &gtk iy i gt ial adeaces \Mhs Vidiidlatedwescod £r ossa t he
direction of |ens thickness. Each of the |lens function surfaces 23 forns

di fferei-angles Wi dhe sdiritdal iR angss WP.of nid§£ldBCtdnihd @ishtl of
the present embodi ment, noreover, each lens function surface 23 is formed
of part. of. [ i pti.cal, . MAS apex P

| ocat edltgnlét e %éel@n%%%%cag%%el dledegfﬂﬁetlgﬁl%e%%%ﬁ ens 1 ttalfled its base
| ocated on the first .surface 10 Si of_ the col lecti |l ens 1.. And the

cent r al"Hdxt £1°% hi\a‘ é?a}sleptr?agcaelrjt%ln%e% GRS t%ogtglcﬁc? & oif 5t 1 ens

t hi ckness P625193 obliquely. Thus, the optjical axis _intersects the

di r ect BTSSR thikdare S A idudisF ifr%wgcdqheed&qlﬁg v £ gminge
present enbodi ment. Mreover, with the collecting lens 1 of the present
enmbodi rfertanige japgisyich | tledupe deing He ddanaieh cendfrigfytiag o
aberrations, and reduce costs. In particular, in the collecting |lens 1 of

t he prédsewmr emdzadi.nent it is possible to greatly reduce the tinme taken to
work the work piece (a base nmaterial for formng the collecting lens 1
directlpowsla baspraheid,aleddd fiarddalg fde i d)s wWiee iffargd g a

| ar ge-aperture collecting lens 1, thereby contributing to | ower costs.

[ 0055] Mygovely gRChH Mddaln fACa ¥R Ithisetddd 8¢ ahLIRasIdG e direction
of lens thickness in the collecting lens 1 of the present enbodinent,
maki ng it _easi t i e I fLuncti r.f : jer to

adj ust 1t tﬂeS ﬁleiog]ttho ?%%esg%lutt %ﬁ%&@%nt\ﬂhg@%&fﬁ#g%%%&%%er@glse%%ﬂsncussed
above. Moreqver, when .testing the precisjon af |ens sha in the .callecting
ons 1 BET TS SUBE S GHIRATE s Ay S Fe Tan UM 0 SRR by
measuring the angle of each lens function surface 23, contributing to | ower
manuf a®tutinfy COESHag Heolnser ot ting fhe feass ap diswEsad FRYE to two,
and one face or three or nore faces are possible. Thus, the nunber of

vi r t uaMofrgoes VP vingy: e stiimgl éher pylagigiion 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 virtual faces VP is not limited to two,
and one face or three or more faces are possible. Thus, the
number of virtual faces VP may be single or plural.

[0056] (Embodiment 2)
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[ 0056] (Enbodi nent 2) P625193 In the present enbodi ment, a sensor
apparatus of the configuration shown in Figs. 4A and 4B is used as an

appl i edPek@bpt e of a nulti-segnent |ens. [00571This sensor apparat us

i ncl udes package 4 nounted on a circuit board 8, which is a printed wiring
board. This ﬁgckage 4 is made up, of a disk-shaped stem 5, bogtorred
cylindrical BafFls R¥FSRS &£ Ry t%hiLRIWMIPPARFY 19gHt2 % ransni tti ng
menber 7, which is disposed so as to block an aperture 6a forned at the
bot t om &fnfieunspl B s urctFigs. 40 tanhsih tig s AT et [agihtighys. The
package 4 al so contains an el enent-hol ding nenber (a MD substrate or the
i ke forxexamla) &8 dwrtihodebmgnta Jghot oel ectric conversion elenent 2. In

t he sensor apparatus, a cover nenber 9 having a nmulti-segnment lens 100 is

di sposeth@ione sitdes afedder Gpgpaidtwaintt Bides aadkagOvempaniaed. A
pyroel ectric elenent or other infrared sensor elenment or a photodi ode or

ot her | ght-seceinddigy & enpitc1orid he dd ki dorwexaip v Lan berpised as the
phot oel ectric conversion elenment 2 here. Wien an infrared sensor elenent is
a

used as t of oe tyic.co s§.on. ¢ il'q%;k@ggsérate,
ger rnamispuarfg{ga {t%age%garé% ﬁip Iclni\:ga{idsl%e e ys’ztjuesmfe1 ’asdt e
light-transmtting nmenber 7., ln this case, rreover, bqath the stem5 and
cap 6 ocfya]t édkade' ™ 6g.’r &gt e]rsat;ﬁpc%ocfﬁeogqc % ereetr%g’naatrécfiaal, and t he
light-transmtting menber 7 and cap 6 are preferably bonded by an

el ect r i cehty WEHRG Viddratsstaed 7 4 Whddh tiofisnesdd ST ak the 8Tk | ayer,
in the space between the cover nenber 9 and the P625193 package 4 in the
sensor appaettusse famddmressl & Fhredtetitmulch ity 1earert, [058] The
mul ti-segnment |ens 100 includes a plurality of

functions to transmit the desired light rays. The package 4

also contains an element-holding member (a MID substrate or
the like for example) 3 for holding a photoelectric conversion
element 2. In the sensor apparatus, a cover member 9 having a
multi-segment lens 100 is disposed on one side of the circuit
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. 1In addition, in this case

the air layer, in the gpace between the cover member 9 and the
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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 niEm>42> 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 photoel ectric conversion elenent, 2. [0059] Thys, wth the

mul ti - RTEAAE 12t 108 SteR9RF ﬁ%ﬁt%dﬁf%rkrﬁorist 4% Hé¥i e to control
the occurrence of off-axis aberrations when using incident |ight falling
obl i quelnswrpt g fia¥er surface 10 of each collecting lens 1 fromthe
outside, and also to reduce costs. [0060]In other words, in the

mul ti - seyrstit | erBhel 0011011 tdronmres eretnse iyl imentudeas jss gdovsilolt taf control
the occurrence of off-axis aberrations and reduce costs with the optical

axi s i Mmesectiom tdesdivlent i@n ofsirefis tdhirfawess(olddimpled y1abr eover, when
an infrared sensor elenent for exanple is used as the photoelectric

conver sd ofr £l LMBNte i 1dkdul}Sl S &sin )aPRAHBIdEh ilerdss 1assiil eHo achieve an
infrared sensor with a wi de detection area as the sensor apparatus. [0061] A

quad- { e POELPGldi 1 6! 40l g d el SNt (djeaht -d.8gei Vi ng
rned o

el
parts) fo a S|ndle yroel ectric substrate for exanple can be used as

the pyr 091: ]Ze)eﬁc% t{jii n::gniclnefr{sar edi sd e(:{eesc:%;%ngerqrie ﬁsltoe ﬁ}r}c{[et (r]%{geg%t%% a;[lh S iF%ﬁ 20,[% ge?éCh

af or emﬁﬁ rared sensor on area O € sensor

apparatus is determ ned by the infrared sensar, el enent and by t
ol T - St s PR S T OURA 6 (IR el St T e ML 36 ¢ he

nunber of elenents are set for each collecting lens 1 in the detection area
of the Sferfdtr HMEpP@REtaftrin FBETGIPheRRTAIs? cal | ed a detection zone) is
a small range near the peak of the ampunt of infrared rays incident on the
i nfrared@Esor derentwitbhitdte imgilithie sefdfmegtt eersr d F ot ddtedtiggeritnf rar ed
rays froma physical object of detection. In the sensor apparatus shown in
Fi gs. 4Aaiindt becais ednd ikl agimerdndrens tH0 drworgpased fofofdi ght

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
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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 parBR¢zrlAa¥ly limted. Mreover, the pyroelectric infrared detecting

el ement need not be a quad-type pyroelectric elenent, and for exanple it is
al so possible to use a dual -type pyroelectric el enment including two

el ementaf gyengRtieeed \ﬂirrfgraﬁ%ﬁgssaeﬁ%ﬂnréﬂ%% si Mgt WHSE &Rt B Wst r at e.
[ 0062] (Enbodi nent 3) The collecting lens 1 of the present enbodi nent
i s expl@iaezkrbsbowppdtatref erens aoniFigd Wy G063 THeerdshsiansynf i gur ati on
of the collecting lens 1 of the present enbodinent is roughly the sane as

i n Enbagligmntit land’hg, ad entlitig deefiserlt: dfertshel qir.esartusematediaveniordi f f er s
from Enbodiment 1 in the shape of the first surface 10. P625193

Consti tyients el .erei sddatn @it e sale Asudy Bbedidmt sl afe assimgned the
sanme synbol s, and expl anations thereof are omtted. [0064]1n the collecting

Lenses Ll Enpadiyent 5. and 2 sl N lebivl.ene g whe dansmterial,

even W ness the transmttance of infrared rays near

a wavel ength of 10 m crons perpendicul-arly. incident, on the fiyst surface 10
is 409 B 3HE 1 r dhs tﬁcztrftoéj Bgeecalnl1 n{;asl % e ﬁ&einas HicKress zlrofl%er)egssf’es. I n
the case of incident |ight obl ieqa e to the direct | ens. t hi ckness of

i of
the cold ettang Ja8ige Peqprtdiy &k If t%f}ﬁqut%lé%nrf%ﬁweéjx@sﬁ vely | ow

because the optical path becones even |onger than the maxi num | ens
t hi ckndgyigtentheore dliedifipuaschSensbradGRant 4 b @olisedtithg 1 ens 1 fornmed
of polyethylene, if there are |large changes in lens thickness there is a
ri sk ofefSiank imer lkesreduef do datmani rghrinfkagedamhtshe tdrker drisiggalhe cool i ng
and solidification processes of injection nolding, potentially detracting
from exdieraal AppRAanCiodHn. In the sensor apparatus shown in Figs.

47 and 4B, because multi-segment lens 100 is composed of eight

collecting lenses 1, 8 X 4 detection beams are set within the

detection area. The number of collecting lenses 1 in the

multi-segment lens 100 is not particularly limited. Moreover,

the pyroelectric infrared detecting element need not be a

quad-type pyroelectric element, and for example it is also

possible to use a dual-type pyroelectric element including two

elements (light-receiving parts) formed on a single

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.
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[ 0065] Thus, the collecting lens 1 is manufactured by injection nolding. And
the first surface 10 in the collecting lens 1 nmade of pol yethylene is
prefer df4Phatle as a curved surface that is convex in the opposite
direction fromthe second surface 20 as shown in Fig. 5 for exanple. In

this case, the direction of |lens thickness is the n | .direction at each
poi nt JrPtHe FiFLt SRRt 1o wWate ttﬁ'ée ctted@s ng* ?Eé‘@%mb%n% He $resent
enbodiment, it is possible to restrict P625193 the direction of swelling

t o one aF TEFeDrEmE e VML PrObIBHE VPSR IRNS dppeeih@& Dy nmaking the
first surface 10 be a curved surface that is convex in the opposite
directiomtftredn t he second surface 20. [0066] I n the exanple shown in Fig. 5,
the first surface 10 is formed of part of a sphere with a large curvature

radi us [@e&alr ved Jurdrac el Tdvtai risdral dnsotly Viatafr embdilitmedrit nelechmbt2 be part
of a sphere. A "large curvature radi us" here neans a curvature radius that

is | arge oyl farndhand idsteisrface o 4:0 Appearerasviaif lat1 sl face, but
the curvature radius of the first surface 10 nay be designed appropriately

based qn, {hig,d £0s, ¢ adi A ge‘eheg he . Saldactdng lens Jeand 4 heJd ke o f 0067] That

is, if the curvature o irst surface 10 1s designed within a range at

whi ch off-axis .aberratjions do not exceed an allo | val ye Oor-. | e,
no nor ewat*\ﬁeg%el}%t% Og ald fmlpci_lroc%noselpeeclip%einc?lcualar g/ lv}%b c?enta Oq'é t(al’Le £ e.txsq'_rrp

e size © ¢ conversi on el enent ovV€e) 1n the

collecting lens 1 nmade of polyethylene, it is possible to both suppress

of f - axiSHE @& ridt i 'ohst Gnd a&‘cﬁnttre*tﬁ ﬁwm SH Sk e Swel | i ng
even while reducing the lens thickness. In this Description, forns

i ncl uditiy ekrs gsstinangaaes 10 Favihty s of dacdddaite difhta riFus i ace 10
consisting of a flat surface 10 are called flat first surfaces 10. Even a

first sihd atigrdatimrceifl detrisng-Hierkelsexqfl dihredoditdetrieferlane .0 Figs. 4A

and 4E preferably has a curved surface that is convex in the opposite

di r ect inprdavan t thes enonthsidace 2ty RO dd=iod Ieritowl)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. 1In 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
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P625193 The collecting lens 1 of the present enbodi nent is expl ai ned
below with reference to Figs. 6 to 8. Constituent elenents that are the
sane ast¢4rEhbodiment 1 are assigned the sanme synbols, and expl anati ons
thereof are omtted as necessary. [0069] Anobng ot her things, the collecting

lens 1 of the present enbodinent differs. from.ihat of Enbodinment 1 in that
t he sec’%?ﬁtl ngtﬁ%)%tcleor?da ’ﬁa%w B &9 (P G e narﬁ]éa %5'GUte) |ens
surfaces 21. The second surface 20 is on the opposite side fromthe first
sur f acePuRPL1ows (9f EREREEnt2PRe R Shtne kit (hifott Stwd 0 %l4%ct i ng
|l ens 1 of the present enbodi nent intersects the direction of |ens thickness
(vertideg airuwctddreunfaiq. tie)t ol iqprerex (at tde ampaditearilisradii®tting

|l ens 1 defined as Fresnel lens 1 has central lens part |la and a plurality

of (twaEram tttee exsgpide shadeye raig- shaped | ens parts |b surrounding the
central lens part la. The nunber of ring-shaped |lens parts |b is not

particut@ide) | i mMiredhanskdmyl dasHdwee rFipr &, [{HY @ ikach surthahaped | ens
part | b has a peak Il b on the second surface 20 side of the lens 1 (see

Fig. 7)is Thepeakd Ihhas @ 4 igingsurfiace (Nakyd ens-ahfac8)addds Wi ch is

the side surface facing the central lens part |Ia, and a | ens surface 21,

whi ch | he, si sur f a an 0 It [\d : I t
| a. Thuczu,rt\f%fie éslfe%%‘:o‘—’ln% svﬁlr %acae elo]T pcﬁﬁz\;al'—tﬁlergén)e’ﬁ k{Jet(rzrsE glqﬁeéegfg{ qﬂgr]los(4 gﬂff ggre 21

on each ring-sh P .
part gofs aapsep ere6.25]A93“1arge 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.

[0067] That is, 1f 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 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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| ens part Ib. Mreover, the second surface 20 of the Fresnel lens 1 has a

| ens surface 21 on the central lens part la. [0071] That is, the collecting
| ens 1 B¥2%h23 present enbodi nent has a plurality of |ens surfaces 21. The
collecting lens 1 of the present enbodi ment has a central |lens part la
having an innernost_|ens surface 21_of the pluralit f lens, surfaces 21,
and a pl ural T8§ P11$Tgih | eriRE pdte sp?%sesr&ﬁr ¥ thettentral ens
part la. The collecting lens 1 is a Fresnel |ens (which can be made thinner
t han a onRN¢@nRylownd ther ¢ emceres far d IS of the TentfAMStEHEYart la is
a convex surface in the opposite direction fromthe first surface 10.

[ 0072] Ealbdmémns shatf aes 2lhe ssdror el of Emipddametnit V1 ofrd erss famed i e
surfaces 23. Each lens surface 21 is divided into | ens function surfaces 23
boundedsdiye Viydinsl s f aned M LL0ssi digs thieehsecddoromft deehsad hi ckness, and
each lens surface 21 is formng a different angle with virtual faces VP.
Froma giddes _ perspective, as shown in Fig. 7, the second surface 20
side of the collecting lens 1 has a structure such as woul d be obtai ned by
stackin rs 2 i ther,,si f ALt f in the
directi gonég%/]el ensﬁﬂ%@%\%g% Oga}hjg{i%]l n%k?\éaﬁi%nglet%e%%uln asr yﬁg(gft V\@Eél’l | ayers
251 and 252. [0073]ln the collecti | ens 1, | ens function .surface 23
o qor iHE Rt ot CHASHL TR TR et dthed o of g

ace of correspon el ] pti cal

cones 30 (see Fig. 6). A particular normal] line js selected fromthe normal
lines dthe P FIEDetH \REPot htlPDiP PEsFoTY i TSeR it A 1010V
particular normal |ine crosses one of the lens function surfaces 23 is not

par al | eler{s swiacpe)2t o tHe carned WwEed 2hel 91 pthie APRITES0
corresponding to the |l ens function surface 23 crossed by that arbitrary

nor mal dides.fridve trhe Ualroemuaiacexes) of AshelrelBrigpdigentcohest!8d are not in
paral l el (are oblique). The apex of each elliptical cone 30 here is |ocated

on the s@ciodl sxfacenct) Fide)ofoft hellens;imnd dris base (Hotpsdwsmty) | S
| ocated on the first surface 10 side. Mreover, the central axis of each

el i ptigaloione B0 dvtafsad sdarnUd@lod ide @nLant Pgidds of the first
surface 10 obliquely. Wien the direction connecting a point on the first

surface 10 .a 1”1% oIt wher 6.t he norgmal,; 1 £ hat ag&t'rg crogsgs |ens
functi o(r?’]esur rLgace ?Jsﬂ er}/viqne?lg' teﬂe d(}?Birleéctélw'@na{)af | ens t l|c)k'ness In the
col l ecti lens 1, the di tion al th ormal. l.ine at .each point on the
first sut ecc:tjﬂ? i d{erefce]ﬂﬁcgr?so%nﬁ%esﬁéeﬁt %ecrksnelsshaﬁ THE alclrs S durface 10
is a flat surface, Because the first surface 10 is a flat surface in the
col | ecBHF IehS1E GF RIAFridset efyitferdthe et rsiowdki idt9each
elliptical cone 30 intersects the direction of |lens thickness obliquely.
Thus, ishatss deide@ani@ |1énsulr st ineh S e rran o s uriee 023 il f or med  of
part of the side surface of an elliptical cone 30 of which apex |ocated on
t he sedird reuntfeac @2 isigdeslaipdadd drenpaarits dfb vikd clothaset(imtlahionn) is
| ocated on the first surface 10 side, and the central axis of which
i nt er sachs dg dideeddyombeofeHrens dhintddess obl i quel y.

[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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P625193 [ 0074] Moreover, in the collecting lens 1 the angle forned by the
central axis and the particular normal line is greater in the elliptical
cone 3FP&Hrr%esponding to the lens function surface 23 | ocated further
outside of the lens. Avirtual face VP is defined as crossing the direction
of lens thickness. The aforenmentioned virtual face VP is a plane cantaining
the |idens naftterdect iMIFs8tatee it hsve 1Mt ea Gorfds %%Fe?ﬁd}?ﬁi ng to
two | ens function surfaces 23 on either side of that virtual face VP.

[ 0075] llrerfd d. 18s @i Vems euffiagt Slurdraddrel eas:nehe liansuteastr fléce and t he
second surface 20 as the output surface, the advancing paths of the Iight
rays argehown withat iine sild ddlilres iand lanrrovis.ofl ntitchemadmcting | ens 1
of the present enbodi nent, as shown in Fig. 8, light rays incident on the

first sidacenetd fHama gigectign dhated Nt the namal |ine of the
first surface 10 of the collecting lens 1 obliquely (a direction that

i nter S%%])S_Leté}%_rg rnegld an o eﬁﬂ;ﬁ&&@%dﬁin{é}& Gld eCtddit JANs ehs
ely 0 I

obl i qu are cused on a single focal point F (FO on the second surface

20 side of the.collecting lens 1. Light r i hejd i-r.st. . surface
10 at éor?]itnc]iadglr?é’_em%ga\ne%a e Srte:‘_l reglc esdla%ftsaat gjf ﬁrktsttq{séutrp{iglclfea{l Z and a

he. T ofFadaE THIGED o L UM GO Sed by 1 FITE AP Fade ™0 and n2

as the refractive index of the I ens material, this becanmes: , P625193
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
gsurface 20 side of the collecting lens 1 has a structure such
as would be obtained by stacking layers 25; and 25, on either
gside 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

32



[0076] [ Mat h. 4] sina2l1l1l1 sin aln2 [0077]according to Snell's law. Thus, in
one exanple of the collecting lens 1 of the present enbodi nent, given nl =
1if theea®d?3amis air and n2 = 1.53 if the lens material is polyethylene,
then if al = 45, a2 = 27.5. In the collecting lens 1 of the present

enbodi nent, parallel light that has been refracted at refractive angle a2
at the §he sE1esl faeefate chh belho RAEH GH FoTHRY Nt He HyF T IS ng each
| ens function surface 23 frompart of the side surface of an elliptical
cone 30of Tthe hass bbencttont | swethdss s2 il atieh RETRgl L r &S (ki dite)
algorithm [0078]In the collecting lens 1 of the present enbodi ment, the
first susfege déntsan b stirflaces] ek 1dwel ceme al 0 ax@sredpahdied [t cal
cones 30 intersect normal lines at each point on the first surface 10

obl i quel e (i dh & Hinds 1 O YuPREH0F MBdrdd H8d I15y Stravh) 15 e 8a ashemaidt t ed
line). In a cross-sectional shape containing one virtual straight |ine

extending,in the q{\&'ﬁféi Oé%rﬁlﬁéefna?xéé‘i&é(”ﬁ?é dTEIS i BaTrassssessional shape

contai ning a norna I ne o first surface 10), the angle fornmed by each

L ons SRR a0 2 0L 402 s gllel | iyl sheouglacey piscgn obt e

to the gg)rEeStB()sul'I;efrageislolcingat?ecE Ogrghtl.ﬁ/e rsi chnc?nnglrefacePG%?’lsg:?de of the
lens, and its base (not shown) is located on the first surface
10 side. Moreover, the central axis of each elliptical cone
30 intersects the normal line at each point of the first
surface 10 obliquely. When the direction connecting a point
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



[0079] I f the cross-sectional shape of each lens surface is a straight |ine
in a cross-section containing a normal line of the flat surface that is the
i nput SRA4BEL of the Fresnel lens, the machining time can be greatly
reduced because the | ens surface or a curved surface corresponding to the

| ens surface can be fornmed by angling the cutting toqgl 130 relative to the
wor k pi ¥4l40 ad®PUFIYRF ngttt HSsi %ﬁﬁtf%t% ]tﬁn%‘ile t&ieacfélq]ﬁ M5 cont act
to cut the work piece as shown in Fig. 9. In a Fresnel lens in which the
shape dfy edeh dasHsraslurdaice a1 tthe @APUCERYT aamasl o ildhayspter
symmetrical with a normal line of the input surface as the axis of

rotati adm tite iesl kinovircalhatortehed @ raxssresgeiridiimgd tshdpe dfersndhidadrisomsur f ace
can be made into a straight line if each lens surface is approxi nated by

the sidausiidace afodndddisturarefr aaoiaid WS RatennterNo. 4V8AfAAial
(Description)). [0080] The Fresnel lens disclosed in US Patent No. 4787722

(DescrigpldOnR)p i1 dgsdQned S 0T ddfdHEEHd Hilrd@®ion A 1 Pat ent No.

4787722 (Description) describes using polyethylene as the lens nmaterial.

[ 0081] 1.7, ol esnel Lens, ddl il 4418y shapa.Of fach Jiens, Syilage on the

output Surface 1s rotationally symetri nor ma ne of the input

surface as the axi§s of. rotation, off-axis aberratiaqns occur ,if each |ens
surfacé:qrétaafdﬂrt%(i% ed- By Q%el%qed"éges ]Togb}egtfweaeq %ﬁ”scf ue(r:r%clo te{LccagLne. [ 0082]
To resolve the issues of controlling off-axis aberrations and reducing
costs, AFET MieRBEE TG idwt &P (it 199 s 1P BHGACSE et e in whi ch

a second surface 20 is conposed of parts of a plurality of hyperboloid
surf acesiheac s isls mf dietshettusfl £agmpeéfbol oi d of two sheets) the main
axes of which intersect the nornal lines of a first surface 10 obliquely,
t hese para7zslof tHe Hig.ald t wioferhyper Holmhtd surffaacesl Cad dHse iapprtoxi mat ed
by straight lines in a cross-sectional shape containing one virtual
strai ghudiafte exientiangddoddendifea izan 0f diensoutdiuknassace, 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 obliquely) 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 o; are refracted at the first surface
10, and a refractive angle 0, 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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[0083] I n an orthogonal coordinate systemw th the center of an arbitrary
flat plane as an origin and the x axis and the y axis defined as crossing
each ot%@?S%?3right angles on this arbitrary flat plane, while the z axis
is perpendicular to the arbitrary flat plane, the equation of the cone is

represe y the fallow ng canonical formwth (x, y, z) being the
coordin é§26ﬁf arﬁv?ggry oints on the cone, and b and ¢ being the

coefficients. [0084][Math. 5] 222 X + y z 1-)2c2 [0085]1n a cone

repr esensSed b thvﬁ canonical form the line of intersection with a surface
parallel—fﬁ—f%ezxy—+lat plane is a circle. [0086] Thus, in a frustumof a

cone obtgﬁnqglby m&tting this cone on two planes parallel to the xy flat
plane, it is

[0077] 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 alir 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 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-gectional
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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P625193 not possible to approxi mate the aforenenti oned parts of the
hyper bol oi d surfaces in the basic structure di scussed above. [0087] Focusi ng
on the ¥&¢t1%hat in the canonical structure described above, the |ine of

i ntersection between each hyperbol oid surface and a flat plane intersecting

the main axis of the hyperbol oid surface obli ly i.s an ellipse, the

i nvent op%mc%]ncei t&?gc%’?%?ﬁiﬁﬁqﬁfgoréa;crﬁkﬁp? g%epﬁ/atﬁlhllleirbg ogfu]f%rflse ffhct i on
surfaces 23 in a lens surface 21 as part of the side surface of an

el | i ptizxadteokEhB0 Bie vl ch aRse Bt 1Pt RV TR ik SaIMP Uk €0 si de
of the lens 1 and of which base (not shown) is |ocated on the first surface
10 si de;handldtheswetrgal thmd sioftiwhi iciputhtsrsiestes athe bt riectdronl of | ens

t hi ckness obliquely. [0088] Each | ens function surface 23 is a continuous
sur f aceldros nechdymacicildestd e (ddmegrongyt of sddwdeghtbddanes 4hd shown as
broken Iines in Fig. 6), and the single point at which all the straight

l'ines 4Q ki nor i tdie d i @O WL & SeGtrd Spdheiapao Rif 1dies
af orenentioned elliptical cone 30. Thus, if the layers 251 and 252 are very

thin (S&% | r 'Mféﬁ' Il sYrdaGcey qan,be APRFOX Rled by
part of t %%l d%gnsu%aé:oerq%?&lt}ﬁ% e .%ﬁ gaa}% cone 30, and in a
cross-secti.onal shape contajining.one virtual straight Jine t.ending in the
di rection t(ﬁe |"EN tﬁeliecq(ene%@ %rhclgsbrslanr%mp%ﬁi%eofsjt e uyrpéear eolog( e}{s1eurface can

he approxi mated by a straight line. In Fig. 6, the apex P of the elliptical
cone 30'&HS P di Y tPRIRET iRy Cf‘{Fndil'}eogﬂng} REEEDFHANT He Béds5193
virtual face VP in central lens part la is called Pn, while the apex P of
the el 19 ptiltala FHREBO deamresipondiim ttdie HharRn LT AR P uUrTHee 23 above
the virtual face VP is called 202. Simlarly, the apex P of the elliptical
cone 3®rcorlrespommimgunst ddwe 1= tfamiciriadnl ys wyiraes 23 adelvove it e vi rt ual
face VP in the ring-shaped lens part Ib on the side near the central |ens

part | adwnegalllietk B tendddie apef R ofad theeld:tipt icAlraomei 30, it
corresponding to the lens function surface 23 above the virtual face VP is

cal I ed iRn.k it heldPrghe theApeR iddndihesldd pif e aas3Guwardespondi ng
to the I ens function surface 23 below the virtual face VP in the

ring- Slfzegagxegyé %{A%eoa_rr{]td b %fgngfh%'t ﬁigrfﬁalritéﬂeeraé aathe senfdalid ens part la

is cal 11, and the apex ell'iptical cone 30 corresponding to
the lens functiqgn lgyf ace 23 abave the vifrtauagrd‘s%ce VR is call eHJSPZZ.

approximate e ‘s1de sutrface o Uum of 'a cone
Patent No. 4787722 (Description)).

[0080] The Fresnel lens discloged 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 1is
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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[0089] I n an orthogonal coordinate systemw th the center of an arbitrary
flat plane as an origin and the x axis and the y axis defined as bisecting
each ot®et>hi3right 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 i Hgf follow ng canonical formwth (x, v,
z) bei N theP¥Blt Friates ot i Brty fp’%ﬁcfﬁ%‘?o?rlﬁ @144 pt9 "R 30 and

a, b and c being the coefficients. [0090][ Math. 6 P625193 2) 122 X +-Z(a
b and abh,party @f Raplurality of hyperboloid surfaces (each being

one sheet of a hyperboloid of two sheets) the main axes of
which intersect the normal lines 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.

[0083] 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 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

* TV _Z 20 (be>0)

b2

[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.

f0086] Thus, in a frustum of a cone obtained by cutting

this cone on two planes parallel to the xy flat plane, it 1is
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[0091]In the elliptical cone represented by this canonical form the line
of intersection wwth a plane parallel to the xy flat plane is an elli pse.
An el lipéeeab3cone 30 that intersects the direction of |ens thickness
obliquely can be represented by this canonical formby perform ng an
appropriate coordi nate conversion on an orthogonal coordinate systemwth
the x axds peelsiike ytaxdrpspretndtedt e t b prengt bieng rprefes f afh% o t he
direction of lens thickness (here, within a plane parallel to the first
sur f acehyif riantiot dhesur Bxdss specitie dohs ic tderditrect i drsvissehsabdvekness as
in the orthogonal coordinate systemshow in the lower left of Figs. 6 to
8, to thesepy desrgnatEndg HeVelns thwgonshatcont diatearsysiem $0092bret he
expl anati ons below, different synbols are assigned to the six different

el liptigal.cones 30ovd, thge colhechf Nthi &hse de Mn Mbdkwded atadir poses of
conveni ence. The two elliptical cones 30, 30 corresponding to the |ens

surface_ 2 e.c I c i i s 3001,
3002. %l}é&?]\%o%%?pﬁ%fa %o‘%géé %#i%%%%ﬁ%s%%%%lﬁé%%% htgﬁ% er{r%lés)ﬂgurface 21
of the first ri | osest to0.the inner e sur f ace .are called

el liptiTatsc e@%&h@%%@o iﬁ"‘érf% e{%ﬁeﬁ”ﬂ‘? ijcsalar(l:oen%]él S 30"

corresponding to the Il ens_surface 21 of the second ring seco d-clqgest to
the i NMERRREOT PEITIYRL YAk (FPRlel At e 2t &F it ?mlm tone’t 3021,
3022. That is, of the elliptical cones 30 other than the elliptical cone 30
cor r espogm nfunet idre suntreest2d elis sk eswafaghe2k|3s g3l ok oree 30
closest to the central lens part la out of the two elliptical cones 30, 30
corr espaindk ngutfaddeot ens ekuiftaomm Ricaie the of whicly wed)P corinti ng from
closest to the innernost |ens surface 21 is called elliptical cone 30111,

whil e thecetdd pén cathe COReRD dwrthestod romd hef cend riednd ensapardtla i s
called elliptical cone 30"2. In this case, the respective apices P, P, P,

P, P ang, f0fpide g&éé R Gal) cones,300a 3002he 30ddste 301262 3021y and 3022

are called apices P01, P02, P11, Pn, P11 and Pn, and the respective central
axes of _the ellinty 01, s op30 t§03}ileac§"ﬁr 9@12,? Qre

cal |l ed S(:1e@n ’raA%%ﬂsec?éﬁf%O%?l%ﬁfq%f %%Péa@n% CA22. Thus, the apices
of the elljptical. cones 3Qni, 30,2 corresponding to the | ens surface 21 of
the nt I‘P‘ﬁl'ijr%‘%r’g“c"g?rfee%s I—“”qyrfoq‘i ctentral axes of the elliptical cones
30,11, 30"2 are called CA"1, CA"2. Othogonal coordinate systens are then
def i nedl3%#8lel | i i3l Lehdumgpion Fpotac 143 891D, CHHRH SN 3022 with
apices Pn, Pn, Pfl, P12, P21 and P22 as the origins and the central axes
CA0Ll, GADad@AM, o1, byCAR Icqinke AR atl it Fraikes, Ot X 1% helbeaxes
extending in the direction of the major axis and the y axes extending in

t he di rexct (dhiowd ddhémimr hxiess aofn thiey el4) psend nclee s osslsgueimn at
perpendicular to the z axis. The fornulas for elliptical cones 3001, 3002,

30n, 3042 cBQ2h annk 3 r22510an then 4 expiesses the theneggeduen (canoni cal
form given
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. 1In Fig. 6, the apex P of the elliptical cone 30

corresponding to the lens function surface 23 below the
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P625193 above for an elliptical cone in each orthogonal coordinate system
[ 0093] A Il ens having six |lens function surfaces 23 each fornmed of part of
the si d%utface of an elliptical cone 30 is given as a collecting lens 1
of one exanple. In the collecting lens 1 of this exanple of the six

elliptical cones 30, _the two elljptical cones 30, 3 respon to the
i nner oSt T as 3% afe D1 GRREE [RPRIRGYE i alte 6@1'3Ug?Tgmhile t he

two elliptical cones 30, 30 corresponding to the lens_surface 21 of the
first rike apexdRlokdhs |¢btirklcabrRens(d cBUEEPAHE IhEq vinel 1st i cal
cones 30, 30 corresponding to the |l ens surface 21 of the second ring are
cal | ed Blihdtptorcaductimss B0 2hoB8)2hd nwitheuigbl st iVR) iemsalllad Rdhis
exanple, given 1 mmas the nmaxi mumdifference t of the second surface 20

(in thisigeserl}hecthei ghdx of Prakse |4l Bitidel poimd 3 asestedmoridnad poi nt
F on ring-shaped lens parts | b) and polyethylene with a refractive index of

1.53 asd heyd %M&{d@im ther-coef ficigitsy and At al nedde wauation
(canonical form of the aforenentloned elllptlcal cone have the val ues

shown in T V. r yal ues
for thetr}%:og%fr?%l en é@ & ns ]lhovvn in %)J?C{g ar edﬁﬁegtcrgtrﬁﬁe I nc ﬂ%l

| i ght e focu the f poi nt i nci dent gle of

with 16”*Hi§§lt 1d ?Pgnggﬁ Kede p?%ngﬂ? pg%a Fe?a? “the %lrst
surface 10 of the collectln ens 1to a reference ne (the flat plane
cont ai MSHFIFROREINBYL g AT §E RS % TRefirst surface
10. The relative positional relationships of apices 201, Pn, Pfl, P12, Pn

and Pn wartusl destesiRd ¢ oraldbethphe- | nFYEEher®ere hetboorBenaPest (Xbey and

Z) of apices Pol,
elliptical cone 30 corresponding to the lens function surface

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 Pos.

[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, z) 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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02, P111 P12 P21 and Pn, 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 aB@%¥ikecting each other at right angles on the image plane |
containing the focal point F, and the Z axis specified in the direction
per pendi cul ar to the inmage pl ane I In this exarrple POl = (-8.89, O,

9. 00), P% 8.12,20, 8.60), Pil = (-7.08, O, 212 = (-6.59, 0,
7.44), =1 (

_.5”865_0— 7 5ahd, 5 193 0094
[ Tabl e 3]aEenstunc@¥ on (gur f@esgcbef fi il ent& é)kﬁ.l of e§}5 [ ]

[0091] In the elliptical cone represented by this canonical
form, the line of intersection with a plane parallel £o 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
3001, 30¢2. 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 30i;, 30:2, 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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Coefficient c¢c Elliptical cone 3001 0.38 0.28 0.05 Elliptical cone 3002
P625193

lens surface 21 are called elliptical cones 30,1, 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 2 1) counting from closest to
the innermost lens surface 21 is called elliptical cone 30,3,
while the elliptical cone 30 furthest from the central lens
part la is called elliptical cone 30,,. In this case, the
respective apices P, P, P, P, P and P of the elliptical cones
3001, 3002, 3041, 3012, 30,1 and 30,; are called apices Pyi, Pga,
P11, Pis, Pz1 and P,,, and the respective central axes of the
elliptical cones 30p1, 3002, 3011, 3012, 3021 and 30;; are called
central axes CAy1, CApa, CA;., CAi,, CA,;; and CA,,. Thus, the
apices of the elliptical cones 30,1, 30,2 corresponding to the
lens surface 21 of the nth ring are called Pu;, Pnz, and the
central axes of the elliptical cones 30,, 30, are called CAyq,
CA,>. Orthogonal coordinate systems are then defined for
elliptical cones 30¢1, 3002, 3011, 3012, 3021 and 302; with apices
Po1, Poz, Pii, Piz, Ps; and Py as the origins and the central axes
CAg1, CAgz, CA;,, CA,,, CA,; and CA,, as the z axes, and with the
x axesg 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 301, 302, 3011, 3012, 3027 and 30.

22 can then be expressed by the equation (canonical form) given
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0.18 0.14 0.05 Elliptical cone 3011 8.90 7.30 3.33 Elliptical

P625193

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. 1In 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 3041,
3092, while the two elliptical cones 30, 30 corresponding to
the lens surface 21 of the first ring are called elliptical
cones 30,1, 30:,, and the two elliptical cones 30, 30
corresponding to the lens surface 21 of the second ring are
called elliptical cones 3033, 30;;. 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 1lb 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 11lb) parallel to
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cone 3012 7.41 6.37 3.49 Elliptical cone 3021 6.38 5.60

P625193

the first surface 10. The relative positional relationships
of apices Po1, Poa, Pii, P12, P21 and P,; can be expressed for
example in terms of the coordinates (X, Y and Z) of apices Py,
Pos, P11, P12, P21 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), Pg
- (-8.12, 0, 8.60), Py; = (-7.08, 0, 7.70), Piz = (-6.59, 0,
7.44), P,; = (-5.86, 0, 6.75), Py; = (-5.52, 0, 6.57).
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3.28 Elliptical cone 3022 5.82 5.25 3.38 [0095] Moreover, in the collecting
lens 1 of this exanple, angles 001, 002, 011/ 012/ 021 and 022 have the
val ues Btond n

[0094] [Table 3]

Lens function Coefficient Coefficient Coefficient
surface a b c
Elliptical cone 30,1 | 0.38 0.28 0.05
Elliptical cone 30q; | 0.18 0.14 0.05
Elliptical cone 3047 | 8.90 7.30 3.33
Elliptical cone 30i; | 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 051, 052, 011, 612, 621 and 6,, have the values shown in

Table 4. Angle 8,; here 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 Po; as the
origin. Angle 0y; is the angle formed by the central axis CAp;
of the elliptical cone 30y, and the particular normal line Hypa
of the first surface 10 at the point where the central axis
ChAy, crosses the first surface 10 with the apex Py, as the
origin. Angle 0,; is the angle formed by the central axis CAp
of the elliptical cone 30;; and the particular normal line Hi;
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. BAngle 6, is the angle formed by the central axis CAjp
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Table 4. Angle 001 here is the angle fornmed by the central axis CAOl of the
elliptical cone 3001 and the particular nornmal |line HOl of the first
surfaceéf@P a3 the point where the central axis CAOl crosses the first
surface 10 with the apex 201 as the origin. Angle 002 is the angle forned
by the c ntralzﬁggs,CA 2 of the eIIigthal cone 3002 and t e art%cular
normal 95 dd*H e R G F91% > Yar Padet 1D BEF ThE hof it tidr et tR2 Bentral
axis CAO2 crosses the first surface 10 with the apex 202 as the origin.

Angl e @f iEhe Hel gl s fadred byt He'e arinll "Pase AT e eld% sti cal cone
3011 and the particular normal line Hyl of the first surface 10 at the

poi nt Wheeecthesesnthal faxés SAnfaressesvible thesapexrPacesiGh@ith the apex
2n as the origin. Angle 012 is the angle fornmed by the central axis CAl 2
P625193,0fgi:he aldidddeaal Lone 3012 anghd hendps ticthad Herime ddmerdil2 of
the first surface 10 at the point where the central axis CAl 2 crosses the
first surface 10 with t 2 t ori gi 7 5an lis
the angte T ocfAﬁédoﬁnyE]il%eggleﬁﬁgg?g%x?(?%g%10% !ntg hghg:\/?%g? }/ngllla%o%g%g\ggl and
the partjcular normal Line H21 of the first, surface 10 at the point ere
the cenmt™f Txi < Cﬁ%ec%b§§%ss?ﬁ§a??r§9 %Er?%%epibn%ﬁ%%efﬁet%%e§e¥$¥agg t he
origin. Finally, angle 022 is the angle forned by the central axis, K CA22 of
the el 1335 @1 cohesso2 2t AndL ¢ Fet palrt F3%f at 0 ntt Wl ERE naP R 2P 61 2PhEDS 1 st
surface 10 at the point where the central axis CA22 crosses the first
surfacediy t h Rihealdpex RA ead,t hies orhegi amgJOBGIfdAbbe Hle 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°

011 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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001 1.64 002 7.26 011 10.23 On 14.05 On 15.72
P625193

line, and that the central axes of the elliptical cones 30¢q,
3002, 3011, 3012, 30,1 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 1b 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. 1In 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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022 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
surfaceP¥Pi% not parallel to the central axis of the elliptical cone 30
corresponding to the lens function surface 23 crossed by that particular

nornmal P625193 |ine, and that the. central. axes of the elli al cones
3001, IR, SR EuEree chrhekiadRinhe Hete Matadly %{) ch [0098] I t

can also be seen from Table 4 that in the col | ecting Iens 1, the angl e

for med #wyrla weead cul B iorius [nars il edch Trsiure dhea Heme retkeguriace 10

and the central axis of a lens function surface 23 of the second surface 20
work the work piece with the cutting tool when manufacturing

the collecting lens 1 or the mold for the collecting lens 1.
The lens material of the collecting lens 1 can be selected
appropriately according to the wavelength of the light rays,
and can be selected appropriately from plastics (polyethylene,
acrylic resin, etc.), glass, silicon, germanium and the like
for example. When the wavelength of the light rays is in the
infrared range for example, polyethylene, silicon, germanium
or the like may be selected, while when the wavelength of the
light rays is in the visible range, acrylic resin, glass or
the like may be selected. The material of the mold is not
particularly limited, but phosphor bronze or the like may be
used for example. When a mold is used to form the collecting
lens 1, molding can be accomplished by injection molding,
compression molding or the like for example.

[0100] In the collecting lens 1 of the present embodiment
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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crossed by this particular normal line is greater in the ring-shaped |ens
part Ib |located further outside of the lens. In other words, in the
col | ect¥p+¥hs 1 the angle formed by the central axis and the particul ar

normal line is greater in the elliptical cone 30 correspondlng to the lens
functi or’hsurface 23 |l ocated furt er ut si de o thgl1 th| S case,
howevertt® | GrsReTF off (R M SHe™ Tt 8 at |a\/é>aprosjl(iqloa}¥al

rel ati onshi p of lens function surfaces 23 |l ocated at roughly. the sane

hei ght #QBWMt Nelig rgfostitace 1S [Dovd]ion tHerfasla et ifRFMssh<Lh RFT R he
present enbodi nent, the respective shapes of the plurality of |ens function
sur f acest 2he rs iade beumirce 0ff aoe Ul iyt abels crdrised G itsh mty ataggitlldlhes in a
cross section containing one virtual straight line extending in the

di rectitan e |@nsctdll cleniessof Tihes,e Ml ifgt itdeel codrieeXd ngpdmweyepdndifng heo
present enbodi nent, the |lens surface 21 or a curved surface correspondi ng

to the 'dk?@sle%&gfﬁﬁﬂ:tzljorpaéhxbﬁ%éé)rmd:ﬁyséﬁtﬂ|H§J‘1&Hé'l€pacxlﬂ:¢dﬂ&ﬁ Q@ rrd=30
relative to the work piece (a base nmaterial for form ng Fresnel lens 1

directl a \hase er r & ol fory &ol legtdhgd ens) 140
as shov% I?én Fi g ,J%d ijkrﬁ% n%ﬁtggﬂngz}%%% t he side ls#t}?lf ace of the bl ade

into |i econt t.o _cut th wor k I t to reduce the
tinme taken Jtnog ?( ]tehes V\four pjioer%:eS v]\flfée ce%%eﬁcu H%bscto | véj‘ manuf act uri ng
t he coIIectln lens 1 or the nold for the collecti | ens 1. Thelcfg

at ordi ng

mat eri A2 ke cdil & i RS 1R THREGR rOTH RSP

to the wavel ength of the light rays, and can be sel ect ed appropriately from
pl ast i &f {rotiyetabamams i when rissing igreidenty| lhight £341ddlg ger mani um and
the |like for exanple. Wen the wavel ength of the Ilght rays is in the

i nfrar edblriangd f om evbeafl ig;stpaweiand dife,fin itden ouferiveni @ndbrta he |i ke
may be sel ected, while when the wavel ength of the light rays is in the

Vi si bl eedgdange,camry lirc ttasidgllg@asisorldae 1. keammhize dllestteichg The
material of the nold is not particularly Iimted, but phosphor bronze or

the |iked@y ba:maseﬁh 1 RNAEH By Wen cerdmld isciusedd erkor m t he
col l ecting l'ens 1, nol di ng can be acconpllshed by injection nolding,

compr e351,01 Bl 060t held ke, ore cxanle o PA0LI tWhe. coli gatiag | ens 1

of the“present enbodi nent expl al e second surface on the

opposi te m% fro%rgﬁtshﬁsfds{]st surfaceleélachhfale}&t Rl ural ity o 23“1*&%%&{‘ t he

exanpl e aces IeAs “sur faces I ncl udes
a plurality of |ens functl urfaces (two in the ex of . Each
of t he JUteruttsonies wk 233181 s “ﬁsed:l'%’ss é’é?‘cts%qpeaetﬁ Pégﬁ e of
correspondi ng one of elliptical cone 30 In the collecting lens 1 of the
pr esentt hentssivrasnceo@t ¢ s ifohariatieinpndpgrsityy 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. 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 lens and itg base located on the first surface 10 side,
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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 elli%%%]a?3 cone 30 is not parallel to the central axis of the elliptical
cone 30 corresponding to the Iens function surface 23 crossed by the
particul ar .nornmal_line. Mreagver,. t.he cen S of. el liptic cones
30 for rﬁ‘r}% tHe T8RS Furfetio nooés/ uwr}%laéches1 Ita%e? tnsg;%%rreuﬁjléﬁtﬁ%& 18’5% éﬁt e]1 e.qlﬁ t is

t hus possihle to suppress the occurrence of olff-axi s. aberrations when using
i nci derftM1GKgHST A4 IHOBT i qUETYR o FRHERG TR i ace o F5GM (1R out si de,
and to reduce costs in the collecting lens 1. In this collecting lens 1,

t he anglierdarimn Ay hans dentakaiessxiap glie iparthec WAl avdriRg 19nfe i s
preferably greater in the elliptical cone 30 corresponding to the |ens
functi anf sulrd qoee 2t codtcetinfart heMangsiade ofitthdé Heermol llactiinig Migns

possi ble to suppress the occurrence of off-axis aberrations and reduce

cost s in dherolgresddmy dreisd imert0 1G] 180 g idile fud tdheprdss tdie col | ecting
lens 1 of the present enbodi nent each lens surface 21 is divided into |ens

functi Qspfares &3 aunded piddtiaind,aces WRqudd dbgaisdss the direction
of lens thickness, and formng different angles with virtual faces VP. In

t he col jing | t : rrtpdq.]iamg{g 4 (RQAET3, | ens

functi oﬂnﬁgjjr]f ace%%ei]oﬁrdr %gaﬁ{)sﬁ%%aqof the si dlegrgjrfa?éeﬁ% el liptical
cone 30 that. has,its..apex .P | ocat.ed on.t.he second rface-20,. si de of the

| ens arﬁ:dqutsslrt?az%lel éicla{‘%é:}lé)ﬁl ﬁ%ﬁ 1felnrssB:hslucr ace chlfl e:%oej”jbe% and the
central, axis of which intersects the directi.on of |ens thickness obliquely.
Thus, t4&<opt idfaltheiRy §Saidr SR i ingh 3F %S R rﬁocv?f?e“sl@fbm i quel y
inthe collecting lens 1 of the present enbodi ment. Myreover, with the

col | ectdand |lems Fusictiilpn sredaneeodiafshtedsias GoSiiMsE e Suppress t he
occurrence of off-axis aberrations, and reduce costs. [0102] Moreover, each
vi rt ualhefiage Vi itdhespeaditfined tas lcrieds iwihgnt leitdiimerttilen leind eérws t hi ckness in
the collecting lens 1 of the present enbodi nent, making it easier to design
each | enisdugieid ebsy .f aorRs ed3re rgNaiRas iteys thitaadjhes torichd sheirghtf dfertshe
cutting tool 130 when cutting the I ens as discussed above. Mreover, when

testingHpe Aredn edi1afedlny share 1 Bt ke LYl @R mkref, the present
enbodi ment, testing can be acconplished easily by neasuring the angle of

each | ((:t% t‘:)i %Cngﬁ%nﬁ%ug&%%p%ﬁﬁﬁ%h%teg&% | ng, k%gl QUER JTRNY aCIJdrd ng costs.

[0103] ( . . the present ‘e i ment’, a sensor apparatus
g; aErBF g%g:lrl]j ;L%lé%‘,lat iu?%é:sihgﬁoﬂvmtétlirgﬁgleg%'B ,1%%n%q:qb% %nlgs t%xalo%rleqfed as an appl i ed

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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[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-sHfpEdlStem 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 hottomof the cap 6, and P625193 functions to
t r ansmi tUnHel s T d 1l fie dat it kg Yo cditaiiickags 4

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

hol di ngples photrdet isvt rare alenartsiton Gingremmer | (@ HS samsdradhatat us, a
cover nmenber 9 having a nulti-segnent | ens 100 is di sposed on one surface
of the W« cliike rar dexBingd egs 3 O cxoeyl duiagk agehht ok Imatos] e ctarive s iement  or
ot her infrared sensor el enent or a photodi ode or other |ight-receiving

el emente Qdndite 4§ Kerf athee Xl & catpdatissd asdhe pleatest ectidwieprver si on
elenent 2 here. When an infrared sensor elenent is used as the

phot oel gpitr Sl o TN Rspbatld IGon subsirale gerdmni um

substrate or the e Is preferablyused as the light-transmtting nenber

[
7. In this cas no ver,_baoth th th package 4
are pr eterabi y%ooarrrée of” & e Oalctorrvgetrzrtp?aarq]?aﬁ% 1 th I"1°g ot%-lt%Icattn%% tting
menber 7 and the cap 6 are preferably bonded an el ectrical conductive
mat er i &L 6% , :'trﬁetp%erflsﬁfgo}? r?qteﬁberb ace D teoﬁﬁﬁéeé/cooliler nenber
9 and the package 4 functions as a heat insulating |ayer. [0105] The

mul ti - SEgEntld TR S HAL RS ue T walths ok ExpRPd 2 <EhiR%d on a
single surface (a single flat surface in the exanple shown), and each | ens
100a i sisswhpos ecthefphdieadsidtetitd mprivars ibrexlediandd 3 meEfoodihan an
However, adjacent collecting lenses | are arranged so as to overl ap one

anot herinfMdtedaransefr rdlrgresttaped dsenb d<b thet dhwenee IMortedver, each
collecting lens 1 is designed so that the optical axis P625193 (not

shown) RASSes iidH QUEhahSRECIH i 1l -dlaRindtry St ud dsstrate

phot oel ectric conversion elenment 2. [0106] Thus, with the nmulti-segnent |ens

100 Ofcﬁh%H¥%¥%ﬁg is preferably used as the light-transmitting
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. In
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 1lb cut away. Moreover,

each collecting lens 1 is designed so that the optical axis
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enbodinment it is possible to control the occurrence of off-axis
aberrations, and al so reduce costs. Wth the sensor apparatus of the

pr esentP&Hoth ment, noreover, it is possible to achieve an infrared sensor
with a wide detection area of the sensor apparatus when using an infrared
sensor el enent for exanple as the photoel ectric conver5| an el enanatceZ.

[0107] ARRiacERIPY RATE ATV et rich Udh 1 e eremsht s

(light-receiving parts) forned on a single pyroelectric substrate for
exanpl ek dhaehmfak lar the BavErsiqn eliswardr ed det ecting el ement maki ng
up the aforenentioned infrared sensor elenent. The detection area of the
sensor gppetlat us Tisasdetvertdi et by lithie sagmrearted esensid0 alferfdist rreb it t he
mul ti-segnent |ens 100. Thus, detection beans in the sane nunber as the

nunber &fp&]em@i sidare sRisfil each wolded ing lersurkdmed he deitfecti on area
of the sensor apparatus. A detection beam (also called a detection zone) is

a smal | .rangg ealt 146 pealy of1 dhe-mmunte e J nf naned viay sdiyddent on the
infrared sensor element, which is the effective area for detecting infrared

rays f B4 n%*qsgg%'thoebl gcges mCﬁt deheedii e ! 1-1 ! %J@%xﬁeeznsqrt q&@%@éé{%@m in

Fi gs. beca ti-segnen ens |s conposed “of ei ght
collecting lenses 1, 8 dtectlonb vmthlnthe P625193
det ect i'h gaa{:rkb]f rﬁﬂ%r Se(ﬂﬁogct"fln I er‘f’sledse etec'tthlon 52 S?Sment | ens

is not particul arI y limted, however. [010 nbodi ment 6)

col | ectlifify RROT FPtRE Y5t st Uegri*ﬁlﬁﬂla}?erft"lﬂg:s“&’g WF IS Wi t%

reference to Fig. 11. [0109] The basic confi guration of the collecting | ens

1 of example as the photoelectric conversion element 2.
[0107] A guad-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. In 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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the present enbodinment is simlar to that of Enbodi ment 4, except that of
the plurality of |lens surfaces 21, the innernpost |l ens surface 21 is

confi glfetP¥tdom a central |ens surface 2la defined as part of an aspheric
surface. Curvature of the aspheric surface is changes continuously. The
aspheric surface is a hyperboloid surface 25. The rotational axis of the
hyper bIHh HF 6t f&8D5 | MR (He RIEAG 1G9 gfeqsa% & rﬁfu&ai*b%s
obliquely. Constituent elenments that are the sane as_in Enbodinent 4 are
descri bedl i tdearients drans yifbolat  rerek el aariat i 1ot Gefer dwTweitas omi tt ed.
[0110] Al of the plurality of |lens surfaces 21 can be configured fromparts
of elliprical conesn3fdiaseritn @he collecting lens 1 of Enbodi nent 4.
However, when all of the plurality of lens surfaces 21 are configured from

parts of el |1y icsl1«niesy Abnd he dMngtamstedeans emMvddieertl iof the central
| ens part |a contains apex P of elliptical cone 30, making the curvature

di scontdpuols & ddi Sy apeh Rre i ddierebyripking it difficult for 1ight
rays passing through this apex P to focus on focus point F. P625193

0111 trast,, iR the, c | | t - i t the
E:entr!at:gp/qlg%g suffTak%:ée acth?AcrLﬁlciJﬁ[%cla%%g?fllntqwger frlél’)grﬁeiztslhqiaat pﬁe%%g?l: {B;quf | ens

surface 21, or in other.words the central_|ens sur 21la ich is the

| ens smeacpéf‘etﬁer’tmhee'%e?ﬂlr“}ﬁn ens Sdé?]trla\ra,tcfgc tdgfggﬁfnf%oo%r%%% *

af orenenti oned hyperbol oid surface 25. [0112] Thus, in the collecting lens 1
of the FrERnttEbE fft Rivgal ies ShhIlen TEdREESalrerr &fi%ns i n

conparison with the collecting lens 1 of Enbodi nent 4, and to inprove the
| i ght - ceitleamdaty Jevs oranfinse oFl tive dasrsiow@esifinap oy asittHerldE™sT e be

i ncreased by applying the collecting lens 1 of the present enbodinent to
the sensorfaappaiat ke fexpldiaregdnt Efbedi mepheikic surface. Curvature

of the aspheric surface is changes continuously. The aspheric
surface is a hyperboloid surface 25. The rotational axis of
the hyperboloid surface 25 intersects the direction of lens
thickness obliquely. Constituent elements that are the same
as in Embodiment 4 are described with the same symbols, and
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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[0113]1In the collecting lens 1 of the present enbodi nent, aberrations can
be reduced nore by configuring the central |ens surface 2la of the central
| ens paf@23®24as part of a hyperbol oid surface 25 than by configuring it as
part of an aspheric surface other than a hyperbol oid surface 25. Wen

manuf acturing the nold for the, collecti lens 1, if the.central |ens
sur?acef‘gli]:al]gf t Y YRSt enk? ghe ‘T‘%ﬁgesc q]]tﬁl{sa ]h)fbfer%bef AT EUHT ace

25, the process can be performed by noving the scoop surface 131 of the
cut ti ngetkRdingy dtharcerigial temakairtagrerpehditiftaris o a%-sdrvature in
accordance wth the curved surface 21 as shown in Fig. 12. In this case,
becauseinwerpricessthes possa bl ey ast | e ssutfrcacsle rewivs @fhathe cutting
tool 130 is smaller than the curvature radius of P625193 the hyperbol oid
sur f acey@ids thes Wasriki gl t1dres canrhecd ettucech pvteni 8 frtHdel @entgwatfd@ns
surface 21la of the central lens part la is part of a hyperboloid surface

25. [01dA]due thanhcoll erdddhgpdansid, ofs theidr toferdragli ment, the

| ight-collecting performance can be inproved in conmparison with the

col | ect%%éfgﬁ%@gd ﬁ,@g@}g@ﬂ%@cﬁe%ﬁ% y,dhen central |ens surface 2la of

the cen ens part I's a oid surface 25, but also when it is

an aspherjc surface which has a tric axis, i ect e direction
of Iensﬁﬁfﬁ@iness ﬁqjtfél'gjeanccfﬂﬁ%esrg%ur% ;teupfse ch%érlgclr}?%cé:%én%r%@uousl y. That
is, inthe collecting lens 1, the central |ens surface 2la | ocated inwards
from t FEBRULERE L lofld RSHRTAdR PPN E AR SHHBI S Ve g B it of an

aspheric surface of which curvature changes continuously. A specific nornal
li ne i svidibithaardddl et ieng ettt omathEmkadirent fes a3t the FHIRR i 8% poi nt s
on the first surface 10. The specific normal |ine crosses the central

sur f acel et -corklespoint nee it fo e e phiertile skafsace Jengirtaiartablgamot
parallel to (oblique to) the axis of symmetry of the aspheric surface (the

rotati alldredcdite (PL)nfeddel myperdiol ity suhd aoel Rcthen Tdres aspheri c
surface i s hyperbol oid surface 25) corresponding to the central I|ens

sur f ace 12l L QssebaddodHdinsSpecidie Ndm ddmeratlierelyl Londifuting to
i nproved light-collecting performance. In this case, in the collecting |ens
1 the i f ymetry for this aspheric surface may al so be non-parall el
to theaérglﬁok?orra meﬁ]}/nes' at each point in the projection domain of P625193 the

LSt SR 10 S R SO Bl LB RS M Y g g 2
aberrations can be reduced more by configuring the central
lens surface 2la 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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[ 0115] Conventional |y, aplanatic |enses are known as | enses w thout
aberrations (see for exanple H roshi Kubota, "Kougaku", Vol. 12, |wanam
Shoten F&APRL19April 9, 1986, pp. 282-283). [0116]As shown in Fig. 13, in a
| ens having a |l ens surface 71, RF = HF nust be satisfied in order for a

| i ght beam Lb parallel to the optical axis a of the lens to, be focused on
focal pothtRYPSHIN A ¢ oisifafe o%t e d‘éﬁ%li d"[lﬁne R3e |]%Edﬂﬁ,§4 efraction

point of the lens surface 71, while His the point of intersection on the
opt i caleesti st Qe fecentuslt ileals [durf aficavdl Ghee qeattect ilon @Akt R (end
of a vertical line drawn fromthe refraction point Rto the optical axis
Opa), RR iis tdertoptfi calhypsttbdlengt lewbetameerz3.he refraction point R and the
focal point F, and HF is the optical path |ength between the intersection
poi nt Handi 1t he facalhdQiditldot idyg ilsrdhownb ft hidte toresairts famddeR neandi ti on of
RF = HF, |lens surface 71 nust be a hyperbol oid surface or an elliptical

Surfacqzhé/\"l fgﬂte NS S raGR; yex‘&ﬁ\am’c@r&m 9 SipdRLR fnsonpddiacs 71 is

gi ven by the low ng formila (1) given n as the refractive index of the

| :ens mal et% }h ancdcﬁlblfacsc:m@e bqlcé( 1 S odifedens nc[tojo]n7l]§,[ Vatdy 71 P625193

c)2

central lens surface 2l1la 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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(1) [0118] However, this formula is obtained when the coordinates of any
points on the lens surface 71 are (x, y, z) in an orthogonal coordinate
system®f4ht¥bcal 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 axi s perpendi cular to one

anot her_in a plane endlc | ar to the opti axi s reover, a, b

and c ih§ oérﬁ?ta 5(’“1’%) h l'feorcfﬁﬂ ‘;)ens( ﬁuraf%ce(zl%\{o 2 pect i vel y.

P625193 [0119][Math. 8 Ir a-n+
projected in a direction parallel to the central axis of the
first surface 10.
[0115] Conventionally, aplanatic lenses are known as lenses
without aberrations (see for example Hiroshi Kubota,
“Kougaku”, Vol. 12, Iwanami Shoten Pub., April 9, 1986, pp.
282-283) .
[0116] As shown in Fig. 13, in a lens having a lens surface
71, RF = HF must be satisfied in order for a light beam Lb
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 £ as the back focus of the lens.

[0117] [Math. 7]
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= (12-if Vn+l C: f n +1 (4) [0120]In the collecting lens 1 of Fig. 11,
the hyperboI0|d surface 25 that forns the central |ens surface 2la of the
central PPeéas®part la is represented by fornula (1) above in an orthogonal
coordinate systemw th focal point F as the origin, the rotational axis 021
of the hyperboloid surface 25 as the z axis, and the x axis and the y axis
perpendi cyl ar te2the 2 axisp [0121] When Ilght rays hitting the first
surface 1QZar @ |noKdeﬁt)éngI of 45 are focused on the focal point F, the
angl e for al- laxis OP1 of the hyperbol oid surface 25 of
the central ¢féns part %a with a normal Ilng of the first surface 10 can be
given as 27.5 according to Snell's law. Th 2 is, the rotational axis OP1

can be tilted just 27.5 relative to the normal |ine of the first surface
10. [0118] However, this formula is obtained when the

coordinates of any points on the lens surface 71 are (x, y, 2z)
in an orthogonal coordinate system with 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 perpendicular to one
another in a plane perpendicular to the optical axis Opa.
Moreover, a, b and ¢ in formula (1) are given by formulae (2),

(3) and (4), respectively.
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[0122] (Enbodi nent 7) The collecting lens 1 of the present enbodi nent
is explained belowwth reference to Fig. 14. P625193 [0123] The basic
configur@@sXoM3 of the collecting lens 1 of this Enbodiment is roughly the
sanme as in Enbodinment 4. The collecting lens 1 of the present enbodi nment
differs fromthat of Enbodinent 4 in the shape of the first surface 10.
Constit M9kl emrelfath hat! are the sane as in Enbodi nent 4 are described
with the sane synbols, and explanations thereof are omtted. [0124]1n the
collecting | ensey”1 of Enmbodinents 4 to 6, using polyethylene as the |ens
materi al , @Nﬁﬁ—mrrﬂga | ens thickness of 1 mmthe transmttance of infrared
rays near a wavélEngth of 10 ni cris normal Iy incident on the first surface
10 is 40% and the transmttance declines as the |ens thickness increases.

In the case |qgident light froma direction not perpendicular to the
first sg;tac Mo the collecting lens 1, the transmttance nmay be reduced
excessi vely zf%yfznthe optical path becones even |onger than the maxi num

| ens thickne f*the coIIectingﬁiens 1. In a collecting lens 1 fornmed of
pol yet hyl ene, noreover, if there dr e | arge changes in |l ens thickness there
is arisk of sink marks due to uneven shrinkage and the |ike during the
cool i ng q:sopidktication processes of injection nolding, potentially
detracting fgquf ternal appearance. [0125] Thus, a lens is nmanufactured by
injection nolding. The first surface 10 of the collecting lens 1 nade of

pol yethylene is preferably nade as a curved surface that is convex in the

Opposi| tFOldﬂ.({]eCti oh fék?eméori%es&ciq{y 1SeLHJ alceogor"legs. 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 OP1l 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 OP1l 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

[e]

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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P625193 shown in Fig. 14 for exanple. In this case, the direction of |ens
thickness is the nornal direction at each point on the first surface 10.
Wth tH%ot3®cting lens 1 of the present enbodinent, it is possible to
restrict the direction of swelling to one direction and prevent problens of

external appearance by nmaking the first su be a curved surface that
i s convEXt fﬁ t he Bpporiis d?qrgc]ﬂ%tflr%‘ié]é%?ef&%dl%qﬁ%é% 1 #26] I n
the exanple shown in Fig. 14, the first surface 10 is formed of part of a
spher e Wi EmboegHgeerduriatuaughladithe (sem%raﬁ‘edrs@ﬂf%mq% % sﬁ&&
curvature), but it need not be part of a sphere. "l arge curvature radius”
her e nesrisl exctoitney dtetrrse I aehi ushd hate sent a'ngmdh,inmgh didrf eree friamsttlsalr f ace 10
to appear as a flat surface, but the curvature radius of the first surface

10 may e masdgnechmppriopriiad elnagmsed wie the-densinfadieusiof the col | ecting
lens 1 and the like. [0127] That is, if the curvature of the first surface

10 is @%1&1%&6 *Elrén?er{tagﬁ%@é whi G OfdaaXizss aberHalddane o Nafrexceed
an all owabl e value (for exanple, no nore than the size of photoelectric

conver i o&%bemlb@x} AHOve). | 118,50l | S5td 10 ens o gpase. of, ol vty ene.

it is possi h™suppr ess aX|a abe ations and control

occurrence 0 of . sink marks and swelling even while reducing the |Iens

t hi ckné¥%: 98¢t hi s Descri ption, forms including first surfaces 10 having

such a curvature and first surfaces 10 havi ngf a flat, surface are called
en

flat fik%i2urfadds e P MG SRS de @I EMRPHMBESS f9F T &1 ect i ng
lens 1 explained with reference to Figs. 10A and 10B and Fig. 11 preferably

has a curived psunfedde lems dss tdenviend mates iggposivtad diitdetd dres om t he

second surface 20.
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 lensg 1, the transmittance may be reduced
excessively because the optical path becomes even longer than
the maximum lens thickness of the collecting lens 1. 1In 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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P625193 CLAIMS 1. A collecting lens conprising: a first surface; and a

second surface; wherein said first surface is defined as an opposite

surfac&A>H d col lecting | ens fromsaid second surface, and said second

surface has a |l ens surface, and said |l ens surface includes a

plurality of |ens function surfaces, and _ . each Ofﬁ@%id l.ens %ynction
of

sur f aceq"E digt ittt d¢ J&t BPWPS de LurftHde G Sorts foitd g Bhé

el l'iptical cones, and a particular normal line which is arbitrarily
sel ect deerfs drhivdmess |isndhana@mde divactgsimed GRERIRP T S {6 ace and
crosses one of said |lens function surfaces is not parallel to a central
axi s off it edudfiptdecdl0 .conél tdorahes poridiewy ing daird |les fulsctdxsmsentr f ace
crossed by said particular normal |ine, and
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 small 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. 1In this
Description, forms including first surfaces 10 having such a

curvature and first surfaces 10 having a flat surface are

called flat first surfacegs 10. Even a first surface 10 in a
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said central axes of the elliptical cones are not parallel to each other.

2. Acollecting lens according to claim1, wherein an angle formed by
said céMTx°3xi s and said particular normal line is greater in the
elliptical cone corresponding to said |lens function surface |ocated further
outside of said callecting lens. .3., A collecting |ens accardin oclaim1l
or 2, o‘é‘?c]]i]nee%t]afég gtefff% eﬁqq?]eaffﬁel"%\)’flntd“f etﬁeéﬁ%foo&s]sgﬁ ‘d%oglhsaq'éctrfaces.
P625193 4. A collecting Il ens according to claim1 or 2, conprising a

pl ural i8R & 4P 1 ens Ripfecadly divp @ curved cartiage IR Sif feRIE9%cat ed
inward fromthe plurality of said | ens surfaces, wherein said
centralin gnw sepderidd slidedd e dsr parthefsegergb gharfiacs@d.ace of which
curvature changes conti nuously, and a specific normal line which is
selected arbitrarily fromthe normal lines at the respective points on said
first surface and crosses said central |ens surface corresponding to the
aspheric surface is not parallel to an axis of symmetry of the aspheric
surf ace.
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5. A collecting lens according to claim4, wherein the aspheric surface is
a hyperbol oid surface. 6. A collecting |l ens according to any one of clains
1 to 5P%fet®in said collecting lens is made of pol yethyl ene, and

said first surface is a curved surface that is convex in the opposite
direction fromsaid second surface. _ 7. A nmulti-segnent | ens conprising a
plurality of |enses assenbled on a g&ﬁéﬂﬁ surface, wher ei n each of

said lenses is said collecting | ens according to any one of clainms 1 to 6.
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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P625193

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 is 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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