1 DESCRI PTI ON OPTI CAL DETECTI ON DEVI CE, AND APPARATUS USI NG SAME TECHNI CAL
FIELD 5 [0001] The present invention relates to an optical detection

devi ce, and an apparatus using the same. BACKGROUND ART [ 0002]
Conventionally, devices used for a purpose of detecting an anount of 10
change of infrared light emtted froma human body in a predeterm ned
detection area and controlling apparalhses such as lighting apparatuses are
proposed as an optical detection device (e.g., Japanese Patent Publication

Nos. 3090336 and 3090337). [0003 Eﬁ?ﬁl tection devices described in
t he aforenentioned two docu- 15 %%n §R§%t(%3nclude a multi-segnent |ens

focal “poi t ORTREAL DR EERIADEVCE ANPTRRR IS TONG AR hat s
a light receiving el enent arranged on the aforenentioned focal position.
The aforenenti oned two docunents describe that 4*15 detection beans are

created, the infrared 20 detecting el enent configured by
arrangin&hﬂgﬁpﬁﬁig%ﬁﬁﬁgg%iving units (device elenents) is enployed, and the
mul ti-segnent, |lens configured by arranging fifteen lenses in five col umms
and tAr eio%ws The wipseny savertogbaglabes gcaén ortieal sletegteomndevicesagfet | ens,
a first surface is a plane surface, a second surface is a hyperboloid
havi ng a apppheiysarsiagitbe sBliegue to a 25 normal line of the first surface.
Specifically, as shown in Fig. 19, inalens 2 101, a rotation axis C of
a hyperboloid 120 that is the second surface is inclined so that the
rotation axis C and a normal line H of a plane surface 110 that is the
first suBACKGROMND ARGl e 0.

[0002] Conventionally, devices used for a purpose of detecting an amount of
10 change of infrared light emitted from a human body in a predetermined
detection area and controlling apparatuses such as lighting apparatuses are
proposed as an optical detection device (e.g., Japanese Patent Publication
Nos. 3090336 and 3090337).
[0003] Optical detection devices described in the aforementioned two docu-
15 ments each include a multi-segment lens configured by combining a plurality
of lenses having substantially the same focal position on a single plane, and
an infrared detecting element that is a light receiving element arranged on
the aforementioned focal position. The aforementioned two documents
describe that 4*15 detection beams are created, in a case where the infrared
20  detecting element configured by arranging four light receiving units (device
elements) is employed, and the multi-segment lens configured by arranging
fifteen lenses in five columns and three rows is employed.
[0004] In each lens of the multi-segment lens, a first surface is a plane
surface, a second surface is a hyperboloid having a principal axis oblique to a

25 normal line of the first surface. Specifically, as shown in Fig. 19, in a lens



[ 0005] Here, assuming that L denotes a di stance between an apex 0 of the 5
| enses 101 and a center of an infrared detecting el enent (not shown), and f
denotes a focal distance of the | ens 101, an angle 6 forned by incident
light D reaching a focal point F through the apex O of the lens with
respect to the normal line His obtained according to the foll ow ng
Formul a: [0006] [Math. 1] 108 = arctarf(L If)Formula (1) . [0007] Assum ng
that n denotes a refractive index of the lens 101, the following Fornula is

obt ai ned:ldloqao%ta[é%g{[ gxwzh Bt faﬁl?}&%r\sb%ﬂ?ﬁgg]lgf QP%E%%’&%} seézo;lﬁ[&ﬁqg(le is

Therefore, the an I's as = arcsin(sin 8 1

n) For nul a_(;3 1 The, angl e_0 s t er m.ned. rging,to Forarul a (3).
[h032] ratiPhsd =4 SRAF nd A AR, ke GopRE LoRIRPRELBE IR o T Pic SOUTLY Lo

the 20 ingident .l i,ght. r eachi the fo point F through the apex 0 forns
t he angl gﬁgq\%?%ﬁs i;}g%%ﬁgs aﬁet@g%?ﬂﬁpgfe‘l e H and is aplanatically
collecte t focal point, F._In this lens 101, when the angle IS
increaseg(,)(?@ﬂe?%ﬁ@i aSYURHGTERA Ol SHe i BERTICE VBN 4R AR AGr 191976
collected on the focal point F and the normal line His also increased. 25
[ 0013 Tﬁ%n%ﬁsolf%aﬁ ioeriter Wb agotikiedsdeiesdng demant (oo shawph asl fs 3

enpl oyed as a material of the nulti-segnent |ens, and the nulti-segnent
lens is pesatesetiiasp! flistered ohthedleas A§1, an angle 6 formed by incident light

reaching a focal point F through the apex O of the lens with respect to the
normal line H is obtained according to the following Formula:

[0006] [Math. 1]

10 o =arctan(L/ f) Formula (1).
[0007] Assuming that n denotes a refractive index of the lens 101, the

following Formula is obtained:
[0008] [Math. 2]
n-sin@ =sind Formula (2).
15 [0009] Therefore, the angle 0 is as follows:
[0010] [Math. 3]
0 = arcsin(sin 6 / n) Formula (3).
[0011] The angle 0 is determined according to Formula (3).
[0012] The lens 101 is provided as a light collection optical system, and the
20 incident light D reaching the focal point F through the apex O forms the
angle 6 with respect to the normal line H, and is aplanatically collected on
the focal point F. In this lens 101, when the angle 0 is increased, the angle &
formed by the incident light D aplanatically collected on the focal point F and
the normal line H is also increased.

25 [0013] The aforementioned two documents describe that polyethylene is



[ 0014] However, even when the |lens 101 forned by pol yet hyl ene has a thick-
ness of 1 mm transmttance of infrared light with a wavel ength of around
10 5 rim which is vertically incident upon the plane surface 110 of the
lens 101, is 40% In addition, the larger the thickness is, the |lower the
transmttance is. A light pass length of the incident |ight D incident from
a direction not perpendicular to the ﬁﬁane surface 110 of the lens 101 may
be | onger than a maxi mumthi ckness of the |l ens 101, and the transmttance
t her eof 0 - 150 h ' : by
pol yet hyoaeye R S L an BN e BUEEIRER, 1o, oo R P SR Y
mar ks ocgur. on %@ecs%gf%ﬁ%cgonhgghh Qs 101 due to cooling of the injection
nol di ng, Sh PG Cuhav enhes S cause during a solidification process, or

the like. refore, appearance,of th ns 1 is,.d ed.. 15 [,0015] So,
in order[?éhﬁuE%W$§§”tﬁ%”%@ﬁﬁBEPSAe?%??Lﬁ”??%ﬁ%%??bﬁﬁggggﬁ&“Fﬁ%hﬁé urrence
of the sink rks, the aforenentioped ocunents descri be that m ni mum
Chi Cknes@eot OF hemineRAnERAI GGt Tpaged Iht PHER Argre At AR
allowable in the light, of liquidity of polyethylene_in Lnjectian _nolding,
and dﬁfféﬁ%ﬂ%b“ﬁéﬁﬁﬁ%ﬁcﬁﬂélﬁﬂaP%hHP%%Qh%P ’H%%H@%W%khggé Bpsiil, iens 20
101, which has an_influence on securenent of a |lens area (effective |lens
area), i40%t koaddisiopnthetarces the fhisknass \rathe loverededrpnswittapeeis-ng a
predeterm ned | ens area depending on the intended use of an optical

det ect i or dighit geasef lmesh i thegimgident lighdt Dt ineidendi fiom tehidetestion 8ot t he
lens 101 is kept to be 1 mmor less. 25 [0016] Japanese Exam ned Pat ent
Publ i cat iperpdvalicTla3804beprlopesesfachaklOcof theclonddifdemalydipslongeritban & r esnel
| ens, and a rotation axis C shared by hyperbol oids 421, 422 and 423 of a
second sutdaesumsthibknegseof aha lehant)kuahdahedti@nsiistaiice stheseoff atay i n

order to suppress occurrence of an off-axis aberration, as shown in Fig.

20. ho t hiesormasee léwer. hyiparthotbes i42he ¥AR 1 diodR3ddonpolyetleyleneerpect i ve
| ens surfaces. [0017] The aforenentioned docunent describes that in the

Fresnel hedsedPhetdthd gharfs i@RhanBickneas i9eafel Kbtk beinsestcar par ehd el
| i ght beam apl anatically collected on a focal point and a normal |ine N of

the pl angysmacé ageidlRmRCEOT Hurdtd Codling gl thecfl Rfe@bDMdlAthg, oflathRagaxis C
shared by the 10 hyperbol oids 421, 422 and 423 and the pl ane surface 410.

Ther ef or el fnhdl& EJL?S%He%ufiﬁQSa 40t fkatich pAGhest h6r PRE ML NCELQEfdrBE

of f-axi s aberration can be suppressed, and |ight beams froma direction
col 1 oot edP PP OGHE Rhe e 10 8 A P 401 conf | gured such t hat  t he
e o4t on AR FAEE BT, SRR sk R alion A RO AR ARG WA P EN 1
et 1S P R S S YRR I TR R
e A oSk FOEORShob U 53 BB PP M b A o
Lathe or e alcrabl o e Ront OFRGutdlfy bF SolySthyIShS in Jhjction molEng ™ ¢
and difference between the maximum and minimum thicknesses of the lens
20 101, which has an influence on securement of a lens area (effective lens area),
is set to 0.5 mm that is a minimum value necessary for securing a predeter-
mined lens area depending on the intended use of an optical detection device

(for sink light), so that the maximum thickness of the lens 101 is kept to be 1

mm or less.

25 [0016] Japanese Examined Patent Publication No. 7-36041 proposes that a



401 is produced, it is necessary to use a nmultiaxis control processing
machi ne and formthe hyperbol oi ds 421, 422 and 423 or respective curved
surfaces by cutting at mnute pitches while only a bl ade edge of a sharp
cutting tool (tool) 25 430 with a nose radius (also referred to as a corner
radius) of a fewmcro- 5 neters is brought into point contact with a

wor kpi ece 440, as shown in Fig. 21. Tre wor kpi ece 440 is a base nmateri al
for directly formng the Fresnel |lens 401, or a base material for formng

h I | d. Theref o Eh ' I e . ' )
af or orentoBnere e SEh A0 B TGHRITERE P e MhBR0 P GRHEH AR inets 41 i
[ , d h f the F l. | 401 iS4 d 0020
on't ho. ot dnd: 12 AadCBRLobh et iR BlRui R PBRSTIECHN T ons

surface in the cross-sectioonal shape includggg ghe qfrnal |i ne,.of the plane
surface tohdt ¥ WREAGRHE) YERT L GRPRESSOCCHHETES @5 ABI Ol 8RS akerrptigar asthe 10
| ens surfaces or_the curved surfaces corresponding to the |lens surfaces can
be for medbeyrcilt FidhgO0hilndhineasathe Aypeslonlstsls 4%2&@(1?@83\&99 gHESpect to

t he wor kpi ece 440 so as to bring a side surface of a blade into |ine

cont aBt wespeative s lkpreees.440, as shown in Fig. 22, thus enabling
significant reduction of the processing tine. Here, in a Fresnel lens in
whi ch t hd0@hapdhef aféa@henéngegﬁosumma@@leswb% drtsiyi the Erashattenis401
rotationally symmetric by enploying a normal |line of the incident surface
as a rot abiltig. 20 ap angle saknbevfortthed betwwben ensasallel dighti beaapmmdanatit ed by a
side surface of a frustum of cone, thereby enabling the cross-sectional
shape of caHglolleciedsan hidoealt poihe amdtea nionmar 1{HdSNRaft tdet plhae AiZ8CE22)0 20
[0021] In the Fresnel |ens 401 disclosed in the aforenentioned Japanese
Exam ned aPedelihg Prbldrc adngle Marmed 3p04theandtdthen Rixisn€l dhemsd dbgctlsed in
the US Patent No. 4787722, an intended light beamis infrared |ight, and

t hesgot WarygeehdTBitsS4 2, siolosel dhatandoiheeslank etefdce 419ed BiserafdreNtn tlé eri al .
[0022] Incidentally, the present inventors have conceived that, in the case

25 wher e FBEsAAPRhSIMT IS FEAWMREE dblitredide APithE ff-HLiseA droftifh \a®the Si NCE a
6 nmulti-segnment |ens configures a part of the appearance of the apparatus,
a suppressed, and light beams from a direction oblique to the normal line N of
the plane surface 410 can be effectively collected.
[0018] However, in the Fresnel lens 401 configured such that the rotation
15 axis C of the hyperboloids 421, 422 and 423 configuring an emission surface
is oblique to the normal line N of the plane surface 410 that is an incident
surface, the hyperboloids 421, 422 and 423 are not rotationally symmetric
with respect to the normal line N of the plane surface 410. Therefore, the
Fresnel lens 401 or a metal mold for the Fresnel lens 401 is difficult to be
20 produced by rotary forming with a lathe or the like.
[0019] So, when the Fresnel lens 401 or the metal mold for the Fresnel lens
401 1s produced, it is necessary to use a multiaxis control processing machine
and form the hyperboloids 421, 422 and 423 or respective curved surfaces by

cutting at minute pitches while only a blade edge of a sharp cutting tool (tool)

25 430 with a nose radius (also referred to as a corner radius) of a few micro-



surface, upon which infrared light is incident, of each lens of the nmulti-
segnent lens is forned to a plane surface or a curved surface with smal
curvature, in order not to danage the design of the apparatus. In a case 5
where the apparatus equi pped with the optical detection device is an alarm
sensor, the present inventors have conceived that it is necessary to
provi de the optical detection device sb that a suspi ci ous person cannot
find the presence of the optical detection device or a detection area of

the al ar SRS 9C Ly HER IR G EORA0F SRBN% LMBILAY Sahoye fRDRSHVER, that in

a case 1 ere-exa e appar at us equi é optica

det ecti on, devjce i ncl ude apparat us,, in I ch.a.di stance betiween person
and an o%]i'ca h%gz%gp}egﬁ %@V}scg%lage rlgl}j‘%etrﬂ}\g% d;ﬁe(%g, tsogﬁgﬁge{cgleaﬁ?%ﬁng i sion
or a display of a perssonal co er, and an a rat us ,su as,an arm
sensor, ﬁﬁ%gégﬂeéF-aéﬁE@ %Wﬁ?ﬁgﬁhﬁ1pﬂm@@§ %ﬁgﬁ I?®dfn§2¥¥8ﬁF?’ d | ens
patterns preferably 15 cannot . be visg&lly recogni zed f en en Iook&ng into
the apparRiPERSsiR®fitae {¢) REANEIRe Ehe, atorpriegtionsholiessg i’erﬁs %41%8%@%, in the
optical detection device described above, it js conceived that_the

di f f ePendBolgeforgds Kresnahlanadd hiinaransadnand thare e sosrofdhentresmel 101 of

the multi-segnent lens is set to
lens 401 is increased.

[0020] On the other hand, in a case where the cross-sectional shape of each
lens surface in the cross-sectional shape including the normal line of the
plane surface that is the incident surface of the Fresnel lens is linear, the

10 lens surfaces or the curved surfaces corresponding to the lens surfaces can be
formed by cutting while the cutting tool 430 is inclined with respect to the
workpiece 440 so as to bring a side surface of a blade into line contact with
the workpiece 440, as shown in Fig. 22, thus enabling significant reduction of
the processing time. Here, in a Fresnel lens in which the shape of each lens

15 surface in an emission surface is rotationally symmetric by employing a
normal line of the incident surface as a rotation axis, it is known that each
lens surface is approximated by a side surface of a frustum of cone, thereby
enabling the cross-sectional shape of each lens surface to become linear (US
Patent No. 4787722).

20 [0021] In the Fresnel lens 401 disclosed in the aforementioned Japanese
Examined Patent Publication No. 7-36041 and the Fresnel lens disclosed in
the US Patent No. 4787722, an intended light beam is infrared light, and
these two documents disclose that polyethylene is used as a lens material.
[0022] Incidentally, the present inventors have conceived that, in the case

25 where an apparatus is equipped with an optical detection device, since a



a value smaller than 0.5 nm descri bed above, for exanple. However, while 20
this can make it difficult to visually recognize the |ens patterns, the
predete- rmned | ens area cannot be secured, and consequently, sensitivity
is reduced. [0023] Thus, an option of enploying the Fresnel lens as a |ens
capable of making it difficult to visgglly recogni ze the lens patterns
formed on the second surface is offered. However, in the Fresnel lens in
whi ch the shape 25 of each lens surface in an em ssion surface is

;8'; ?;Lgng}l{slh?tﬁ-éngé%wt !1&1? Xonﬁg&fggl z? ﬁ)igPt[gof ﬂ?e Q??E@ax{gﬂe% t?lfepé aﬂa@ﬁ% df nt

ation axisy in ens sufrace being approxi mat’ed by the
side surface of the frustum.of n an.of.f,-axi s. abgrratio ccurs..in a
Case of LTI PP APgRS atlS e Ee o PRghiShLBE Bl nci dent
upon the first surface,fromthe qutside.world. 5 D SCLOSURE THE
| NVENTI ORCEBIS2ATICRA SHPBRE0GH RHIBE HERICS, B Bnfds i%u%:w% a@ah
optical detection, device, which is capabl e of gﬁﬁgressing occurrence of
of f - axi s ABERPHE; ROTder Pehdedamags Shaglesien g BPAT 2B i 38& ¥as®ici dent
upon first_surfaces fromthe 10 outside world, suppressing reduction of
sensi Pi vivhereadie aparatng eanrRedsvithihe evticrlaintreidon HEVEEe AbAKEID a
mul ti-segnent |lens, by naking it difficult to visually recognize the |ens
pat t er ns,SenRoL: ihe mresentmgyy coforselaved cenpefvade thatddsis giece pranyetpsprpvade t he
mul ti-segment lens, fromthe first surface sides of the |enses, and an
appar at ushasopfgcalhéeteatten d&vip@G@5thatn aopusmwaioudepenspnoeamiesti éadathor di ng
to the present invention includes a multi-segnment |ens configured by
conbi ni ngrasqiaer of ithy opitidaé nedecthay ideyideher sadetdotioal apersiof i thie, akrdh an
infrared |ight sensor having an
sensor. Furthermore, the present inventors have conceived that in a case
10  where examples of the apparatus equipped with the optical detection device
include an apparatus, in which a distance between a person and an optical
detection device is relatively short, such as a television or a display of a
personal computer, and an apparatus such as an alarm sensor, the appear-
ance of the multi-segment lens is important, and lens patterns preferably
15  cannot be visually recognized even when looking into the apparatus from a
relatively close (e.g., about 30 cm) place. So, in the optical detection device
described above, it is conceived that the difference between the maximum
and minimum thicknesses of each lens 101 of the multi-segment lens is set to
a value smaller than 0.5 mm described above, for example. However, while
20  this can make it difficult to visually recognize the lens patterns, the predete-
rmined lens area cannot be secured, and consequently, sensitivity is reduced.
[0023] Thus, an option of employing the Fresnel lens as a lens capable of
making it difficult to visually recognize the lens patterns formed on the

second surface is offered. However, in the Fresnel lens in which the shape

25 of each lens surface in an emission surface is rotationally symmetric by



infrared light receiving el enment arranged on the focal position, wherein
each of the plurality of lenses of the nulti-segnent lens is a Fresnel |ens
in which 20 a second surface, being the reverse side surface of a first
surface, has a plurality of lens surfaces, at |east one of the plurality of
| ens surfaces is configured froma pari of a side surface of an elliptical
cone, and wherein any nornmal line intersecting with the |lens surface
configured fromthe part of the side surface of the elliptical cone anobng

o a contario8nd AP EphRUERRR e Mefiont UELabe 3L (B hRRR Sl R B 01
et et 1 onfe BB ABCA egFa A PBhTRe tho PSRk Ront B Beble’ dedB ™
madie. di { PILEE OB IeDaT Y BcbGe o aneREprt bt € G RERaref tos or
abor  at i QR0 LB REGRT PR AT ERBIBHE LRGP GBI aaTSH inci dent  upon
the first surfaces fromthe outside world, suppressing reduction of

sensi Pivity, and reducing the cost, while enhancing the appearance of the
nulti-se%gent | ens. 10[0027] In the optical detection device, preferably,

at | east RIGCBOSURE D AHEDINVENTION surf aces are configured from parts of
side surfaces of elliptical cones having the different central axes
respect i [8094] @ obiest of thaprasdmgnimventivacie tanprayidhensepticdgleteciionf t he
plurality of lens surfaces is |ocated further outside, an angle forned by

t he nor nalevidenaevlianb it vepaklet sfadugressiog dcherrehceldfioff axisl aloomnations of
corresponding to the | ens surface becones larger. [0028] In the optical

det ect i odenesi wtdlizipigeiheidemitight ddngiedpiidadent opan éotsbsueacenfrem dhwng t he
plurality of lens surfaces of each of the plurality of |lenses is configured
fromia paiitsidt worldsRoppiesssng fradactidn bf ceRkitivoy sdyd ebangingotleueydt ur e,

and wherein any nornmal line intersecting with the |ens surface
while enhancing the appearance of a multi-segment lens, by making it
difficult to visually recognize the lens patterns, which are formed on second
surface sides of the lenses of the multi-segment lens, from the first surface
sides of the lenses, and an apparatus using the same.

15 [0025] An optical detection device according to the present invention
includes a multi-segment lens configured by combining a plurality of lenses
having the same focal position, and an infrared light sensor having an
infrared light receiving element arranged on the focal position, wherein each
of the plurality of lenses of the multi-segment lens is a Fresnel lens in which

20 a second surface, being the reverse side surface of a first surface, has a
plurality of lens surfaces, at least one of the plurality of lens surfaces is
configured from a part of a side surface of an elliptical cone, and wherein any
normal line intersecting with the lens surface configured from the part of the

side surface of the elliptical cone among normal lines of respective points on

25  the first surface is non-parallel to a central axis of the elliptical cone corres-



20 that is located on the center and is configured fromthe part of the
aspheric surface anong the normal |ines of the respective points on the
first surface is non-parallel to an axis of symretry of the aspheric
surface corresponding to the I ens surface | ocated on the center with which
the any normal line intersects. 25[0029] In the optical detection device,
the aspheric surface is preferably a ) hyper bol oi d. [0030] In the optical
detection device, the nultl-segnent l ens |s preferably configured so that,

anong t hfep(ﬁxlndglrlgu#) E]Xe ?ens &H?&Iseevrs@hh\gﬂﬁh £M51 16k ifif é&%ed froma

center o -Segnen as a ens area o he second

surface. n the tection Vi.C the nmulti rre Iens IS
pr ef erablwbggﬁ#kgfh?é)@tlscg?ﬁﬁgetcgm YO ?(F?OE(EW ethecﬁrefq‘ ‘f‘lntl Venggnf

| enses are the ‘%bL the optic det CtI?HVdEVIC t he ﬁ frared
i ght r edenyingtel Br erFSy PHERGECEIS B UPEReS 9T dheaBinbe

el enrents each fo rred into t angl e, andt pIurallt of devi el enent s
are arr arf§emedy temst a%‘hé‘i“l‘ &“d‘? é@tl?%l‘(éS‘b'af % mecosnieed ifrgmotheydyite

el enents coincide with each other [0033] In the o tical .detection device,
pr ef epablspriacesidey phihailqnsght theseby bemg ereailatof |S§1P@6?ﬁ§1§&r0é€lulﬁ?n8? rangi ng
four device elenents in the formof a 2*2 15 matrix, each of the four

devi ce elofwhaxisisbientptionmeftherlenses vtiliaing ingideniteshd ebhideely sneidgati ce

el enents are arranged so that a direction, in which respective single
dlagonal1nxme§h@ﬁh@%0ﬂuéumse&ehemhﬂusmsmkamedkbn&dnageﬁag pebuatiomnsf among
the four device elenents are connected with a straight line, coincides with
a ri ght - Isefhsitdiitye ctridomed @6nf 0d@4¢ostn wihike ephhoangdtie appearaieei ckthe
preferably, arrangenent of a plurality of detection beans fornmed by the

pl uralitynalti-kepaeat ddnst he multi-segnment |l ens and the infrared detecting

el ement is staggered. [0035] In the optical detection device, preferably,

the pbur 402yl 0h thewnpeisal Asleutien dckidesprdfensolgr aipaki tveaol thephanted al ong
at least one direction, and 25 wherein the infrared |light receiving el enent
i's confi gungsk Byrfabs AR Behfi@Wed from parts of side surfaces of elliptical cones
having the different central axes respectively, and wherein as a lens surface
among the at least two of the plurality of lens surfaces is located further
outside, an angle formed by the normal line and the central axis of the
15  elliptical cone corresponding to the lens surface becomes larger.
[0028] In the optical detection device, preferably, a lens surface located on a
center among the plurality of lens surfaces of each of the plurality of lenses is
configured from a part of an aspheric surface with continuously changing
curvature, and wherein any normal line intersecting with the lens surface
20 that is located on the center and is configured from the part of the aspheric
surface among the normal lines of the respective points on the first surface is
non-parallel to an axis of symmetry of the aspheric surface corresponding to
the lens surface located on the center with which the any normal line

intersects.

25 [0029] In the optical detection device, the aspheric surface is preferably a



10 device elenents in the formof a 2*2 matri x, each of the four device

el ements being forned into a square, and wherein the device el enents are
arranged so that a direction, in which respective single diagonal |ines of
two device elenments | ocated on diagonal positions anong the four device

el ements are 5 connected with a straight line, coincides wwth the one
direction. [0036] In the optical detecli on device, the plurality of |enses
preferably further include a second | ens group adjacent to the first |ens
group an arrgngﬁg al ong the one direction, and anong the plurality of
lenses, | EAEE8°8t%t he second lens group are preferably arranged to be

st aggere ] respect .1 | enses_of the first |ens group. 03 In the
opti cal g@b%@f iLgnt e?ﬁ?t&‘érﬁ ‘iﬁ?%tﬁ%n ﬁﬁf’@?i i\]i’e Srulfhgesreps I gﬁew{e?? Yis

f bl ol hyl ) 0038] .In th tical tectj devi
ot bl h b, v SR S GE B e REETAED G hGune, ana
the first surface is a curved surface 15 that. is convix tovi/grd a side

opposi t e epardedsizewna cenpraelcthy manbseamappspathas aceiedilags egea
present invention includes the above-nentioned optical detection device.

[ 0040p THbeaspperdsusiagecording to the present invention includes the
optical detection device capable of suppressing occurrence of off-axis
aberrati dA83bF Inatheemsesal ddtbétiimgevivei tenmulitigsrgroent tansl is prededdiy upon
the first surfaces fromthe outside world, suppressing reduction of
sensi ti vicopfiganetd sedbait ngakheunoshicknbsdes anthenplurglithefdppesy arcéhof t he
mul ti-segnent lens, by making it difficult to visually recognize the |ens
patterns,samd.ch are forned on the second surface sides of the |enses of the
multi-segnment lens, fromthe first 25 surface sides of the |enses, and
hence t hdoappeadnaihecosticdlndetovtgs@ldevice, the infrared light receiving element
10  preferably includes a plurality of device elements each formed into a
rectangle, and the plurality of device elements are arranged so that short
side directions of the plurality of device elements coincide with each other.
[0033] In the optical detection device, preferably, the infrared light receiving
element is configured by arranging four device elements in the form of a 2*2
15 matrix, each of the four device elements being formed into a square, and
wherein the four device elements are arranged so that a direction, in which
respective single diagonal lines of two device elements located on diagonal
positions among the four device elements are connected with a straight line,
coincides with a right-left direction.
20 [0034] In the optical detection device, preferably, arrangement of a plurality
of detection beams formed by the plurality of lenses of the multi-segment
lens and the infrared detecting element is staggered.
[0035] In the optical detection device, preferably, the plurality of lenses

include a first lens group linearly arranged along at least one direction, and

25  wherein the infrared light receiving element is configured by arranging four



11 apparatus equi pped with the optical detection device can be enhanced
whi | e suppressing the reduction of the sensitivity of the optical detection
devi ce and reducing the cost. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0041]
Preferred enbodi nents of the invention will now be described in further
details. O her features and advantageﬁ of the present invention will becone
better understood with regard to the 8llomﬁng det ail ed description and
acconpanyi ng drawi ngs where: 10Fig. 1A is a schematic cross-sectional view

of an optiLale Q@h{%%tté e\ tﬂ@‘fél?ﬁ oPh 2% gapadi %@dg# of the four deI\:IF deléﬁ’iein%s

schematic bottom plan view of a maln sectl o e optica etection

devi ce_ofy e (SAbOALIEN soFL Q. a&wﬁer@plpgéaévqggey'&%h@f £l fhadfig 19F 0. 2

is a sche |gura on ‘diagram o i ca ectlon Vi ce of the
enbodi ne

l t t f
R e e
| t t he detect f h t | det ect
Gevi oo o RENEBAN LD dhaondl Do laf‘fé%%p&g R 1888 EBee el C@ixé’ of a

main section of a nulti-se nt lens.of th ptical. detectlon devi ce of the
enbodp merfpanected with a 51%91& e CaHICéf%pﬂ @W dif a traveling path

of infrared | | ht of the multi-segnent |ens of the opt j cal detection device
of the erB@3fldntthexoptigal slefectipndgwiag; dleopluralitnfifelonsas ryefenadly
mul ti-segment |l ens of the 12
urther include a second lens group adjacent to the first lens group and
arranged along the one direction, and among the plurality of lenses, lenses
of the second lens group are preferably arranged to be staggered with respect
10  to lenses of the first lens group.
[0037] In the optical detection device, a lens material of the multi-segment
lens is preferably polyethylene.
[0038] In the optical detection device, preferably, a lens material of the
multi-segment lens is polyethylene, and the first surface is a curved surface
15 that is convex toward a side opposite to the second surface.
[0039] An apparatus according to the present invention includes the above-
mentioned optical detection device.
[0040] The apparatus according to the present invention includes the optical
detection device capable of suppressing occurrence of off-axis aberrations of
20 lenses utilizing incident light obliquely incident upon the first surfaces from
the outside world, suppressing reduction of sensitivity, and reducing the cost,
while enhancing the appearance of the multi-segment lens, by making it
difficult to visually recognize the lens patterns, which are formed on the

second surface sides of the lenses of the multi-segment lens, from the first

25 surface sides of the lenses, and hence the appearance of the overall



optical detection device of the enbodinent; Fig. 6Ais a relation
expl anat ory di agram between an infrared |ight receiving el enent and
detection beans in the optical detection device of the enbodinment; 5Fig. 6B
is a relation explanatory diagram between the infrared |ight receiving

el ement and the detection beans in th? optical detection device of the
enbodi nment ; Fig. 7Ais an explénatory di agram of the detection area
of the optical detection device of the enbodinent; 10Fig. 7B is an

expl anat fpdh Al éﬁﬁi%ea%g%%gt&m Abfth &mcégpéﬁ Rl erfleliReh R devi ce

of the e a schematic bottom plan view of a main

section accordin {. e f C tection
devi ce of® PREVE ﬁ%%&?‘ﬁerﬁ}t ﬁlgf—ll gfng}ﬁ%gélg&glﬁ& 8)S‘]aana Cal:jlﬁgte(r%?%h ?éwgg
detection ayea accogy;qgwto sald anot her conflguratlon exanple of the
optical JBYEERAUSIGERS €8tof the enbodi ment ; Fig. 9B is an

expl anatory di agram of the detection area according to said another
configuration exanple of the optical detection device of the 20 enbodi nent;

Fig. 10A_is_an ex | anat or m ction area according to yet
anot hér &WEELD% C&I%‘}Q&%@agﬁﬁ ﬁ%“%@t det ecti on device of the

enbodi meR Fi 10B i s an expl anato di agram of _the
det ect i o084 bla Paefesrer reambelipendajof the iyt Wk mogulat fevrednit e of
the optical detection device of the 13 enbodi nent; Fig. 11 is a

spot di adnethesfdetadls| eMsher fentunenland seyrnmazdsent the niseenpinventiort ect i on

devi ce of the enbodi nent;
will become better understood with regard to the following detailed descri-

ption and accompanying drawings where:
10 Fig. 1A is a schematic cross-sectional view of an optical detection
device of an embodiment;
Fig. 1B is a schematic bottom plan view of a main section of the
optical detection device of the embodiment;
Fig. 1C is an enlarged view of Fig. 1B;
15 Fig. 2 is a schematic configuration diagram of the optical detection
device of the embodiment;
Fig. 3A is an explanatory diagram of a detection area of the optical
detection device of the embodiment;
Fig. 3B is an explanatory diagram of the detection area of the optical
20  detection device of the embodiment;
Fig. 4A is a cross-sectional view of a main section of a multi-segment
lens of the optical detection device of the embodiment;
Fig. 4B is an explanatory diagram of a traveling path of infrared light
of the multi-segment lens of the optical detection device of the embodiment;

25 Fig. 5 is a plan view of a single lens of the multi-segment lens of the



Fig. 12A is a cross-sectional view of a main section according to 5 another
configuration exanple of the nulti-segnent I ens of the optical detection
devi ce of the enbodi nent; Fig. 12B is an expl anatory di agram of a
traveling path of infrared |ight according to said another configuration
exanple of the nulti-segnment |ens of g?e optical detection device of the
enbodi nent; 10Fig. 13 is a plan view a main section according to said
anot her configuration exanple of the nmulti-segnment | ens of the optical

deteCt'OQ’gﬁ¥ﬁ88“9$K’gﬁgnotﬂmeQHh?Od”ne Fig. 14 is a spot diagramof a

| ens accor Ing to sal er con |gurat|on exanple of the nulti-segnent

lens of the OptFlé dgtechh 18nje§< (ilgl){ét%? Qflaéﬂﬁn %%E\Qrgbm 1nf{ared % ﬁﬁjc g. 15A

is a cross-secti View O sectl on-accor

conflguratlon exa e multi-segnent,len tycal detection
devi ce of fH& %ﬁ%% Efn& ﬁetemtllon beaﬁﬁ% in fhe Olpilcﬁiu d8€ Flgﬁa(il%vrl F «Esl Jfam of a
traveli ng Pat[] of infrared 20 light according to said yet anot her

confi gur le of the multi-segment lens of the optical detection
devi ce of the epbodj nment i ig. 16 s a spot diagr

accorfling to si‘l% @%tlsé‘n’ﬁﬁlﬁfé?n@%l:&}’bﬂ?lé)f fitﬂfgré%gﬁi‘?"%eed’f&f f?iﬂlfecaq 1§Ebrrent
| ens of the optical detection device of the enbodi nent; 25Fig. 17A is a
schemat i #eeqigse eleapmifanth the garectivn heppadn e tolﬁélcai@e'@?ﬁﬁo@a‘lle‘ﬂéff 8Etion

devi ce of the enbodi nent; Fig. 17Bis a schematic top plan view of
t he apparthe gsnhaddmeaitng t he optical detection device of the embodinent;
Fig. 17Cis a schematic side view of the anar atus including the 5 opt| cal
det ecti on devi Fég.ofAtihenenpbaiatony diagram of the detecBaniarea of ¢hewatical
perspective view of another apparatus including the optical detection

devi ce ofdetdnticandedcerefithe embodiment;Fi g. 18B is a schenmatic expl anatory
diagram of a nulti-segnent |ens of said anot her apparatus including the
optigal detect iFog TRV an oxbldheoeyrdiddrach oethie détegtioh8Ceh ofahe @ppicahat ory
di agram of a detection area of said

detection device of the embodiment;

Fig. 8 is a schematic bottom plan view of a main section according to
another configuration example of the optical detection device of the embodi-
ment;

15 Fig. 9A is an explanatory diagram of a detection area according to
said another configuration example of the optical detection device of the
embodiment;

Fig. 9B is an explanatory diagram of the detection area according to
said another configuration example of the optical detection device of the

20 embodiment;

Fig. 10A is an explanatory diagram of a detection area according to
yet another configuration example of the optical detection device of the
embodiment;

Fig. 10B is an explanatory diagram of the detection area according to

25 said yet another configuration example of the optical detection device of the



anot her apparatus including the optical detection device of the enbodi nent;
Fig. 19 is an explanatory diagramof a single lens of a nulti-segnent |ens
of a conventional optical detection device; 15Fig. 20A is a bottom pl an
view of a Fresnel |ens of another conven- tional exanple; Fig. 20B
is a cross-sectional view of the Fresnel |ens of said another conventional
exanpl e; Fig. 21 is an expl é?natory di agram of a net hod of
producing a Fresnel 20 lens in a case where each | ens surface on a second
surface si dkg f the Fresnel lens is a hyperbol oid; and Fig. 22 is
an expl afR Y %yr am of a method of producing a Fresnel lens in a case
where the cross:.sectional shape of ch. |l en urface on a cond.surface
ol de of the Prdimel! toneppt difiraf of Hielosecy ferpaieienialiines LM e
| NVENTI ON [ 0042] Hereipafter, an optical detection device will be first
descr i be@pjicehdpecoarmieyiqeriphg emp 04181911'59. 6B. [0043] An optical detection
device Aincludes a multi-segment lens 1 that is 5 configured by conbining
a plurality of Hignd@4 w02 erospisgctiomals Mifw fQdcal MpHs Serdan FACCARHNEN ¢ nf r ar ed
| i ght sensor 2 having an infrared |light receiving elenment 3 arranged on the
f ocal 5posinother (chboBahrpdomtoxapplenof Hbet mulfiesagment. dermwit theepptical
configures a light collection optical systemcollecting infrared light. The
pl ural it yletdcticandedcd 0f tler embodbhnerstd on a single surface. 10 [0044] This
optical detection device A detects notion of an object (e.g., human or the
| i ke) radiatind'igni2Briecan ieghtanaory didgrams off adéeteeelingnpathgnflinfrared he
optical detection device A a pyroelectric infrared detecting elenent is
enpl oyed lghttdreordihganedhid iagltheecenfigume teirearnnpd: of 6B Mmultheegméntir ed
| ight sensor 2 includes an anplification unit 4 anpli- 15 fying an out put
si gnal ofleddef iH¥ stid det@ition @edcy ofthebedimadnt;a determ - nation unit 5
conparing a voltage signal anplified by the anplification unit

10 Fig. 13 is a plan view of a main section according to said another

configuration example of the multi-segment lens of the optical detection
device of the embodiment;

Fig. 14 is a spot diagram of a lens according to said another
configuration example of the multi-segment lens of the optical detection

15  device of the embodiment;

Fig. 15A is a cross-sectional view of a main section according to yet
another configuration example of the multi-segment lens of the optical
detection device of the embodiment;

Fig. 15B is an explanatory diagram of a traveling path of infrared

20 light according to said yet another configuration example of the multi-
segment lens of the optical detection device of the embodiment;

Fig. 16 is a spot diagram of a lens according to said yet another
configuration example of the multi-segment lens of the optical detection
device of the embodiment;

25 Fig. 17A is a schematic front view of an apparatus including the



4 with a threshold val ue and determ ni ng whether or not the voltage signal
exceeds the threshold value, and an output unit 6 outputting when the
deter- mnation unit 5 determ nes that the voltage signal exceeds the
threshold 20 value, in addition to the infrared |ight receiving el ement 3.
In a case where an object to be detected of the optical detection device A
is a human, the anplification unit 4 ild preferably configured so that, for
exanpl e, a voltage signal of a frequency conponent (conponent centered at 1
Hz) close to the notion of t human.is anplified. Then, for exanple, an
anplifi ca%%’r?tl Eiﬁit‘?%%f%l (Eeé’\}?en%ptglefer%gﬂ%lﬁ%%/&é haracteristic simlar to
anplification it escribed in 16 1he above  Japanese Patent,. Publication
oo, | 3000336 ariEabOBI5 7 by Ll o FERGb TR EPBRATF TGRRRE ChF ¢ 4 can
be configured hy, for exanplg, a current-voltage conversion circuit

converti dﬁ’t%?abg?t?é’rﬁé@t‘fqucec?fretrhé}rﬁIPHQ\ﬁiﬁ‘%‘FP“i’s an out put signal outputted from
the infrared light receiving elenent 3 into a 5 voltage signal, and a

vol tage anpl i fif8g- difFcti matye wade WV t ghes agraratus mopdime eheh ned
frequency band anong the voltage signals converted by the current-voltage
convebsi owtieat detactiopydavies of theeergbediminiat i on unit 5 can be confi gured,
for exanple, by a conparison circuit using a conparator or the like. The
output unit 6 dag U8Acanfagenhematiorpesspepive, vagwanl cutqsher capraratud 0
outputting a detection signal when the determ nation unit 5 determ nes that
t he vol t agelusigmahe eptedldietetteon deeshof dhe amlewdifn@dd6] The infrared |i ght
sensor 2 includes a package 7 housing the infrared |ight receiving el enent
3, the anplifi Figi BB unhtschemiatie cqi enatongtdiagramiof aSnultieegniemitlensi t 6,
and the |like, and can be used by being nmounted on a 15 circuit board 8
confi gur ed shidanétheriappadatiy inctudiagritie dpefcal detetivackadee éf tlauseboan

el emrent hol ding nenber (e.g., MD board or the like) 9 nounted wth the

i nfraped diim@ht; receiving elenent 3 and the |like. The el enent hol di ng nenber
9 is also mounted with an I C device (not shown) configured by making the

anpl i fication gnpt 14C 96 kSIAABLY MiakPith of 2WbtédtforP WRH! ofQaitDi t 6
into a single chip.
another apparatus including the optical detection device of the embodiment;
Fig. 19 is an explanatory diagram of a single lens of a multi-segment
lens of a conventional optical detection device;
15 Fig. 20A is a bottom plan view of a Fresnel lens of another conven-
tional example;
Fig. 20B is a cross-sectional view of the Fresnel lens of said another
conventional example;
Fig. 21 is an explanatory diagram of a method of producing a Fresnel
20 lens in a case where each lens surface on a second surface side of the Fresnel
lens is a hyperboloid; and
Fig. 22 is an explanatory diagram of a method of producing a Fresnel
lens in a case where the cross-sectional shape of each lens surface on a

second surface side of the Fresnel lens is linear.

25



[0047] The package 7 is configured by a disk-shaped stem 71, a cl osed-
bottonmed cylindrical cap 72 connected to this stem 71, an infrared transm -
tting nenber 73 arranged so as to close an opening 72a formed on a bottom
of this cap 72 and having a function of transmtting desired infrared
light. 25 For exanple, a silicon substrate, a germanium substrate or the
like is prefe- 17 rably used as the iifrared transmtting nenber 73. In

t he package 7, both of the sten171 and the cap 72 are formed by netal

Connect ed By T R O b L P PN TR0t i cal et ot on
device A, 0645133% rﬁﬁer a%looh?ga]bgetegﬁgﬁuéewmes%qwe flrgl?ﬁe&crﬂ? d'i(zxﬁ%;ged on

one surf ce's e’circ oar sO as to cover age

space between th r...O and the package 7 is an air |ayer and
functlon§M§§eﬁc%§aﬁmgﬁ§%H§Fb éﬂ%ayer [0049] As the pyroelectric i nfrared
detectin nt t hat onfl ures.th i.nfrare ceiyi el enent
3 For eXafibFE Amontid dofpeniay BRiceck iTauaPe fontitiRERREHORD 0 P IF ce

el ements (Ii.ght eiving units) 31 are forned si ngl.e pyroel ec rlc
subst Pat ecoeégué%%fy cRaaHIngsa gHFHRAIHN Oﬁ.lanseaB18rnha\ﬁ@g. the sfee facg
receiving el ement 3 shown in Fig. 6B, four device elenents 31 are arranged
in the f@ositem & and ap iniyasd hﬁbt semgre? PV aptinfiared lgldseraivango. | n
an exanpl e shown in Fig. 6B, the planar yiew shape of each device element

31 is a Sdpmest Semlang\ei aevhe docall @eeiion FocalrrointrBngevskerts He medtit er s of

the device elenents 31 are |located on four corners of a virtual square
i nner t haagerentlers 1conbignfes @ highalkcollesteonbptital gyptanlcetecting sufreredt e 30
on a central part of the pyroelectric substrate 30. 20 [0050] Each device
el ement 3ighaf e plofalatyed lehegddt 10 kaee vombireddeomatsiBglesswerfaapaci tor, in
which a part of the pyroelectric substrate 30 is interposed between a pair
of ehect fookesl (it shvah)detacdopaleariéd ilesletécts hmotloac bf adebljatategl, on t he
mul ti-segnent lens 1 side anong the pairs of electrodes of the respective
devi ce elheimh DrIhedilke)sheMatinktilfisys®ght, Andandputs al detbt@on &Bznal.

In the optical detection device A, a pyroelectric infrared detecting element is

employed as the infrared light receiving element 3.

[0045] The infrared light sensor 2 includes an amplification unit 4 ampli-

15  fying an output signal of the infrared light receiving element 3, a determi-

nation unit 5 comparing a voltage signal amplified by the amplification unit

4 with a threshold value and determining whether or not the voltage signal

exceeds the threshold value, and an output unit 6 outputting when the deter-

mination unit 5 determines that the voltage signal exceeds the threshold

20 value, in addition to the infrared light receiving element 3. In a case where

an object to be detected of the optical detection device A is a human, the

amplification unit 4 is preferably configured so that, for example, a voltage

signal of a frequency component (component centered at 1 Hz) close to the

motion of the human is amplified. Then, for example, an amplification unit

25 having a frequency characteristic similar to amplification units described in



25 In the infrared Iight receiving element 3, the two device elenents 31
with the 18 sane polarity on one of diagonal lines of the virtual square,
anong the four device elenents 31 are connected in parallel, and the two
device elenents 31 with the sane polarity on the other diagonal line are
connected in parallel. In short, inthe infrared Iight receiving elenent 3,
assum ng that respective 5 positive ditfections of an X-axis, a y-axis and a
z-axis are specified as in a rectangul ar coordi nate system shown on the

Fant s’ 48 OlbdleOabthosk Ba il BaMiGRidH KRN 308336 AP S0HESOP Al ghed

al ong the x-axi's directron are connected 1 n inverse para an e two

device el emgnts, 31 formed tq.be align al o th -axi.s direction are
connect od T 1 fca’ HF drindihefm o8 FhP B chBReliALbE LLESEHAIE £ 5. s
and 3B) of th _qﬁfical det ecti on device_@ i s deteinined b% Hhe i.nfrared
light redBr{ATH Bragseranvar AR L eAnYcr dpg feRYTAelerdf COTHRte FOHER 15 1 t he
detection area 200 of the optH%aliggte tiog devi ce A, thF sanme_nunber of

det ect i ottt SRRl owtRBtlsd R the infargd Jighd rereiving slementt $iptoid t he
exanple of Fig. 6B) are set for each lens 15 101, The detection beans 220
each Aar e valtagasignalnged prvolifgerrmpliipe paewtt aaaphiyinga okfagsragnaliigi to the
infrared |ight receiving el ement 3 becones a peak range, are an effective
regi on | Profetermined dreshemicyrharid amons Bl seltage smadecerveded dydthect ed,
and also referred to as a detection zone. [0052] In the optical detection
devi ce Acghpmt voltagegonygrsioneinsuitt | Fsughenthedetearmgination wohbiqurks by t he
2*8 | enses 101 as shown in Fig. 1B, so that the 16*4 detection beans 220
are set iconfigeraktfec exempde chy 20@magagbaweinicnitFiging3a cingamatryerr te t he

| enses 101 of the nulti-segnment lens 1 is not particularly limted.

[ 0053] Thike. i Sheasutpliowmit 6 chinghe ddhfigurednfdrtéxaseglepby dreostphitichctuiides a
first 25 lens group configured fromeight |enses 101 on an upper section,

| i neag| y outPutrinoadetealoamnggaal wilah-thefdetdihacitianuptn® ddicratbeovhat and a
second |l ens group adjacent to the first I ens group and configured from

ei ght | efgBesolkAde afprllequeidssiel theshdlinedaéy arranged along the right-1eft
direction (one direction) simlarly. 5 [0054] Figs. 3A and 3B each show t he

det ect i ofp@deIaTRAAnfRArad CRHE sWhSHE2 1hQuass hGRlckdst T dudingleNs efrArdd
arranged above a floor surface. In Fig. 3B, 'the polarities of the device

el ement 1,34+ L0 el rd & GAE 100 PEAIBord a8 €Y {RSARREmIMA S1iSH MR 5N the

det ecti on Eéans 22% on a detection surface 210 set on the floor surface in

the deteg é%%tg{égﬁrlsxﬁggjovﬁgféigﬁﬁ%qﬁ&[ Sand* caR" b “used tégﬁgﬁg%o%&dﬁ’t%hyon ln short,

the detection ave’a polarity corr ng to that of the
the fot ot on bodt Hhehspfed B R Rt iR Yos N FROE L h BRETT. %3,
T the'r Bopath 105 11BRSELORh s EanERRRE R BIRAed & YUY S EERY rxt mum
tof t hewit gog: inBuiednbeBY G Eeinn B HlemEates Ot (e Ko SUnEERORT om the
Gl ament . BOSGE FAGBECHP oS BUO S BB @ fegiro BEE RIPFR SSRERED ong 1
side) Ob; %:Qkilnegnt%elaomlpﬁfeiggtrirgg u%?{] le,t ﬁlrt]et dea}c?armination unit 5, and the output
20  unit 6 into a single chip.

[0047] The package 7 is configured by a disk-shaped stem 71, a closed-

bottomed cylindrical cap 72 connected to this stem 71, an infrared transmi-

tting member 73 arranged so as to close an opening 72a formed on a bottom

of this cap 72 and having a function of transmitting desired infrared light.

25  For example, a silicon substrate, a germanium substrate or the like is prefe-



20 show in Fig. 6A, and hence wi dths Wof the detection beanms 220 on the
detection surface 210 can becone the sanme. Therefore, dinensions of the

det ecti on beans 220 on the detection surface 210 becone constant, so that
detection capability on each portion of the detection area 200 can becone
equivalent. In a case where difference_between the maxi mumthi cknesses t 25
of the I enses 101 is about 100 pm t hd"t hi cknesses with such difference can
20 be regarded as substantially the sane thickness. [00571 In order to

i ncrease Ila%gy e 5@%@'@@%&9 nefh Bk biiePPi cah dReeiLon dayie A

the nmul ti- 'S con ure t he nu enses 101
d t E I th th nb
of TonceshitE sftha riﬂ%héec‘ffp'ﬁ%x%é‘e ééﬁg%%% | nq@) 3Rh R S B "ohown
in Fig. 1C rrb f the | 0 d al
o s onps B TS B e 28 SR NG R ne

y-axis direction iis two. In the optical detection device A the relative
posi ti on&l lVﬁéPafﬁréﬂ of the multi-segnent lens 1 and the infrared light 10
FECEIVIH% ment 3 is specified such that the positive directjions of the
x-axi 8, tlA@4§L dxn; Qleaﬁatlpﬁle detegkion davicpgd BCcewhT BYRbRY (0 bﬁ‘émfgo@‘%l ve
dlrectlons of the x-axis, the y-axis and the z-axis in Fig

respect i venlti-segmehblans | is atvanigad oarenp sunface $lééélf\ﬁhﬁ@11@!1€rﬂ%(rﬁrd§ s¢ he four
device elenents 31 forned in a square are arranged in the formof a 2*2

mat ri x i rsploaererer whevpackage flr thepats betee¢mitharceder ny%tmbmed@landmhfel ement
3 is arranged so that a direction along a single side of the

above- nemiaickage T\ib ahuak 1sypraaed fonctoidess ailieht ansilghingllefer.di rect i on.

[ 00581 But, the arrangenent of the infrared |light receiving elenent 3 is
not | i m {eo49lo Ashtlss pgnckletieicd aviiraeedkldetmtis dlemeyt braticoafigacksschd hat a
20 direction, in which respective diagonal |ines of the two device el enents

31 | goat edfraedilagnnadcepaait élofnferan®niit beahpls, deyiLne tgpemabsleddriar r anged
inthe formof a 2*2 matrix are connected with a straight |ine, coincides

wi th theeldabht liafWhith Rk ideRicef denfrasllight JdRiving ulib® 3nhraf®ehdd ght
recei ving el enent 3 may be arranged so that a direction along a single

di agonal ohi 1gile %‘ézraa@cﬁhpg@bﬁgﬁé 90echy be tikal, GUABRCRI PE. IS, Wid h the
right-left direction.

the infrared light receiving element 3 shown in Fig. 6B, four device elements

31 are arranged in the form of a 2*2 array on the single pyroelectric

15  substrate 30. In an example shown in Fig. 6B, the planar view shape of
each device element 31 is a square, and the device elements 31 are arranged
so that centers of the device elements 31 are located on four corners of a
virtual square inner than an outer circumferential line of the pyroelectric
substrate 30 on a central part of the pyroelectric substrate 30.

20 [0050] Each device element 31 of the infrared light receiving element 3 is a
capacitor, in which a part of the pyroelectric substrate 30 is interposed
between a pair of electrodes (not shown), and polarities of the electrodes
located on the multi-segment lens 1 side among the pairs of electrodes of the

respective device elements 31 are shown with symbols “+” and “-” in Fig. 6B.

25  In the infrared light receiving element 3, the two device elements 31 with the



[0059] In other words, the device elenents 31 nay be arranged so that the
direction, in which the single diagonal |ines of the two device elenents 31
| ocat ed on the diagonal positions anong the four device elenments 31
arranged in the formof a 2*2 matrix are connected with the straight |ine,
5 coincides wwth a direction, in which the | enses 101 of the first lens
group are arranged (one direction). F@OGO] In this case, the infrared
light receiving element 3 shown in Fig. 6B is rotated by 45 degrees in an

XY pl ane, and the detecti £ the optical icon_devi
A1 8 Sot caBRCRORAY pEPpe ot AR FR o WBebrdT SBRhkE MraPh L B8 77 cc®
bet the. ad] det ect i on .beans, 220 formed by the diff |

101, amor IR IE B IEh Gep FOSEUaREn AR AUEL i Bt VPRSP REERt | enees

101, can be, reduced, apd.smaller notion of e object can pe detected. In
this cas&ith ﬁgepqaé%‘? Brlarity emghe &tmﬁrawgﬁaéi Eé‘et Poﬁ?@ﬁl@fﬁéb %%aéé?%ct i on
beans 220 with different polarities, and that output of the 15 device

el ement s [8shost, gnfthet infeared dighidrecoians chame Rt papetninghthateespostave el enent
3 shown in Fig. 6B, described above, is rotated by 45 degrees in the XY

pl aned amgsitive Hinesend Of aof xtdwdsnalit axiseynd it Z1agas are gpeciiedanydd & o be
staggered as shown in Fig. 8, the detection area 200 of the optical

det ect i omectevigudarAcoa dseteasy sstiowshawn Eingshe 9ikhandidoBf Bigd 6Bhdharvemgenent
of a 20 plurality of the detection beans 220 becones staggered. Thus, the
optical devieetblemaesi 82 Aromd detlectalighedsakinigetherot-avrs direchienobject .

[ 0061] The multi-segnent lens 1 shown in Fig. 8 includes a first |ens group
conf i gur ednhe@and finviaveedespardllsl, andaheuppedesiectdlements Bédblmedrtoanged
along a right-left direction (one direction), a second |ens group adjacent
to the fialighedalbensh@y ks dndctionfargbadedtedmmfiiauerdeqnaaslel01 on a mddle

section, linearly 22 arranged along the right-left direction (one
di regdi ofposiIMal @sto¥sioANthed 200 M(shd TS FOURIIYBRGE Rhe toptida® deesaish | ens
group and configured fromfive I enses 101 on a | ower section, linearly

arr anged gal RRIA e dtbBRind €ty B8 Satrhody (018 AcERGhE AR meh d Akldythdiere,
the I enses 101 of the second’lens group are 5 arranged to be staggered with

respect }xgu%fge Iﬁ@ﬁﬁ?&soi. Ofl‘hte?%o%%\,gﬁf tROG L& h Less 29N HP%@%R%%PS“ ng

right-1le ctional widths o enses 101 arranged on right and |eft
by ar r anceBeng i eyl 4 th At bl GaRrith BLRERMad ARk BRRE; QU eC
51 i pl Ahde Grati R Beatier Bl S Ep RS, ER) Bt Tl BEP BTl ° ey
of arhr 4TIy G ht Frefeh Babs wECHE ik Aol aBhsBnor MRt dare
»? ﬁteegtei gg{l}dogll\glitc aiﬁggagggei{gh%ftﬁ;%%%ﬂi'a@egilggsh't r]é%év?rqg e eonl?énts g k;[er(]:g;[nevs\li adt hs of

peak range, are an effective region in which infrared light from an object to

be detected is detected, and also referred to as a detection zone.

[0052] In the optical detection device A shown in Fig. 1A, the multi-segment
20 lens 1 is configured by the 2*8 lenses 101 as shown in Fig. 1B, so that the

16*4 detection beams 220 are set in the detection area 200 as shown in Fig. 3.

The number of the lenses 101 of the multi-segment lens 1 is not particularly

limited.

[0053] That is, as shown in Fig. 1B, the multi-segment lens 1 includes a first

25 lens group configured from eight lenses 101 on an upper section, linearly



15 right-left direction (horizontal direction), and spaces between the
adj acent detection beans 220 can be reduced, and detection of the notion of
the object radiating infrared light is facilitated. [0063] Each |lens 101 of
the multi-segnent lens 1 is a Fresnel lens, a first surface 110 is a plane
surface, and a second surface 120, being the reverse 20 side surface of the
first surface 110, has a plurality of 1Pens surfaces 121. In the pr esent
enbodi ment, in the light of the fact that an appearance surface on the

peri phery of th |ti-segnent.lens 1.is often | ane_surf.ace or. a curved
Surf ace TRPEREAIONE S ST g Sebampientdinectiot Bpda setPRaREs Shotea
detection device A. the ane surface is_.enpl oyed as firs urface 25
150° ThaedRsE e tipdrst KO enerpptraieated fidm ateh Tressel 0 bRB S of the
23 multi-segment .lens 1 and an appearance surface .of tfhe nultj-segnment |ens
can be sUBYEEAEFAPEIRGAF amrrgeé*a%]ﬁnsttﬁl@rr%'hﬁ%@gt 311”88H9Pn(%%§1”§1‘f£1%g‘§? .
Therefore, in the optical detection device according to the present
enbodineﬁ%?ﬂh@k%gn of the apparatus equipped with the nmulti-segnment |ens
can be 5 inhibited frombeing damaged by the nulti-segnment |ens, a human

| ooki Ag dP0D#ke Eigparhand ddheadeshowithe deteatioomueaddyina tast whgrethe
strangeness on the appearance of the apparatus due to the nulti-segnent

| ens, andptival dppratimnudedcriAppedrangdd ahevaralftdorsegfaent lerSigcdh, hhwe
beauti ful appearance. [0064] As shown in Fig. 4A, the lens 101 has a
central Ipehsripiostofobhd Odevice el@mphty @l ty whidht whe | detantien abgdessA2n i n
the figure) orbicular zone-shaped | ens portions 101b surroundi ng the

central lcensspond iaga shOda inltiee detvtiondfeatnie 220 bincudatecronesatiage?10 ens
portions 101b is not particularly limted, and three or nore orbicul ar

zone- shapetl ohefle flosit seifaceay the diptiyedred 1280l with dhbok ‘a’condérser | ens
in which the second surface 120, being the 15 reverse side surface of the

firsyosunbasetdbly. Nasslrp] tHealldte¥tibh behthd 226 cath haoes gAdritandridst ens
surface 121 of the central lens portion 10la is a convex surface. In short,

the | ens plQdih s QIR elevi@ Sl GRRAM 1€0:10h SRIEHAS basidi Ckness as
conpared " with a thickness of a convex |ens. [0065] Each orbicul ar

[
zone- shapgesA e cPaL kA MU AP o HOUR! LR PBR! S ¥Iad0 2110 Lirh gy second
si de. a

surface ach nountarn portion 111 s a rising surface (non-1lens

surface) g 8§P(§‘H5(985§1?efeﬁ%ﬁts%ﬂ?oﬁ‘%é@ﬁﬁpgQO%Hg.d%%égt{ beSAS P L1 on

101a, an ens surface conf i1 gur m a side surface on a side
08ROt L o8 5l AR, ATl IGAS sty
15 set to have the same maximum thickness. Here, in the optical detection
device A, the maximum thicknesses t of the respective lenses 101 are the
same, so that a distance d from the plane surface including a light receiving
surface of the infrared detecting element 3 (surfaces of the device elements
31 on the multi-segment lens 1 side) to each lens 101 becomes constant as
20 show in Fig. 6A, and hence widths W of the detection beams 220 on the
detection surface 210 can become the same. Therefore, dimensions of the
detection beams 220 on the detection surface 210 become constant, so that
detection capability on each portion of the detection area 200 can become
equivalent. In a case where difference between the maximum thicknesses t

25  of the lenses 101 is about 100 pum, the thicknesses with such difference can



25 respective orbicular zone-shaped | ens portions 101b. Further, the second
24 surface 120 of the lens 101 also has the lens surface 121 of the central
| ens portion 10la. [0066] In a general aspheric |ens, when the |lens surface
is represented by an aspheric surface Fornmula, the following Fornula (4) is
obt ai ned. However, 5 in Formula (4), ? si ngl e plane surface orthogonal to

an optical axis is defined as an XY p gne, an intersection of the KY plane
and the optical axis is defined as an origin, a distance fromthe origin in

the Xy p'baer&%gjﬁdéj&g%gﬁﬂs%%tiau }ﬁéé&xﬁ@%ﬁicﬁ{%%.t he XY plane in an optical

axis direction i1 s I ned as conic constant is defined as k, curvature

of the i tion;of .the lens 10 surfac he -opt j.cal is i.s defined
as c, angb§é§fgna%%rret%()lp e¢ SFoﬁlheconTr%ZlO@;%aelﬁ% %gie[ (5)66‘2]]9% VAt ﬂ%(é P 1zlr (i]+ azr 4
+ a3r

6 + + anir2ni,Formul a (4) 1 + - + 1)e 2r 068} In Fornula
(4t ebgeu i HEp A B i et dcb bt Bataded S e RmaRY | he
| ens surface beconmes a hyperboloid in a,.case of k<-1. Therefore, en
Ui i 21 ng RS 1 | ayrangpialons uiprais dirgriangin Bl e i rgratiss 1 i oh
a rotation axis i s inclined by an an?le O with respect to normal_|ine of
the fPrswWppenof lenges sHH jaxFangedy alonmia jyra¥igefireghionn iﬁé@ﬂee ip £h¢ be
apl anatically collected on the focal position F by configuring the |ens 20
sur f aces eXample shopar s Fig. o chernypabpy pbtls lerpss T0dovopngpd mlangiéhot es an
area of the first surface 110 of the lens 101, in the |l ens 101 having the
| ens sur fagds dizdctiamis gighéd ahdothet nembgrrtod the lensehyPérarshoied aloseg i n
which the rotation axis is inclined by the angle O with respect to the
nor mal | ithe yofxishéirbétion isdmoacdnithe, oplesdr ddtedtiom aleyiceads dhie nglatige
positional relation of the multi-segment lens 1 and the infrared light
10  receiving element 3 is specified such that the positive directions of the x-axis,
the y-axis and the z-axis in Fig. 1C correspond to the positive directions of
the x-axis, the y-axis and the z-axis in Fig. 6B, respectively. In short, in the
infrared light receiving element 3, the four device elements 31 formed in a
square are arranged in the form of a 2*2 matrix in planar view, and further
15  the infrared light receiving element 3 is arranged so that a direction along a
single side of the above-mentioned virtual square coincides with a right-left
direction.
[0058] But, the arrangement of the infrared light receiving element 3 is not
limited to this, and the device elements 31 may be arranged so that a
20  direction, in which respective diagonal lines of the two device elements 31
located on diagonal positions among the four device elements 31 arranged in
the form of a 2*2 matrix are connected with a straight line, coincides with
the right-left direction, for example. That is, the infrared light receiving

element 3 may be arranged so that a direction along a single diagonal line of

25  the above-mentioned virtual square coincides with the right-left direction.



t hat PWdenotes incident power of infrared |ight incident fromthe
detection surface 210, the incident power PWis represented by the
following Formula (5), where Kin Formula (5) is a proportionality
constant. [0070] [Math. 5] 5PW= K S cos4 8Formula (5) [0071] Therefore,
when the area S of the first surface 110 of the lens 101 is constant, the

| arger the angle O of the Iens 101 is, lihe smaller the incident power of
infrared light is. The nmulti-segnment lens 1 is preferably set so that the

cur face. 8°Ta0 R PR a' s S 4Pk clieh M SEmdy BeRhiinRedlo PRLHEN. 100

i d.f t f th | t th I h

<or e BASIET S S TURTEC I 10B i S5
fromthe ,c agc r of $hedwlt|-se ment lens 1, er. th {jthe
second SL}P‘F € ?QO ¢ digggnal HOSIHMRS AINPRS s ﬂ’t‘r Ghvécei e}‘ﬂ%fh ene

that is resint gltfllng 5 |nfrared light is addopted as a Ig z mat eri al .
However, atapged iythe.fg  Penmaitixie ennestad FeHs the straigBydineas each
| ens 101 SO that d| ffer ence between paxi mum and m ni pum t hi cknesses At
(see Bi g.coumidesyitdea darnstion. whvwhich ihe dergesgl Alnef thenldrstlens grogmargecond
surface 120 of each |lens 1Q1. Then, in the nulti-segnent lens 1, a |ight
pass | engianged ameailé@pth ht 20 incident froma direction oblique to the
normal line of the first surface 110 (direction not to perpendicular to the
first surlpacel 1nshiceasebtheshdrareddightaedeivizg sleimanint shewn ibd'ignBBaved.
[0073] Although silicon, germanium and the like are cited as materials

t ransm t troteged rfyr 4 delgﬂeieg it ani XYipdaoe,fdricchénce thendedsetpowduer 200 f the
conplicated 25 shaped nmulti-segnment lens 1 fromthese crystalline

mat er i al $ptical dbeecoichedevied Ahandt geodhostmyh diigs.i BA anaaTBr | &h thisacsw, tti ng
infrared light, and further can transfer a conplicated shape of a netal

mol d1by ithpfdbreQrh Spd @i gweandtHeeandiacé et wdl detect RGBS mE @29 fbrarid e
mass- produced. [0074] However, in a case where each of the | ens surfaces

121 is CQHEicﬁﬁéﬁdltﬁehémal,p(ﬁhbngfthb Heuh MBgichidhObshnd 220Nkt tthe c Aol aFi on
axis of the hyperboloid 125 is oblique to the nornmal line of the first

surface 1R0qdpaeht |1@1E§%s5]!€f1f %ﬁﬁ blezx%dh%ed' Und Qﬁn%‘ll'ei? Rdtion 8Y RSB et Mt D
respect to the normal |ine of first surface 110. Therefore, it is

oL e e, Tl R i ol e

two detection beams 220 with different polarities, and that output of the

15 device elements 31 is offset is reduced. When the infrared light receiving
element 3 shown in Fig. 6B, described above, is rotated by 45 degrees in the
XY plane, and the lenses 101 of the multi-segment lens 1 are arranged to be
staggered as shown in Fig. 8, the detection area 200 of the optical detection
device A is set as shown in Figs. 9A and 9B, and the arrangement of a

20  plurality of the detection beams 220 becomes staggered. Thus, the optical
detection device A can detect the smaller motion of the object.
[0061] The multi-segment lens 1 shown in Fig. 8 includes a first lens group
configured from five lenses 101 on an upper section, linearly arranged along

a right-left direction (one direction), a second lens group adjacent to the first

25 lens group and configured from four lenses 101 on a middle section, linearly



[0075] On the other hand, in each lens 101 of the multi-segnment lens 1
according to the present enbodi nent, as shown in Figs. 4A and 4B and Fig.
5, for exanple, each of the lens surfaces 121 of each lens 101 is
configured froma part of a side surface of an elliptical cone 130. Then,
any normal line 15 intersecting with Egch | ens surface 121 configured from
the part of the side surface of an el Ffptical cone 130, anong the normal

| ines of respective points on the first surface 110, is non-parallel (that

Fe | oL SRRy PR Al S Rl SAATD gy Seppnd 0 Lo
o SR TR R B IR0 20 o1
LTRSS AR S T O AT
EER SN TN U PR O R I ERER N 1 D
such g diarrgaclgéeodntoaks)e ggagcg%?gg (\gx}it}??gsr})e%g It(;1 E:hg ?er}sgg 102170f the first and third
lens groups by adjusting right-left directional widths of two lenses 101
arranged on right and left both ends.
[0062] The infrared light receiving element 3 may be configured by arran-
ging a plurality of the device elements 31, each of which is formed in a
10 rectangle, in a short side direction of the device elements 31 in planar view.
For example, the infrared light receiving element 3 may be configured by
arranging the rectangular device elements 31 in the form of a 1*4 array. In
this case, the detection area 200 of the optical detection device A is set as
shown in Figs. 10A and 10B, so that widths of the detection beams 220 in the
15  right-left direction (horizontal direction), and spaces between the adjacent
detection beams 220 can be reduced, and detection of the motion of the object
radiating infrared light is facilitated.
[0063] Each lens 101 of the multi-segment lens 1 is a Fresnel lens, a first
surface 110 is a plane surface, and a second surface 120, being the reverse
20 side surface of the first surface 110, has a plurality of lens surfaces 121. In
the present embodiment, in the light of the fact that an appearance surface
on the periphery of the multi-segment lens 1 is often a plane surface or a
curved surface with small curvature in an apparatus equipped with the

optical detection device A, the plane surface is employed as the first surface

25 110. Thus, in the apparatus, the appearance surface on the periphery of the



first surface 110 and an intersection at which the normal |ine of the point
interests with the |l ens surface 121 is specified as a |l ens thickness
direction, when the first surface 110 is the plane surface, a direction
along the normal line of each point on the first surface 110 is the |lens

t hi ckness direction. 5 Therefore, in ch of Figs. 4A and 4B, a verti cal
direction is the |l ens thickness directPon. Accordingly, in each |l ens 101,
each lens surface 121 is preferably configured fromthe part of the side

surface gf,, {18.60IeSRonY! it ok S;agﬁhc%%g?%%g%fttﬂ@tmpfﬁ SRR T

| ocat ed on econ surface tom surtace ({not shown)

| ocated on the fi a and th 0 centra shown)
obl i que f@ntﬁg F%ﬁ% ﬁa@Wh§ﬁ§% t%%ﬂ% tha?%%oss sect |on¥§ Sﬁ%@%

i ncl udi ng, .t he.normal . lin first. surface 110, .an_a d by a
surface g%‘?i”ﬁf%? ) tpﬁé)p?}craitde%‘ffﬁ’foa’cgeilfﬁ %ﬁﬂr(ﬁgghtol g}?sp%ggpgceeno]ﬁ‘% is an
obtuse angle, and an_angle forned by t rf.ace al | el the fjrst
surface P60kqfesea Al ?fi‘es ARBAEAIMP &8@111129219% Liat}é‘h ‘ﬁi?‘?g&l?? f‘inﬁlﬂanah%l e. 15
[0076] Hereinafter, the lens 101, in which the res?ectlve | ens_ syrfaces 121
are céonf ilghpaeed from tbﬁelgodaﬂsag@fi bshéhem'éltba@graee% g1S: BhBuUBAY cones
130, as shown in Figs. 4A and 4B and Fig. 5 wl]| be described. [0077] In
order t o adheappheaprotsinehe m}nhtteﬂsfromdwp’rlemacfeehng obstreagenescen the devi ce
capabl e of suppressing occurrence of off-axis aberration of each |ens 20
101 uti | iappegramei dethe hpghrat@isrduatedhe imyhlt) sedmegtidens,iand dhatrrpgon t he
first surfaces 110 fromthe outside world, suppressing reduction of
sensitivhayusammnmmdumhhgheheuhbsegnmuml&n%mmmhanQeah@ﬁdﬁneﬁa&wmw-of t he
mul ti-segnent lens 1, the present inventors have conceived as follows: That
is, as ta0a64lt Asdsrovistin FitudA, the Wr<chOl hassecandtak lifsapertk?010%a, a

configured fromthe respective 25 parts of a plurality of the hyperbol oi ds
( one 18heguaflityy@etthol @ 8nafxample Adwisieehs)figR) habicudat bens-shapédn axi s

(principal axis) oblique to the normal |lines of the first surface 110, the
present iavepbRicnNRYEH caRRINGEEg thalcehtral hen€ hosiHors a0 honTheshanber
including the normal lines of the first surface 110, the aforenmentioned
respecti e tH@rérﬁleflai‘ Q@n&'sﬁéﬁédl tléfn@bohm% h@hgllgsﬂo% RI@1SrI3ARLoedat ed by
straight |ines. In each hyperbol oi d 125, ection of tangents of
respect i %ﬁgpawesop%ae%ﬂﬁéue?%nensﬁﬁe*aoma#)oft@oﬁ&ewryano@télaiakg»éus of the
hyper bol ol d 125 becones a circul ar cone heretfore, in a Fresnel "l ens

cont | 9ur 4 SMER Fdiats £R60ILANS 190 12GREh hA%CBHLE SUPMCBUIHRERIAS the

rotational Ty symetric enp oy|ng nor ma ne o i ncident surface

as a, ot %\'/eo neaé(lldg r?g ce o?nc Sﬂrstag’Srf(a?%OQ% E}FEPJ %XPHP!Ia?{E b f Hbee 10% of

t he s de sur ace of he circul’ar con ect an ar coordi nate

2 axis antroys 2ot WM Rsthaiseleh Sither i T FR g0 T RS o o™

speci fi ed, and a a ort hogonal ,to t 15 an Iane rface
sBec:f:eaoméegw 2 e phorty ) L d0d e:%a&ﬁﬂ@%%e of g agab R & of ¢ he

circul ar ne, q@b and c denote coe f| C e ts uat n of the
circul ar r% Hang & thigknessmseprppaadent Be%st %I&?%I Fot°MS- where t he
coeffici nt ﬁ IS a constant irrelevant to Z. %0] [ Mat h. 6]

0065] Each orbicular zone-shaped lens portion 101 has a mountain portion

20 111b on the second surface 120 side. Each mountain portion 111b has a
rising surface (non-lens surface) 122 configured from a side surface on the
central lens portion 101a, and the lens surface 121 configured from a side
surface on a side opposite to the central lens portion 101a side. Therefore,
the second surface 120 of the lens 101 has the lens surfaces 121 of the

25  respective orbicular zone-shaped lens portions 101b. Further, the second



X2+ y2 Z2 20 b2C2=0 (b,c> 0) Formula (6) [0081] In a frustum of cone
configured by cutting this circular cone by two surfaces parallel to an xy
pl ane surface, the aforenentioned parts of the respective hyperbol oids 125
in the above-nentioned standard structure cannot be approxi mated. 29
[0082] On the other hand, in each hyperboloid 125, collection of tangents
140 of respective points on a cross-séétion not perpendi cul ar to the
rotation axis of the hyperboloid 125 beconmes an elliptical cone. Here, the

present invento h ocu n the. fact that.in e erbol qi,ds 125
havi ng. ¢ Hav Bk BFKG 18R I0T P b eh8itnd sl gl AR TeRBT 6 sy
the elliptical nes 130 comng in contact wth the hyperbol oids 125 on the
respectiﬁ%“%@?ﬁﬁghbn the lines of intersection of the plane surfaces
oblique t he principal axes .of the hyperhol oids. 125 and the er bol oi ds
125. Ther@ogﬁﬁ Iﬁraeg%‘}ﬁrah ﬁ§€li1ﬁr6? L‘?fﬁa%le 3?9%8“%%‘5? 1% Ff‘é’rleé?%tegty}fyf Aes 121
are configured 10 fromthe parts of the side surfaces of the elliptical
cones 13@8&)@31’10@\;@%@%@11& the foBawine Fremade sMoissehtrires 1 J90wpHey, t he
bott om surfaces (not shown) |ocated on the first surface 110 side, and the
central dreformata honaingddplangesurbacnerthogemal tojareepigealiands is definedr f ace
110. [0083] In the lens 101 of the nulti-segnent [ens 1 shown in Figs. 4A
and 4B 1%sand KNgplae, wirennfaysestiony @mmhxﬁﬂg@m@ anida tles oppicat ayis geir ed
fromthe parts of the respective elliptical cones 130, since the elliptical
cones 13Glefimed ashen hyiges, kol aiscel26mi Heconigiedin thet X¥ pdhhe pt defaedtanes 130,
and inclinations of both of the tangents of the respective points on the
| i nes of d distasecfionn thé XYigleht iiptdicapticahesisl@@eatiah idhdefippérasot,oa ds 125
coincide with each other, Iight

conic constant is defined as k, curvature of the intersection of the lens

10  surface and the optical axis is defined as ¢, and a2 to am are correction

coefficients.

[0067] [Math. 4]

2
r

1+ 1= (k+1)c2r?

[0068] In Formula (4), a first term represents a rotation second curved

va,rt +ar® +ova,r?” Formula (4)

m

zZ=cC

15  surface, and the lens surface becomes a hyperboloid in a case of k<-1.
Therefore, when utilizing Formula (4), it is possible to design a hyperboloid
125 in which a rotation axis is inclined by an angle 0 with respect to a
normal line of the first surface 110, and infrared light incident at an angle 6
can be aplanatically collected on the focal position F by configuring the lens

20  surfaces 121 from parts of such hyperboloids 125.
[0069] When S denotes an area of the first surface 110 of the lens 101, in the
lens 101 having the lens surfaces 121 configured from the parts of the
hyperboloids 125 in which the rotation axis is inclined by the angle 6 with

respect to the normal line of the first surface 110, described above, assuming



20 beans passing through the respective points on the lines of intersection
of the elliptical cones 130 and the hyperbol oids 125 are collected on a
single point on the rotation axis of the hyperboloids 125. In this |ens
101, at least one of the plurality of Iens surfaces 121 is configured so as
to have a shape in which a part of the elllptlcal cone 130 is cut off so as
to include the line of 25 intersectiof®of the elliptical cone 130 and the
hyper bol oi d 125, thereby belng 30 capable of suppressi ng occurrence of

ff-axi Wt f e | t.,ab I
ionci g)élnts %mﬂ' hde %ess?ncé e Z‘g Vgerﬁ%mff aorr% oﬁ)tCﬁﬂ} éﬁ\l/‘\(%?lt 2 A d‘¥u0| ng
th t. h t t
1116 is, %w?ia%&fed‘éés.wﬁﬁflaﬁwﬁéﬂ@ s qEBTsra et ﬁ&gﬂqe fﬂflgwsn%%m a'éﬂ?%por o
t I | ect d the | f
ot er sectPhavhtie RandfiTBndh! FbREHSAHAY KTHERer bol of d 126 1 nscr i bed
in the elli con 130 Is preferably intersect with the nountain

t
portion 1[998 [C[M?éh] he hei ght of each nountain portion 111b and a space

bet ween t he apexes of the, adjacent nountain EOFtIOﬂS 111b need to be set at
a val e PW =K-S -cos"6 Formula

[0071] Therefore, when the area S of the first surface 110 of the lens 101 is
constant, the larger the angle 6 of the lens 101 is, the smaller the incident
power of infrared light is. The multi-segment lens 1 is preferably set so that
the larger the angle O of the lens 101, the larger the area S of the first surface
10 110 of the lens 101 is. In this case, the further the lens 101 is separated
from a center of the multi-segment lens 1, the larger the area S of the first
surface 110 is, while the further the lens 101 is separated from the center of
the multi-segment lens 1, the larger the area of the second surface 120 is.
[0072] In the multi-segment lens 1, polyethylene that is resin transmitting
15 infrared light is adopted as a lens material. However, in the multi-segment
lens 1, the Fresnel lens is employed as each lens 101, so that difference
between maximum and minimum thicknesses At (see Fig. 4B) can be reduced
while increasing the lens area of the second surface 120 of each lens 101.
Then, in the multi-segment lens 1, a light pass length of infrared light
20 incident from a direction oblique to the normal line of the first surface 110
(direction not to perpendicular to the first surface 110) can be shortened, and
transmittance can be improved.
[0073] Although silicon, germanium, and the like are cited as materials
transmitting infrared light, it is difficult to mass-produce the complicated

25  shaped multi-segment lens 1 from these crystalline materials. On the other



10 which is nore than or equal to a wavel ength of an el ectromagneti c wave
that is an object to be collected in the |ens 101. For exanple, in a case
where infrared light with a wavel ength of 10 pmis an object to be

coll ected, the height of each mountain portion 11lb and the space between
t he apexes of the adjacent nountain p%rtlons 111b need to be 10 inn or
nore. On the 15 other hand, in the le § 101, it is conceivable to cause a
problemthat the |larger the height of each nmountain portion 111b and the

ace bet f t he
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i nfrared gﬁP FEREROPREH ﬁ%ﬂ eMAT RGN t he focal point F, the lens
101 is pr confl ured such tha i mum h ht. of. the mount ai n
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125 is oblique to the normal line of the first surface 110, each lens surface
121 is not rotationally symmetric with respect to the normal line of the first
surface 110. Therefore, it is difficult to produce the multi-segment lens 1 or
the metal mold for the multi-segment lens 1 by rotary forming with a lathe
10  or the like.
[0075] On the other hand, in each lens 101 of the multi-segment lens 1
according to the present embodiment, as shown in Figs. 4A and 4B and Fig. 5,
for example, each of the lens surfaces 121 of each lens 101 is configured from
a part of a side surface of an elliptical cone 130. Then, any normal line
15 intersecting with each lens surface 121 configured from the part of the side
surface of an elliptical cone 130, among the normal lines of respective points
on the first surface 110, is non-parallel (that is, inclined) to a central axis of
the elliptical cone 130 corresponding to the lens surfaces 121 with which the
any normal line intersects. Here, each elliptical cone 130 has an apex P
20 located on the second surface 120 side and a bottom surface (not shown)
located on the first surface 110 side. In the lens 101 of the multi-segment
lens 1 having a structure shown in Figs. 4A and 4B and Fig. 5, the first
surface 110 is the plane surface, and hence the central axes of the elliptical
cones 130 are oblique to the normal lines of the respective points on the first

25  surface 110. In a case where such a direction as to connect each point on the



31 viewed froma place separated fromthe first surface 110 by 30 cm the
|l ens 101 is preferably configured such that the space between the adjacent
nountain portions 111b is 0.3 mmor less. On the other hand, the snaller

t he space between the adjacent nountain portions 111b is, the larger the
nunber 5 of the nountain portions 1112 is, and hence the space between the
adj acent nountain portions 111b is pr ?erably set in a range of, for
exanple, 0.1 to 0.3 mm [0085] In the Iens 101 according to the present

e g 20 B SR S g e

hyper bol ol I nscri iptical cones 1 exi st ‘on a pl ane
surface 1 I Ch. hsS.,0r to,4 he L Gk i i that is,
par al | el Jigiger}té\%es \an!rh s‘fheste?’ggsgfe}ﬂlcfoﬁclo% ?ﬂgeﬁéﬂg%)‘ P % o%n%ré?‘ %Zchgil{e{%ggsu#g%e , and
whi ch has hei ght from a l.ey, of , t he ntai R. portion 111b of each
o bi cul arBanEheixpbieiaf 1566¢ Vad biaptcsTRERe P AuBfion Wi Hle Rexfifim
hei ght of.the.nmount ai.n portion 111b.. Therefore, in 15 this |lens 101,
ot Lar ed T RE SAFR g Gant)e BagEPRERGh THe el ut hishater Tietiotns
surfaces 121 and the pl.an urface 115 js collected. on the focal .point F,
as shown 11;1}}?1"? e, aB, 61@092] Figs. 44 eecmi@ ar VeIsHRAdi M?@;l%‘ys‘fseﬁﬁ‘e if%hi ch a
center of any plane surface is_enployed as an_origin, an x-axis_ and a
y-axi s orthisaeaadirestione h Azgorstingly, o cank laps 191 atrchs lnrsarwriagee15hasifi ed,
and a z-axis orthogonal to the any plane surface is specified, assum ng
that (x, pyeferpblyeemnfieuredritomathespait efhepydatssirtcetdehel qorprspeadingne, and
a, b and c denote coefficients, the general equation of the elliptical cone
i s repr estimtachlippne HOsthan dens ¢ he apexd! lacatddoon blye Feromd) surfage 12heide, t he
coefficient c is a constant irrelevant to z. 25[0087] [Math. 7] 32 X2y 2
Z 2 (a #the dottom bucfaze Ghotblo@wviblavatal ¢ the first surface 110 side, and the
10  central axis (not shown) oblique to the lens thickness direction. In a cross-
sectional shape including the normal lines of the first surface 110, an angle
formed by a surface parallel to the first surface 110 and each lens surface 121
is an obtuse angle, and an angle formed by the surface parallel to the first
surface 110 and each rising surface 122 is a substantially right angle.
15 [0076] Hereinafter, the lens 101, in which the respective lens surfaces 121
are configured from the parts of the side surfaces of the elliptical cones 130,
as shown in Figs. 4A and 4B and Fig. 5, will be described.
[0077] In order to solve the problem, that is, to provide an optical detection
device capable of suppressing occurrence of off-axis aberration of each lens
20 101 utilizing incident light (infrared light) obliquely incident upon the first
surfaces 110 from the outside world, suppressing reduction of sensitivity, and
reducing the cost, while enhancing the appearance of the multi-segment lens
1, the present inventors have conceived as follows: That is, as to a standard

structure in which the second surface 120 is configured from the respective

25 parts of a plurality of the hyperboloids (one sheet of hyperboloid of two



[0088] Hereinafter, for conveni ence of description, the lens 101 in Fig. 4A
w Il be described by denoting the three elliptical cones 130 with different
ref erence nuneral s, respectively. The elliptical cone corresponding to the
5 central lens surface 121 is represented as an elliptical cone 1300, the
elliptical cone corresponding to the |l ens surface 121 that is a first

orbi cul ar zone closest to the central 2Pens surface 121 is represented as an
elliptical cone 1301, and the elliptical cone corresponding to the |ens

surface 121 i $_a.second orbicul ar,zeone n .0ses o th ntr al
ens: our rheatdoted BedytEATdaBli UG 5E GRORRPREERRL SUIRENosb% bPEERC: L
anong the.elliptical cones xcept the elliptical cone or respondi ng
fo the cdiftastTheidst fiiane 1O BRR et sl ha R BBr Fed BAGTREET b f he

| ens surface 121 that . is an mth (m>= 1) orbicular zone cpunting froma
side ol 0SSy 3 Linal shppainelaHing the Rewnablines #éﬁ?é@éhﬁ@ a8 {1 £ pti cal
cone 130m_ Here, .the respective apexes P 15 of the elliptjcal cones 1300,
1301 and Mfaementaoned, resastvg Rartgpek ke pjurplityy lpzzergﬁh)%el%e%%cti ve
central axes of the elliptical cones 1300, 1301 and 1302 are denoted by
CAo, BAi apamexigrated by staizht lings. apex of the el liptical cone 130m

correspondi n% to the lens surface 121 that is the mth orbicul ar
[0078] In each hyperboloid 125, collection of tangents of respective points on

a cross-section orthogonal to the rotation axis of the hyperboloid 125 becomes
a circular cone. Therefore, in a Fresnel lens configured such that each lens
surface of the emission surface is rotationally symmetric employing the
10  normal line of the incident surface as a rotation axis, each lens surface can
be approximated by the part of the side surface of the circular cone.
[0079] In a rectangular coordinate system, in which a center of any plane
surface is employed as an origin, an x-axis and a y-axis orthogonal to each
other on the any plane surface are specified, and a z-axis orthogonal to the
15 any plane surface is specified, assuming that (x, y, z) denote coordinates of
any points of the circular cone, and b and ¢ denote coefficients, the equation
of the circular cone is represented by the following standard form, where the
coefficient c is a constant irrelevant to z.

[0080] [Math. 6]

2 2
ad I;y —i—z 0 (b,c>0) Formula (6)

2

20

[0081] In a frustum of cone configured by cutting this circular cone by two
surfaces parallel to an xy plane surface, the aforementioned parts of the

respective hyperboloids 125 in the above-mentioned standard structure

cannot be approximated.
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Z- axes,

denoted by Pm and the central axis of the elliptical cone 130mis
20 denoted by CAm As to the elliptical cones 1300, 1301 and 1302,

rectangul ar coordi nate systens, in which the apexes Po, Pi and P2 ar
enpl oyed as origins, the central axes CAo, CAl, and CA2 are enpl oyed as
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pol yethylene with a refractive index of 1.53 is enployed as a | ens
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follow ng Table 1. However,

point F

the coefficients a, b and ¢ shown in Table 1
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| parallel to the first surface 110 of the lens 101 to the f

irst

surface Pllbcasedoh thY sepddi sdifacecd20ighé, (Hd BbttobeauBihceH CheteBhowh) an
i ncident angle of 45 degrees is collected on the focal point F. [0090]

[ Tabl e 1Joda®8® o4hbdE8t surface 110 side, and the central axes (not shown) oblique

15

20

25

to the normal lines of the first surface 110.

[0083] In the lens 101 of the multi-segment lens 1 shown in Figs. 4A and 4B
and Fig. 5, when focusing on the lens surfaces 121 configured from the parts
of the respective elliptical cones 130, since the elliptical cones 130 have the
hyperboloids 125 inscribed in the elliptical cones 130, and inclinations of
both of the tangents of the respective points on the lines of intersection of the
elliptical cones 130 and the hyperboloids 125 coincide with each other, light
beams passing through the respective points on the lines of intersection of
the elliptical cones 130 and the hyperboloids 125 are collected on a single
point on the rotation axis of the hyperboloids 125. In this lens 101, at least
one of the plurality of lens surfaces 121 is configured so as to have a shape in
which a part of the elliptical cone 130 is cut off so as to include the line of

intersection of the elliptical cone 130 and the hyperboloid 125, thereby being



34 Elliptical Cone 1300 46.28 32.81 1.71 Elliptical Cone 1301 19.29 13.83
1.72 Elliptical Cone 1302 12.67 9.24 1.73 Elliptical Cone 1303 10.11 7.49

1.74

30

capable of suppressing occurrence of off-axis aberrations in a case of utilizing
incident light obliquely incident upon the first surfaces 110 from the outside
world and reducing the cost. Here, in the lens 101, the lower a height of the
mountain portion 111b is, the more easily light beams passing through this

5 mountain portion 111b are collected on a single point, and hence the line of
intersection of the elliptical cone 130 and the hyperboloid 125 inscribed in

the elliptical cone 130 is preferably intersect with the mountain portion 111b.
[0084] The height of each mountain portion 111b and a space between the
apexes of the adjacent mountain portions 111b need to be set at a value

10 which is more than or equal to a wavelength of an electromagnetic wave that
is an object to be collected in the lens 101. For example, in a case where
infrared light with a wavelength of 10 pm is an object to be collected, the
height of each mountain portion 111b and the space between the apexes of

the adjacent mountain portions 111b need to be 10 pm or more. On the

15 other hand, in the lens 101, it is conceivable to cause a problem that the
larger the height of each mountain portion 111b and the space between the
apexes of the adjacent mountain portions 111b are, the larger the off-axis
aberrations are, and a problem that lens patterns can be visually recognized
from the first surface 110 side. Therefore, in a case where an allowable

20 value (target value) of an off-axis aberration is, for example, less than or
equal to 0.6*0.6 mm which is the size of the infrared light receiving element

3 arranged on the focal point F, the lens 101 is preferably configured such
that a maximum height of the mountain portion 111 is 150 pm or less. In
addition, in a case where it is required that the lens patterns on the second

25  surface 120 side is unable to be visually recognized when unintentionally



Elliptical Cone 1304 8.66 6.50 1.75 Elliptical Cone 1305 7.68 5.85 1.76

[ 0091] The central axes of the lens surfaces 121 of the second surface 120
with which the normal lines intersect are inclined with respect to the
normal |ines of the respective points on the first surface 110.
Hereinafter, for 5 convenience of description, in the lens 101 in Fig. 4A
the intersections of the respective n%ﬁnal lines of points A, A2, Bl, B2,
d andAF? on the first surface 110 and the second surface 120 are referred
to as

t he poi ntvs%e‘ﬁ%g 1f5§%lldBPEa2cé’Zs,e%é% a%ﬁgfr%%}heapgsett %llﬁrfgsl(?es gtijg?)g\é%) ?%r) r{gllf[} elg}rlé(;fe e?]; ed
to as Al-filis p@%fe@%ﬁly %ﬁf?g%%bd such that the space between the adjacent moun-
tain portions 111b is 0.3 mm or less. On the other hand, the smaller the
space between the adjacent mountain portions 111b is, the larger the number
5 . of the mountain portions 111b is, and hence the space between the adjacent
mountain portions 111b is preferably set in a range of, for example, 0.1 to 0.3
mm.

[0085] In the lens 101 according to the present embodiment, the lines of
intersection of the elliptical cones 130 and the hyperboloids 125 inscribed in
10  the elliptical cones 130 exist on a plane surface 115 which is orthogonal to
the lens thickness direction (that is, parallel to the first surface 110 confi-
gured from the plane surface), and which has a height from a valley of the
mountain portion 111b of each orbicular zone-shaped lens portion 101b that
is a half of the maximum height of the mountain portion 111b. Therefore, in
15  this lens 101, infrared light (light beams) passing on the intersections of the
lens surfaces 121 and the plane surface 115 is collected on the focal point F,

as shown in Fig. 4B.
[0086] In a rectangular coordinate system, in which a center of any plane
surface is employed as an origin, an x-axis and a y-axis orthogonal to each
20 other on the any plane surface are specified, and a z-axis orthogonal to the
any plane surface is specified, assuming that (x, y, z) denote coordinates of
any points of the elliptical cone, and a, b and c denote coefficients, the
general equation of the elliptical cone is represented by the standard form of

following Formula (7), where the coefficient c is a constant irrelevant to z.

25 [0087] [Math. 7]



10 B2-B22, O -Cl1 and C2-C22. Here, 00 denotes an angle formed by each of

the normal lines Al-All and A2- A22 intersecting with the central |ens
surface 121, and the central axis CAO of the elliptical cone 1300, 01
denotes an angle formed by each of the normal l|ines Bl-Bll and B2-B22

intersecting wth the I ens surface lzé which is the first orbicular zone

cl osest to the 15 central lens surfac 2121, and the central axis CAl of the
elliptical cone 1301, and 02 denotes an angle formed by each of the nornal
lines A-Cl1 and C2;C22 intersecting with the lens surface 121 which is the

second orbi cul ar’ @e_iec%ctel%gafds& btco>bge central Ibae;ﬂﬁ/r @face 121, and

the central axig of? t | cal e 1302. Sim assum ng t hat
03 denotes an angle 20 formed by the nornmal line intersecting with the |ens
surface 35 third orbicu one,, and t cent.r al XIS CA3
of the eﬁﬁéﬁ%Pég 6%56%00%%588H%%8£%§ﬁmﬁﬂ PR F%ﬁ%%ﬁsﬁélfﬁe ﬁ%r line

and t he. GBI PRIQeRsTIBe @AY QpnoHBEdie: prcedippksl 136 TANGTER AURIES Z°”e

angle formed by the normal line 5 |nt secting with the len surf ce 121
whi ch i s refaente pnmeusile pregpesiavrly: amherqIEDEERL Fape 4eTeseaRligg fhahe

el liptical cone 1305, values of 00 to 05 are shown in the foIIovmn Tabl e
2. [ 0092]ceptua| leng seiface 121 is represented as an elliptical cone 1300, the

elliptical cone corresponding to the lens surface 121 that is a first orbicular
zone closest to the central lens surface 121 is represented as an elliptical
cone 1301, and the elliptical cone corresponding to the lens surface 121 that
is a second orbicular zone second closest to the central lens surface 121 is
10 represented as an elliptical cone 1302. In short, among the elliptical cones
130 except the elliptical cone 130 corresponding to the central lens surface
121, the elliptical cone corresponding to the lens surface 121 that is an m-th
(m >= 1) orbicular zone counting from a side closer to the central lens surface
121 is represented as an elliptical cone 130n. Here, the respective apexes P
15  of the elliptical cones 1300, 1301 and 1302 are represented as apexes Po, P1
and Ps, and the respective central axes of the elliptical cones 1309, 1301 and
1302 are denoted by CAg, CAi, and CAs. In short, the apex of the elliptical
cone 130n corresponding to the lens surface 121 that is the m-th orbicular
zone is denoted by Pm, and the central axis of the elliptical cone 130m 1is
20 denoted by CAn. As to the elliptical cones 1300, 1301 and 130, rectangular
coordinate systems, in which the apexes Py, P1 and P2 are employed as
origins, the central axes CAg, CAi, and CAz are employed as z-axes, x-axes
are specified along major axis directions of ellipses in cross-section perpen-

dicular to the z-axis, and y-axes are specified along minor axis directions, are



0.15 01 0.84 02 1.89 03 2.89 04 3.84 05 4.75 10 [0093] It is understood
fromTable 2 that in the lens 101, the angle, which is fornmed by a no

| ine of each point on the first surface 110 and a central

surface 121 of the second surface 120 with which the normal |ine

I ntersects, becones |arger as a orblchgr zone-shaped | ens portion 10
| ocat ed further outside. 15 [0094] Fig.” 11 shows a spot diagramon th
focal point F of this lens 101. Fig. 11 shows a spot diagramin the range

of 2*2 mmyefRbPyi ’Dﬁeﬁh&]ifoi«’ﬁﬁila RPLALh bf 8Be @llﬁ%fﬁa@rconé@%% ZI%OQfan@ izmal spot
shoul d be less than or equal to the size of the infrared |ight receiv
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(here,

0.6*0

| ess ens 101 shown 1 n F

4B and Fi gy;3indtd %?elﬁr O$&irth&P in Fig. 4A, the hyperboloids 125 inscribed in

10

15

20

the elliptical cones 1300, 1301 and 1302 are represented by hyperboloid 1250,
1251 and 125, respectively.

[0089] As an example of the lens 101 being a Fresnel lens, a lens including
six lens surfaces 121 each configured from a part of a side surface of an
elliptical cone 130 is exemplified. In this lens 101, among the six elliptical
cones 130, the elliptical cone corresponding to the central lens surface 121 is
represented as an elliptical cone 1300, and the elliptical cones corresponding
to the lens surfaces 121 that are a first orbicular zone to a fifth orbicular
zone are represented as elliptical cone 130; to 1305, respectively. In the lens
101 of this example, in a case where a thickness t of a base portion config-
ured from a portion other than each mountain portion 111b is 0.5 mm, a
height (Iens step) At of the mountain portion 111b on a point closest to a focal
point F in each orbicular zone-shaped lens portion 101b is 0.05 mm, and
polyethylene with a refractive index of 1.53 is employed as a lens material,
values of coefficients a, b and ¢ in Formula (7) are shown in the following
Table 1. However, the coefficients a, b and ¢ shown in Table 1 are values
obtained under a precondition that a distance from an image surface I
parallel to the first surface 110 of the lens 101 to the first surface 110 is 5.5
mm, and infrared light (light beams) incident at an incident angle of 45
degrees 1s collected on the focal point F.

[0090] [Table 1]

Lens Surface Coefficient a Coefficient b Coefficient ¢

r mal

axis of a lens

1b is
e

I ng
ns 101

4A and



sectional shape including the normal lines of the first surface 110, the
respective lens surfaces 121 are straight lines, and hence it is possible
to formcurved surfaces according to the | ens surfaces 121 by cutting while
a cutting tool 430 is inclined with respect to a workpi ece 440 (base
material for 5 formng a netal nold) Q as to bring a side surface of a

bl ade into line contact wwth the workprece 440, as shown in Fig. 22.
Therefore, according to the present enbodinment, when the nmetal nold for the
”Ulti'SEQ@Eﬂ&gﬁFE%n§j36Qp[OdU%%gagthe procesghng the ﬁpflproducing t he

wor kpi eqe- byt e cuat tT ny tjoot—430 can e reducedThe materiat—of the netal
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and the i Erare |1 ght sensor 2 having|the Infrared Iight_ recelVing el enent
3 arrang Y p4p sitiB®%F_  151as dwelribed abdv® In the optica

det ect i oML 6@ YicaE CHnAAGOL di ng tgg@hé pr ésents ggbodi nent 1 s to each |lens 101
of the multi-segnment lens 1, the first surface 110 is the plrane surface,

the second surface 120 has the plurality of |ens surfaces 121, each | ens
surface 121 is configured fromthe part of the side surface of the

el i pti cd00Qbindhe3@nthal akesof Hee derexswrfhorai 2l ofthehwecond seaband 520 f ace
120 side, the bottom surface |ocated on the first surface 110 side, and the
central axitk wdibith ghe nbomtahdinesnintdrsédtrereahclhihed faiitls respect bcéhd hormad
illustrated in Fig. 4A. In the lens 101 according to the present

enbodi mehinesanfy thermmspedtivee poihiter sacthandirat tdurfdve Leds $Seorbacdtck? for
configured fromthe part of the side surface of the elliptical cone 130,
anongst heohesfieatd vedeeriinicmlinlthe@sn®nol e Fikr 44, the indessetfiOns bfthe
non-parallel to the central axis of the 37 elliptical cone 130

corr espopgingtive htenheNives Wi psiatd 2l WAL hBIheBANE 1 ok dred2 lonnehe Then, in
the Il ens 101 according to the present enbodinent, it is possible to
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i nci dent i ght obliquely incident upon the first surfacé 110 fromthe 5
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surfaces 121 of the lens 101 is configured fromthe parts of the elliptical
cones 13With fibe|lens sufacecd21 2vhiph t%gh%é'msﬁ girbicadar gepeidosesdta thecl udes
the apex P of the elliptical cone 130, and the curved surface on this apex
P 201becesmisablessonrifaaeolid], antithe pertrahfikir €41 of ghe efaaeal gonhrlsidgh t he
apex P is not collected on the focal position F. [0098] The central I|ens
surface agd Gndegoteneaplangd¢ ifoymefl byerschwif fresotdil dinesaCil-CehsaankD1 of
the multi-segnent lens 1, that is, the lens surface 121 of the central |ens
portion €RIG22 sniwredeiabimith the lexasmtface d2pavhicbfisaheaspbed iocbicular

zone second closest to the central lens surface 121, and the central axis CAs
of the elliptical cone 1302. Similarly, assuming that 83 denotes an angle

20 formed by the normal line intersecting with the lens surface 121 which is the



25 surface, in which an axis of symretry is oblique to the normal |ine of
the 38 first surface 110 and curvature is continuously changed, and nore
preferably a part of the hyperboloid 125, in which a rotation axis OPl is
oblique to the normal line of the first surface 110, as shown in Figs. 12A
and 12B and Fig. 13. Therefore, in thg mul ti-segnent |ens 1, focusing
performance can be 5 i nproved as conp Ped with a case where the |ens
surfaces 121 of the central lens portions 10la are configured fromthe

parts of 4 tgfﬂsu@gfz‘o%eanaftq%h&n%&éll %@@Ag Spmeﬂﬁgmél%oﬁ@qéoﬁi@ each

| ens 101 o i-segment lens 1, e central surface anong

the pl urad Yot le ‘fBI &S Zhe! 019[{13 iy e(i‘g @ en! i ERe part
: i 19%

of the asp Sheric sur ce W contl nu- ous i ng curvature and

any nor rral i ne I.Sect i W L ent r al u 121 irgur ed
from t he P4 hce %éfﬁ@lgl@ éﬁgcfo‘%{f?‘f %g’émﬁgﬁgﬁﬁet ﬁggitg?}rmn%?l n%)élso(?lSi ok
respectlv p S on th |rst urface 110, ref er ably non IIeI
(that i s theraliphigah cans ?%@4 @rieg%%m g'amgfengo MLy e BTREnR 1 he
h I -
yper bo %In’gerég(iullgn V\;[rpl? tﬁg ?eensmggxrfgcé TSI 1s thseutla%’cgcoe]fbllcsulE\{J %orqg paerrld
the central axis CAj; of the elliptical cone 1305, values of 0o to 05 are shown in
the following Table 2.

[0092] [Table 2]

0o 0.15°
01 0.84°
02 1.89°
03 2.89°
04 3.84°
05 4.75°

10  [0093] It is understood from Table 2 that in the lens 101, the angle, which is
formed by a normal line of each point on the first surface 110 and a central
axis of a lens surface 121 of the second surface 120 with which the normal
line intersects, becomes larger as a orbicular zone-shaped lens portion 101b
is located further outside.

15 [0094] Fig. 11 shows a spot diagram on the focal point F of this lens 101.
Fig. 11 shows a spot diagram in the range of 2*2 mm employing the focal
point F as a center. The size of a focal spot should be less than or equal to
the size of the infrared light receiving element 3 arranged so as to correspond
to the focal point F of the lens 101 (here, 0.6*0.6 mm or less).

20 [0095] In the lens 101 shown in Figs. 4A and 4B and Fig. 5, in the cross-



15 bol oid 125) of the aspheric surface corresponding to the central |ens
surface 121 with which the any nornmal line intersects. This can inprove
focusi ng performance. Here, in each lens 101 of the nulti-segnent lens 1,
the axis of symmetry of the aspheric surface should be non-parallel to the
normal |ines of the respective points_gn a projection region on the first
surface 110 when 20 projecting the ceﬁgral | ens surface 121 in a direction
parallel to the central axis of the first surface 110. Here, in a case

. . : ' [ j d
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o bduced JORRGEEYer gk e peRreRetheb et 2Tt b AU t1E Fool ' a0
{he. cur viea SpRraeLL T CRHRRY "ish PR g adup R ABATR TRTGIREE ™ ( he
< ol | aPrinfidha RO L UG o8 8° FABFiS ToF Qe R PRPIIROF AMAETE S Abnce t he
processing tine can be reduced even when the | ens surfaces 121 of the

central [8%B ther vopriesn 140an8 shesvipar tlsgof2t nd heyofereoresioadinptp theogo]
The I ens 101 of the exanple shown in Figs. 12A and 12B and Fig. 13 is

pr ef er ablppeswHf ¢hpdimenic hemthe jmetal gholdn farr Brwec piwdhi-ssfigmenet kanisi ptis cal
cones 10 130 and the hyperbol oids 125 inscribed in the elliptical cones 130
i nt er sectprafluéed, ibe pooersaing poret foomsodudbg the narkpiscethy theecutéing ool of t he
exanpl e shown in Figs. 4A and 4B and Fig. 5. In the lens 101 in Figs. 12A
and 12B %@ Eaw.belBeduded. | Thesnofterial exfsthet mmtabfimeldeisehbt mairtiahilaxdypes 130
and the hyperbol oids 125 inscribed in the elliptical cones 130 exist on a
pl anaosuidimited, and phosphor bronze or the like can be employed, for example.

[0096] The optical detection device A according to the present embodiment

includes the multi-segment lens 1 configured by combining a plurality of the

lenses 101 having the same focal position F, and the infrared light sensor 2

having the infrared light receiving element 3 arranged on the focal position F,

15 as described above. In the optical detection device A according to the

present embodiment, as to each lens 101 of the multi-segment lens 1, the

first surface 110 is the plane surface, the second surface 120 has the plurality

of lens surfaces 121, each lens surface 121 is configured from the part of the

side surface of the elliptical cone 130 that has the apex P located on the

20  second surface 120 side, the bottom surface located on the first surface 110

side, and the central axis oblique to the normal line of the first surface 110,

as illustrated in Fig. 4A. In the lens 101 according to the present embodi-

ment, any normal line intersecting with the lens surface 121 configured from

the part of the side surface of the elliptical cone 130, among the respective

25 normal lines on the first surface 110, is non-parallel to the central axis of the



15 115 which is orthogonal to the lens thickness direction (that is,
parallel to the first surface 110 configured fromthe plane surface). In
this case, a height froma valley of the nountain portion 111b of each

or bi cul ar zone-shaped | ens portion 101b to the plane surface 115 is a half
of the maxi mum hei ght of the mountain_portion 111b. Therefore, in this |ens
101, infrared light (light 20 beans) B ssing on the intersections of the

| ens surfaces 121 and the plane surface 115 is collected on the focal poi nt

F, as Shcé\mgh@aﬂogle 1R I‘LQS]pQ)Ql]dl%?té DRe IS utBee! V%{zvgtﬁx t%ezgl% caf pOI nt F
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naterlal an otes a back focus the central s portion 10la, a b
and cPof O \@501(3) agd gedpeathe oty e ap wjlqaér#&wlqmﬁevmer

(10), and Fornul a %11) respectively. [0103] [Math. 9]
according to the present embodiment, the lens patterns formed on the second

surface 120 sides of the respective lenses 101 of the multi-segment lens 1 are
made difficult to be visually recognized from the first surface 110 sides of the
respective lenses 101, thereby being capable of suppressing occurrence of
10  off-axis aberrations of the lenses 101 utilizing incident light obliquely
incident upon the first surfaces 110 from the outside world, suppressing
reduction of sensitivity, and reducing the cost, while enhancing the appea-
rance of the multi-segment lens 1.
[0097] As described above, in the multi-segment lens 1, all of the plurality of
15 lens surfaces 121 of the lens 101 can be configured from the parts of the
elliptical cones 130. However, in a case where all of the plurality of lens
surfaces 121 of the lens 101 is configured from the parts of the elliptical
cones 130, the lens surface 121 of the central lens portion 101a includes the
apex P of the elliptical cone 130, and the curved surface on this apex P
20  becomes discontinuous, and hence infrared light passing through the apex P
1s not collected on the focal position F.
[0098] The central lens surface 121 among the plurality of lens surfaces 121
of each lens 101 of the multi-segment lens 1, that is, the lens surface 121 of
the central lens portion 101a is preferably, for example, a part of an aspheric

25  surface, in which an axis of symmetry is oblique to the normal line of the



[0104] When the above-nentioned Fornula (8) is transforned into an explicit
function formula of z = g (x, (g denotes any function), the transforned
formula coincides with a first termof the above-nentioned Forrmula (4).
That is, when perform ng variable substitution as r2 = x2 + y2, and 15
summarizing the relation of z and r, §$nilarly to the case of Fornmula (4),
Formula (8) can be transforned into a°fornula corresponding to the term of
r2 (first termof right-hand side of Formula (4)) in the above-nentioned

For mul a (f”i)ast (s@?&‘raé gﬁﬂ%'n}’i’ cdr‘iz%h?req ?égﬁ’figu%)ﬁ% el E}l&fm&?ezggxfef(gx%%g?f” a (4)

and For rruf epresent substantl €“sane relation.

Assum ng that, regtangul ar, coqrdi nat g .syst ens,. | i t he apexes.P1 and P2
are enpl6@8%ﬂ5¥%%?ﬁ§%ﬁg,Okﬁgqgghp}gﬁugg5%“%%&03Eﬁggggng?%gb%ﬁu%ﬁ%F%%ed as
Z- axes, X-axes.are eci.fi,ed al on jor, axi s qi.rectjons ,of el li,pses in
cross- sedtBHY 154 ﬂf)é}?nfif“t %H??’ﬁ? gl-d;?@ss;hoé{‘ﬁb 3 %&%gﬁé&? éng&gg??ﬂggﬁ 1%t ong

m nor axi s ditections, and are .defined, the elliptical cones 1301 gnd 1302
can be ré%%e Tgpre, 1R H8e JBHE SpEMens Hens For loghsingzperfermgnegcansben
exanple of the |ens 101 which is the Fresnel lens, a lens including a
central IEwIoxeq pacempared grth guaen whasmthedans surfageqyplobshorentral  and
five lens surfaces 121 each configured froma part of a side surface of an
el |i pti cdenepartiamp 10sa awewonfigpee fyom tthe naahs of dhe side purfagsampblle t he
five elliptical cones 130 corresponding to the |ens surfaces 121 that are a
first 10 edipiieall comesdr3. t dnshort,tih e@erigl@ns A0 1dribeanaltispemsattlens ds
elliptical cones 1301 to 1305, respectively. In the lens 101 of this

exanpl e, the @ntealeleniseserface Hi2dk apmagt tld pdutrdsty pbdenosuctiets giileds f rom a
portion other than each nmountain portion 111b is 0.5 nm a height (lens

st ep) At peéfetrhklynmunfigairad fontitho phtibf the asploint seifasestith thachwidali- poi nt F

in each orbicular zone-

10  ously changing curvature, and any normal line intersecting with the central
lens surface 121 configured from the part of the aspheric surface, among the
normal lines of the respective points on the first surface 110, is preferably
non-parallel (that is, inclined) to the axis of symmetry (the rotation axis OP1
of the hyperboloid 125 in the case where the aspheric surface is the hyper-

15 boloid 125) of the aspheric surface corresponding to the central lens surface
121 with which the any normal line intersects. This can improve focusing
performance. Here, in each lens 101 of the multi-segment lens 1, the axis of
symmetry of the aspheric surface should be non-parallel to the normal lines
of the respective points on a projection region on the first surface 110 when

20  projecting the central lens surface 121 in a direction parallel to the central
axis of the first surface 110. Here, in a case where the lens surface 121 of
the central lens portion 101a is configured by the part of the hyperboloid 125,
there are the advantages of easily designing and processing, which 1s more

desirable. In a case where the lens surfaces 121 of the central lens portions

25 101a are the parts of the hyperboloids 125, when the metal mold for the



15 shaped I ens portion 101b is 0.05 mm and pol yethylene with a refractive
I ndex of 1.53 is enployed as a lens nmaterial, values of coefficients a, b
and ¢ in Fornula (8) or (7) are shown in the followi ng Table 3. Wen the
value of the lens step At t is smaller, sink marks at the time of curing of
pol yet hyl ene can be suppressed, that %5, dent on the first surface 110 side
can suppressed. 20 As a result, reducttfon in the focusing perfornmance of
the Il ens 101 due to the sink marks can be prevented. Furthernore,

corest syl ok AR Pl dneCh Sepiin bR,
o, XA AR B el U AT T RSl ol b
U TR N TR R e e
orecond! yiag,t el B, dhslance 1 om a0 omge surtoce, | pRLELEER, Lo e 17t
0 L oA, LTELSEIL 80, S 0, 4, oo
hence the processing time can be reduced even when the lens surfaces 121 of
the central lens portions 101a are the parts of the hyperboloids 125.
[0099] The lens 101 of the example shown in Figs. 12A and 12B and Fig. 13
is preferably configured such that lines of intersection of the elliptical cones
10 130 and the hyperboloids 125 inscribed in the elliptical cones 130 intersect
with the mountain portions 111b, similarly to the lens 101 of the example
shown in Figs. 4A and 4B and Fig. 5. In the lens 101 in Figs. 12A and 12B
and Fig. 13, the lines of intersection of the elliptical cones 130 and the
hyperboloids 125 inscribed in the elliptical cones 130 exist on a plane surface
15 115 which is orthogonal to the lens thickness direction (that is, parallel to the
first surface 110 configured from the plane surface). In this case, a height
from a valley of the mountain portion 111b of each orbicular zone-shaped
lens portion 101b to the plane surface 115 is a half of the maximum height of
the mountain portion 111b. Therefore, in this lens 101, infrared light (light
20 beams) passing on the intersections of the lens surfaces 121 and the plane
surface 115 is collected on the focal point F, as shown in Fig. 12B.
[0100] In the lens 101 in Figs. 12A and 12B, assuming that a rectangular
coordinate system, in which the focal point F is employed as an origin, the
rotation axis OP1 of the hyperboloid 125 is employed as a z-axis, and x-axis

25 and a y-axis are orthogonal to the z-axis, is defined, the hyperboloid 125 that



Coefficient a Coefficient b Coefficient ¢ Hyperboloid 125 2.40 2.78 3.67
Elliptical Cone 1301 13.53 9.83 1.73 Elliptical Cone 1302 10.54 7.78 1.74

Elliptical Cone 1303 8.92

10

15

20

40

becomes the lens surface 121 of the central lens portion 101a is represented
by the following Formula 8.

[0101] [Math. 8]

2 2 2
zZ—C X+
( a2) - bzy =1 Formula (8)

[0102] In this case, assuming that n denotes an refractive index of a lens
material, and f denotes a back focus of the central lens portion 101a, a, b and
c of Formula (8) are obtained by the following Formula (9), Formula (10), and
Formula (11), respectively.
[0103] [Math. 9]

f

a=—— Formula (9)
n+1
b= n_lf Formula (10)
n+1
c=—n—f Formula (11)
n+1

[0104] When the above-mentioned Formula (8) is transformed into an
explicit function formula of z = g (x, y) (g denotes any function), the transf-
ormed formula coincides with a first term of the above-mentioned Formula
(4). That is, when performing variable substitution as r2 = x2 + y2, and
summarizing the relation of z and r, similarly to the case of Formula (4),
Formula (8) can be transformed into a formula corresponding to the term of
r2 (first term of right-hand side of Formula (4)) in the above-mentioned
Formula (4). Accordingly, it is obvious that the term of r2 of Formula (4)
and Formula (8) represent substantially the same relation.

[0105] Assuming that rectangular coordinate systems, in which the apexes

P: and P2 are employed as origins, the central axes CA; and CAz are



6.68 1.75 Elliptical Cone 1304 7.87 5.97 1.76 Elliptical Cone 1305 7.11

5.47 1.77 [0108] In a case where infrared |ight (light beans) incident at
an incident angle of 45 degrees with respect to the first surface 110 is

coll ected on the 10 focal
of the hyperboloid 125 of the central |ens portion 10la and the nor nal

point F, an angle fornmed by the rotation axis OP1

i ne

of the first surface 110 shoul d be 273%% degrees according to Snell's | aw.

That is,

the rotation axis OP1 should be inclined by 27.5 degrees with

respect te?nf)l%?e@%m-a)kés?ex-%ieé NEe specified along major axis directions of

10

15

20

25

ellipses in cross-sections orthogonal to the z-axes, and y-axes are specified
along minor axis directions, and are defined, the elliptical cones 130; and
1302 can be represented by the above-mentioned Formula (7).

[0106] As an example of the lens 101 which is the Fresnel lens, a lens
including a central lens surface 121 configured from a part of a hyperboloid
125, and five lens surfaces 121 each configured from a part of a side surface
of an elliptical cone 130 is exemplified. In the lens 101 of this example, the
five elliptical cones 130 corresponding to the lens surfaces 121 that are a first
orbicular zone to a fifth orbicular zone are represented as elliptical cones
1301 to 1305, respectively. In the lens 101 of this example, in a case where a
thickness t of a base portion configured from a portion other than each
mountain portion 111b is 0.5 mm, a height (lens step) At of the mountain
portion 111b on a point closest to a focal point F in each orbicular zone-
shaped lens portion 101b is 0.05 mm, and polyethylene with a refractive
index of 1.53 is employed as a lens material, values of coefficients a, b and ¢
in Formula (8) or (7) are shown in the following Table 3. When the value of
the lens step At t is smaller, sink marks at the time of curing of polyethylene
can be suppressed, that is, dent on the first surface 110 side can suppressed.
As a result, reduction in the focusing performance of the lens 101 due to the
sink marks can be prevented. Furthermore, appearance on the first surface
110 side is not seen to be awkward objectively, and hence the value of the
lens step At is cited as 0.05 mm as an example among various values
examined. Table 3 shows values of a, b and ¢ in Formula (8) as to the

hyperboloid 125, and shows values of a, b and ¢ in Formula (7) as to the



first surface 110. The central axes of the |lens surfaces 121 of the second

15 surface 120 intersecting with the normal lines are inclined with the
normal |ines of the respective points on the first surface 110. 01 denotes
an angle forned by each of the normal |ines Bl-Bll and B2-B22 intersecting

with the Il ens surface 121 which is thi first orbicular zone closest to the
central lens surface 121, and the cenffal axis CAl of the el liptical cone
1301, and 02 43 denotes an angle forned by each of the nornal lines Cl-Cl1
and C2- Cagy;} AL&r Shft 186, Y8 1301 NCHbRBYes thb A8 iadn it O diil £ RBoRAL AN

or bi cul ar “zone second cl osést to the céntral l'ens surface 121, and the
central i Lt .Sl m l.Y3: Ass ' at 03
denot es Zﬁﬂﬁ%§ﬁ§63%€ﬁ§§u§§5%@§ﬁ§9kg?%ﬁ?I%?%%“Pﬁ?ﬁ#@%@?ﬁﬁa mn?ﬁ%@%éLFens
surface 121 whic

i s.the i rd.orhicular.zo the tral, axi s, CA3 of
the el | i giiags s fors ié’%?ﬁgh{odéﬁ%?%%t Sﬁrfﬁﬁ%ﬁEOf"gﬂg}&EHﬁﬁe{%@%ﬁWi ne
I ntersecting w the_l ens surface,121 whi.ch s the fouyrth.orhicular zone,
and the CEAtAEI H;Q(l@ R4 IR ¢ épfﬁaﬁ?@ggghtcgﬁélﬁ%ﬁms n’d‘cﬁger’geﬁgtae% an
angle formed by the normal line intersecti 10 with the lens surface 121
whi ch3i s 1p en%/fapgfeoqfﬁé%ﬁ?%neeﬁaﬁé&ﬁ%ﬁﬁpﬁéﬁgéﬂ%@ma& s CA5 of the
elli ptic%iéﬁlﬁ 1305, values of 00 to 05 are shown in the foll ow ng Tabl e

4. [0109] Tablp d1 1.67 02 2.68 03
Lens Surface Coefficient a | Coefficient b | Coefficient ¢
Hvyperboloid 125 2.40 2.78 3.67
Elliptical Cone 1301 13.53 9.83 1.73
Elliptical Cone 1303 10.54 7.78 1.74
Elliptical Cone 1303 8.92 6.68 1.75
Elliptical Cone 1304 7.87 5.97 1.76
Elliptical Cone 1305 7.11 5.47 1.77

[0108] In a case where infrared light (light beams) incident at an incident
angle of 45 degrees with respect to the first surface 110 is collected on the
10  focal point F, an angle formed by the rotation axis OP1 of the hyperboloid 125
of the central lens portion 101a and the normal line of the first surface 110
should be 27.5 degrees according to Snell’s law. That is, the rotation axis
OP1 should be inclined by 27.5 degrees with respect to the normal line of the
first surface 110. The central axes of the lens surfaces 121 of the second
15  surface 120 intersecting with the normal lines are inclined with the normal
lines of the respective points on the first surface 110. 6; denotes an angle
formed by each of the normal lines B1-B11 and B2-B22 intersecting with the
lens surface 121 which is the first orbicular zone closest to the central lens

surface 121, and the central axis CA; of the elliptical cone 130;, and 62



3.64 04 4.56 05 5.43 15 [0110] It is understood from Table 4 that in each
|l ens 101 of the nmulti-segnment lens 1, the angle, which is fornmed by a
normal |ine of each point on the first surface 110 and a central axis of
each lens surface 121 of the second surface 120 with which the nornmal |ine
i ntersects, becones larger as a orbicgéar zone-shaped | ens portion 101b is
| ocated further outside. 20 [0111] Fig. 14 shows a spot diagram of the
focal point F of this Iens 101. Fig. 14 shows a spot diagramin the range
of 2*2 mqegﬁgésogh% 18efofRea! by 44cRUMheFnéimal Gtk ar1-CNeaslize2 22 focal
spot shou e less than or equal to the size of the infrared Iight
receivin Ay rang S t pan : I F of
the | ens 0 e W gRE IRy 228 WHRAERTERS Selotfl bPERLA e e g
14, it is_understo t.hat e 1 . TR FI 12A and
195 can betPLbHRed e Bish Py 10 ROURET 21 AE s LAl By At PR 120, 35)
In each | ens .101 of e | ti,-segnent 1 en o the lens sur e 1 of at

| east  onéTRRETTIORE 0%, SHAPRRSpETT ORI O doRg'S B P&l E5 e he

or bi cul ar, zone-s ed lens portion 01b is caqnfi ed.fromthe parf of the
10°s1 B b pagaa) Do dnbne Jone ariBote 3. STHErb AP by Shptie) BT
suppressi ng, occurrence of off-axis. aherratjon_ in.a. case i]izin

i nci dent Opﬁ?’ﬁHfaro%ﬂqeqaéFVLFﬁéP @x @ s ohihg PP‘sI%“?&FP%%é%%gif ¢he
outside world, and reducing the cost._[0113].The,Ienﬁ 101 of éhe

mul ti - se§Remngleciosmed; By $hp sroamalding inteasectime sath she Haps stirtace 121
above-nenti oned exanpl e shown in Figs. 12A and 12B and Fig. 13, and a |ens,
i n whi chvelriehfis the feurthaudiauler zeneomd ghe semtrgl wais CAurafddeslliphical t hat i s
convex toward a side opposite to the second surface 120, can be enployed as
shown i nc@ingd301.5Mman daBtes anFuggle fosmedrely tB® normalfline inteysdcioeg 110 i s
a part of a spherical surface with a |arge curvature radius, but 20 not

i mted wath hbe deng saffachd MHpwaidlcad tlsafiffidcerbicular zone, and the central

axis CAs of the elliptical cone 1305, values of Op to 05 are shown in the
following Table 4.

[0109] [Table 4]

01 1.67°
Oz 2.68°
03 3.64°
04 4.56°
05 5.43°

15 [0110] It is understood from Table 4 that in each lens 101 of the multi-
segment lens 1, the angle, which is formed by a normal line of each point on
the first surface 110 and a central axis of each lens surface 121 of the second
surface 120 with which the normal line intersects, becomes larger as a
orbicular zone-shaped lens portion 101b is located further outside.

20 [0111] Fig. 14 shows a spot diagram of the focal point F of this lens 101.

Fig. 14 shows a spot diagram in the range of 2*2 mm employing the focal



[0114] In the nmulti-segnent lens 1 including the | enses 101 shown in Figs.
12A and 12B and Fig. 13, in a case where polyethylene is enployed as a |l ens
material, the first surfaces 110 are the plane surfaces, and hence sink

mar ks or wavi ness occur due to cooling of the injection nolding, shrinkage
uneve- 25 nness caused during a solidification process, or the like, and
appearance may 45 be damaged. In a cdde where of equi ppi ng an appar at us
such as a television, an air conditioner or an alarm sensor with the

optical detecti on_dey t It e 0 rt of
t he appeé}aﬁggzg%acﬁgkappgﬁgtus é%% gﬂﬁ@%ﬁhﬁfﬁ $?§%QLﬁg§%%ﬁgﬁlP i's
preferabl%/] for ﬁf first. 5 urfaggs 110 are sugstantlall flush
wi th por P8RS énff ‘?) gﬁflr%‘felwﬁ]@ PPSHL S P4 118° SheY st PHte of

t he appar at order i f the a a atys. [0115]
So, in a 8a§},§ é‘?caénlb‘?l%]ﬂ g?‘lyg gj@r]rek]téf‘sY ﬁde%gs%t%rr E‘% gﬁ?ﬁ%duci ng
the I enses by injection nol di.ng the | enses 1 of the I ti- 10 segnent
lens 1 arcenwmgaﬁégellawyh@daf iLduttels W fﬁfswﬁ theth ABeriationaebthao (s a
curved surface with a |arge curvature radius (curved surface with snal

cur vabur dgnadObpviies i3 gud 1PEhcambe Iséucqchafé ReEPatREWIthEhe lns 1¢ ckness
direction is a normal |line direction of each point on the first surface
110. In tihiRgsmAA andedivent lens 1, the first surfaces 110 are configured to
be the 15 curved surfaces that are convex toward si des opposite to the
second sU®1ttledn r20h lehedobyfbbe ngubapapnentlesupprleskinsguatatier B2t obn of
wavi ness in one direction, and preventing appearance from bei ng danmaged. In
addi ti onatdaakt baasorbidilas zpnefsamabtl ypaowii g0tledsoch & plurality 6f tlsd
surface 110 has a curvature radius larger than the central |ens surface 121

conf i gur edbicutim 2orlslpgidd st hertivnser®il o corifdudedVvirom e paphef tloe
surface, and is a snoothly curved surface that is convex toward the side

opposht e side siEaby BEERS elliptided Tonk 005G thbfeliyhBeifigl ddpabdg 6€ Blipp £Sidg
according to the present enbodi ment, when the curvature of each first

surface dd&irénéless m&a@hg Qb@rréﬁBQQnW@ié% srutZBziakfinaent apdk ldliqe@lydoes not
exceed an all owabl e value (less than or equal to
incident upon the first surface 110 from the outside world, and reducing the
cost.
[0113] The lens 101 of the multi-segment lens 1 is substantially the same as
15  that of the above-mentioned example shown in Figs. 12A and 12B and Fig. 13,
and a lens, in which the first surface 110 is configured to be a curved surface
that is convex toward a side opposite to the second surface 120, can be
employed as shown in Figs. 15A and 15B. In Figs. 15A and 15B, the first
surface 110 is a part of a spherical surface with a large curvature radius, buf
20 not limited to the part of the spherical surface.
[0114] In the multi-segment lens 1 including the lenses 101 shown in Figs.
12A and 12B and Fig. 13, in a case where polyethylene is employed as a lens
material, the first surfaces 110 are the plane surfaces, and hence sink marks

or waviness occur due to cooling of the injection molding, shrinkage uneve-

25 nness caused during a solidification process, or the like, and appearance may



46 the size of the infrared |light receiving elenment 3), polyethylene is
enpl oyed as the lens material, and occurrence of sink marks or wavi ness can
be suppressed whil e suppressing occurrence of off-axis aberrations. [0117]
In the exanple shown in Figs. 15A and 15B, while the lens surface 5 121 of
the central lens portion lais configﬂéed by the part of the hyperboloid
125 simlarly to the exanple shown in~Figs. 12A and 12B, in a case where
the rotation axis OP1 of the hyperboloid 125 is inclined by 27.5 degrees
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inscribed in the elliptical cones 130 intersect wth the nountain portions
111b, si riushepyiaces (AR aneasurfice st theanpaaabie BHIWAT et tpgamagathad 128
20 In the lens 101 in Figs. 15A and 15B, the lines of intersection of the
el |'i pti calestmnelthetprardtehe hyperbol oi ds 125 inscribed in the elliptical
cones 130 exist on a plane surface 115 which has a height froma valley of
t he mountl@iWlpSot iivna khse off emabdyiogmadutthylennesstiepdend emstepodtamh 101b
that is a half of the maxi mum hei ght of the nountain portion 111b.
Ther ef or @roducingi thd dessea5bg0ihje¢tind aneldlihg,gbhe (lbhgget 10dank thpassiltig on t he
intersections of the |lens
10  segment lens 1 are each preferably configured such that the first surface 110
is a curved surface with a large curvature radius (curved surface with small
curvature) as shown in Figs. 15A and 15B. In this case, the lens thickness
direction is a normal line direction of each point on the first surface 110. In
this multi-segment lens 1, the first surfaces 110 are configured to be the
15  curved surfaces that are convex toward sides opposite to the second surfaces
120, thereby being capable of suppressing a direction of waviness in one
direction, and preventing appearance from being damaged. In addition,
each lens 101 is preferably configured such that the first surface 110 has a
curvature radius larger than the central lens surface 121 configured from a
20  part of the hyperboloid 125 having an aspheric surface, and is a smoothly
curved surface that is convex toward the side opposite to the hyperboloid
125.
[0116] In the multi-segment lens 1 according to the present embodiment,

when the curvature of each first surface 110 is designed in a range where an

25  off-axis aberration does not exceed an allowable value (less than or equal to



47 surfaces 121 and the plane surface 115 is collected on the focal point

F, as shown in Fig. 15B. [0119] In the lens 101 in Figs. 15A and 15B,
assum ng that a rectangular coordinate system in which the focal point of
the hyperboloid 125 is 5 enployed as an origin, the rotation axis OPl is
enpl oyed as a z-axis, and an x-axi s a%g a y-axis are orthogonal to the
z-axis, is defined, the hyperboloid 1 of the central lens portion 10la is
represented by the above-nentioned Fornula (8). Assunming that rectangul ar

coor di nat§ S5t 6fBhe h‘i‘fr%‘f@d:ﬁghb?e eleﬁleaﬂch)%o@re@hﬁ@abqg%%@%y@aI gi ns,

the central axes CAl an are 10 enployed as z-axes, and x-axeS are
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ort hogon z- axes’ an -axes are specl m nor axi

di rections f|ne t.h |1 c 1302 can be
representeE&%[ %% ge&ﬂn Pl%ﬁgghé%rndg%Q%i?&g%éngg'Fbre as an exanpl e
of the | Iens | Iudln I S. 121 configured
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configure r rt..of a side_surfac i ptic

xenpbi 12 o therasB el 8ns ot 4 s caifapred Dy Fae pRiAS @ﬁeﬁmnee poidnes 130
correspondi ng t he | ens surfaces 121 _that are rst orbic one to a
[ETth or DS BN IR HeeT PP EsEHVEY R E18 |1.2§zalt<§ﬂ£Epo§ cARY 69 5 tho5. | n
the 20 lens 101 of this exanple, in a case where the first surfafe 110 IS
confi gur datatiermaisfaPd offthe hyprehqleisd 1251y imchnpd pyng’ -8 degrens tirelardvi us of
100 mm a nlnlnunlheu%ht t of a base portlon conflgured froma Portion

ot her thda tbacixamipletadi figpot 2Aemd113B, the offsurmabartediaghbeqareerslaneep) At of

the nountain portion 111b on a point closest to a focal point F in each
or bi cul awith respect to light beams incident at an incident angle of 45 degrees.

10  Therefore, as in the example shown in Figs. 15A and 15B, in a case where the
first surface 110 is configured from the part of the spherical surface, the
rotation axis OP1 of the hyperboloid 125 is further inclined while rotating
about the apex Px of the hyperboloid 125 in an xz plane of a rectangular
coordinate system defined as to this hyperboloid 125, thereby being capable

15 of reducing the off-axis aberration.

[0118] The lens 101 shown in Figs. 15A and 15B is preferably configured
such that lines of intersection of the elliptical cones 130 and the hyperboloids
125 inscribed in the elliptical cones 130 intersect with the mountain portions
111b, similarly to the lens 101 of the example shown in Figs. 12A and 12B.

20 In the lens 101 in Figs. 15A and 15B, the lines of intersection of the elliptical
cones 130 and the hyperboloids 125 inscribed in the elliptical cones 130 exist
on a plane surface 115 which has a height from a valley of the mountain
portion 111b of each orbicular zone-shaped lens portion 101b that is a half of
the maximum height of the mountain portion 111b. Therefore, in this lens

25 101, infrared light (light beams) passing on the intersections of the lens



25 zone-shaped |l ens portion 101b is 0.05 nmm and pol yethylene with a
refractive 48 index of 1.53 is enployed as a |lens naterial, val ues of
coefficients a, b and ¢ in Fornmula (8) or Fornula (7) are shown in the
following Table 5. Here, Table 5 shows values of a, b and ¢ in Fornula (8)
as to the hyperboloid 125, and shows vglues of a, b and c in Formula (7) as
to the elliptical cone 1301 to 5 13054 The coefficients a, b and ¢ shown in
Tabl e 5 are val ues obtai ned under a precondition that a distance from an

R e L e

i nfrared |ight. (L ght--eans) incident at an incident angle of 45 degrees is
col | ect eth(S) QHébf%gaﬁé?poi nt F. 10[0121] [Table 5] Lens Surface Coefficient

a Coef | Gont b Goel [1ei i € Pl DR 0101 185,24 0% 1B AL oo

coordinate system, in which the focal point of the hyperboloid 125 is
5 employed as an origin, the rotation axis OP1 is employed as a z-axis, and an
x-axis and a y-axis are orthogonal to the z-axis, is defined, the hyperboloid
125 of the central lens portion 101a is represented by the above-mentioned
Formula (8). Assuming that rectangular coordinate systems, in which the
apexes P1 and P2 are employed as origins, the central axes CA; and CAz are
10 employed as z-axes, and x-axes are specified along major axis directions of
ellipses in cross-sections orthogonal to the z-axes and y-axes are specified
along minor axis directions, are defined, the elliptical cones 130; and 1302

can be represented by the above-mentioned Formula (7).
[0120] Here, as an example of the lens 101, a lens including a central lens
15 surface 121 configured from a part of a hyperboloid 125, and five lens
surfaces 121 each configured from a part of a side surface of an elliptical cone
130 is exemplified. In the lens 101 of this example, the five elliptical cones
130 corresponding to the lens surfaces 121 that are a first orbicular zone to a
fifth orbicular zone are represented as elliptical cones 130; to 1305. In the
20 lens 101 of this example, in a case where the first surface 110 is configured
from a part of a spherical surface having a curvature radius of 100 mm, a
minimum height t of a base portion configured from a portion other than
each mountain portion 111b is 0.5 mm, a height (lens step) At of the

mountain portion 111b on a point closest to a focal point F in each orbicular

25 zone-shaped lens portion 101b is 0.05 mm, and polyethylene with a refractive



1.74 Elliptical Cone 1302 10.36 7.74 1.75 Elliptical Cone 1303 8.78 6.66
1.76 Elliptical Cone 1304 7.75 5.96 1.77 Elliptical Cone 1305 7.01 5. 46

1.78
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index of 1.53 is émployed as a lens material, values of coefficients a, b and ¢
in Formula (8) or Formula (7) are shown in the following Table 5. Here,
Table 5 shows values of a, b and ¢ in Formula (8) as to the hyperboloid 125,
and shows values of a, b and ¢ in Formula (7) as to the elliptical cone 130 to

5 1305. The coefficients a, b and ¢ shown in Table 5 are values obtained under
a precondition that a distance from an image surface I of the lens 101 to the
plane surface parallel to the image surface I and being in contact with the
first surface 110 is 5.5 mm, and infrared light (light beams) incident at an
incident angle of 45 degrees is collected on the focal point F.

10 [0121] [Table 5]

Lens Surface Coefficient a Coefficient b | Coefficient ¢
Hyperboloid 125 2.38 2.76 3.65
Elliptical Cone 1301 13.24 9.74 1.74
Elliptical Cone 1302 10.36 7.74 1.75
Elliptical Cone 1303 8.78 6.66 1.76
Elliptical Cone 1304 7.75 5.96 1.77
Elliptical Cone 1305 7.01 5.46 1.78

[0122] Here, in each lens 101, as to the hyperboloid 125 corresponding to the
lens surface 121 of the central lens portion 101a, the rotation axis OP1 of the
hyperboloid 125 of the central lens portion 101a of the lens 101 shown in Figs.
15 12A and 12B is inclined while rotating about the apex Py of the hyperboloid
125 in the xz plane by 2.5 degrees, thereby being capable of reducing an
off-axis aberration. The normal lines of the respective points on the first
surface 110 are directed to a curvature center of the first surface 110, and are

inclined with respect to the central axes CA; and CAz of the respective lens



[0122] Here, in each lens 101, as to the hyperboloid 125 corresponding to
the Il ens surface 121 of the central lens portion 10la, the rotation axis
OP1 of the hyperboloid 125 of the central lens portion 10la of the lens 101
shown in Figs. 15 12A and 12B is inclined while rotating about the apex Px
of the hyperboloid 125 in the xz plang by 2.5 degrees, thereby being
capabl e of reducing an off-axis aberr Yion. The normal lines of the
respective points on the first surface 110 are directed to a curvature
center of h53 ik & £ R eHe Yot al B3RS thidredthe
central as%gtsa%&%} gr?é%%ggﬁldtl%%fﬁgé;gze@?ﬁve |é%s%ﬂig suraf aces lze%g%ﬁgt'the
second sy face 120 wt I C n l. | i dane an
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i mage surface |, and the central axis of,. the elliptical cqgne 1302
correspoﬂéﬁﬁﬁhﬁ%‘ﬁ €l (ggV?gi%ZQQﬁzﬁﬁf@%d?go ﬁé”b%ﬁgkd%gpﬁﬁgﬁi € zone.
Simlarly, assum ng that Q3 denotes an an formed hy the norma i ne of
the i frngémager gedfafe hnandnghe gipntl 2xis ng %feheeqﬁpﬁcmicegp héh% 1303
corresponding to_the lens surface 121 which is the third orbicular zone, 04
10 denot seregArending tothedeny sustacaolPamhirhds dhe WOP%@%I@&W&@@BI, and
the central axis CA4 of the elliptical cone 1304 corresponding to the |ens
surface Smilgwixessumihg tﬁ]@mr&srdazmwanaanélarféym@dobW@mmg Line ghgl e
formed by the normal Iine of the image surface I, and the central axis CAS
of the eithe pmagl suvhee 13061&k she ewporali agist 6Ashe themellaptigadceone213Qhi ch i s

the fifth orbicular 15 zone, values of 00 to 05 are shown in the follow ng
Tabl e 6. cprkapdndifabtcetlfd 1@ds surface 121 which is the third orbicular zone, 04

10  denotes an angle formed by the normal line of the image surface I, and the
central axis CA4 of the elliptical cone 1304 corresponding to the lens surface
121 which is the fourth orbicular zone, and 05 denotes an angle formed by the
normal line of the image surface I, and the central axis CAs of the elliptical
cone 1305 corresponding to the lens surface 121 which is the fifth orbicular
15  zone, values of 8y to 05 are shown in the following Table 6.

[0123] [Table 6]

01 4.55°
02 5.57°
03 6.54°
04 7.47°
Os 8.36°

[0124] It is understood from Table 6 that in each lens 101 of the multi-
segment lens 1, the angle, which is formed by a normal line of each point on
20 the first surface 110 and a central axis of each lens surface 121 of the second

surface 120 with which the normal line intersects, becomes larger as a



4.55 02 5.57 03 6.54 04 7.47 05 8.36 [0124] It is understood from Table 6
that in each lens 101 of the nulti - segnent lens 1, the angle, which is
formed by a normal |ine of each point on 20 the first surface 110 and a
central axis of each |lens surface 121 of the second surface 120 with which
the normal line intersects, becones I%rger as a 50 orbicular zone-shaped
| ens portion 101b is |ocated further dt si de.

orbicular zone-shaped lens portion 101b is located further outside.
[0125] Fig. 16 shows a spot diagram of the focal point F of this lens 101.
Fig. 16 shows a spot diagram in the range of 2*2 mm employing the focal
point F as a center. The size of a focal spot should be less than or equal to
5 the size of the infrared light receiving element 3 arranged so as to correspond
to the focal point F of the lens 101 (here, 0.6%0.6 mm or less). When
comparing Fig. 14 with Fig. 16, it is understood that the aberration of the

lens 101 in Fig. 16 is equivalent to that of the lens 101 in Fig. 14.
[0126] In an apparatus 300 including the above-mentioned optical detection
10 device A, for example, a front surface of an apparatus body 301 of the
apparatus 300 is substantially flush with the first surface 110 of each lens
101 of the multi-segment lens 1 as shown in Figs. 17A, 17B and 17C, and Fig.
18A, thereby being capable of setting a detection area 200 (see Fig. 18A) in
front of the apparatus body 301, arranging the optical detection device A
15  without damaging appearance of the apparatus 300, and enhancing the
appearance of the apparatus 300. Here, in the apparatus 300 equipped
with the optical detectiqn device A, the front surface, on a side of which a
human body is detected, of the apparatus body 301 is generally often formed
in a substantial planar shape, and hence the first surface 110 of each lens
20 101 of the multi-segment lens 1 is substantially flush with the front surface
of the apparatus body 301 so as to fit into the design of the apparatus body
301. The apparatus 300 according to the present embodiment includes the
optical detection device A capable of suppressing occurrence of off-axis
aberrations of the lenses 101 utilizing incident light obliquely incident upon

25  the first surfaces 110 from the outside world, suppressing reduction of



[0125] Fig. 16 shows a spot diagramof the focal point F of this lens 101.
Fig. 16 shows a spot diagramin the range of 2*2 mm enpl oying the focal
point F as a center. The size of a focal spot should be | ess than or equal
to 5 the size of the infrared |ight receiving element 3 arranged so as to
correspond to the focal point F of th% | ens 101 (here, 0.6*0.6 mmor |ess).
When conparing Fig. 14 with Fig. 16, Pl is understood that the aberration
of the lens 101 in Fig. 16 is equivalent to that of the lens 101 in Fig.
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of each leanzppol with phe pptcaldetectenmevice Aganibg enhapeadawiiilel sypEeUsh wit h
the front surface of the apﬁaratus.body 301 so as to fit into the design of
t he appamraing thoagdaetion Plighamsastivisy 390 hacudrail ritpteetiomaleyaesAmnd

enbodi nent includes the optical detection device A capable of suppressing
occur r encedoéingf fheaxost. abera apsowshat theeappmsdys 1300 aquippednyiinchelent

i ght obliquely incident upon 25 the first surfaces 110 fromthe outside
wor | d, suwppicakdietgtioaddetico of anSdlarsessidoiryitt 3, pa@sible edulsd mgpabketeost ,

whi | e enhanci ng the appearance of the nmulti-segnent lens 1, by naking it

di ffiloul tvidumlht sbeddnizé etolgnhaekd enslepatpatarns, Wi it as edssibledhan 4 he
second surface 120 sides of the respective |lenses 101 of the nulti-segnent

lens 1, fuepicidiss pdrssh couhbaEdld Qetdcdion Hlatdfehb dlgsnechsye I'Binggst 101,
and hence the appearance of the overall apparatus 300 equi pped wth the

optical detpetilafedeNicts Kumdh RRkenhanadd yfidratssBpoess] BE ihhebitedluct i on
of the sensitivity of the optical detection device A and reducing the cost.
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state, thereby being capable of facilitating saving of energy, while an image
20 is immediately displayed on a screen when the human returns into the dete-
ction area, thereby being capable of facilitating saving of energy. Here, in
the apparatus 300, if the multi-segment lens 1 is designed such that the
multi-segment lens 1 has a wide angle of view in a horizontal direction, that

is, a horizontal angle of view is large, the optical detection device A can also

25  detect the motion of a human looking at the screen from an oblique direction.



20 is imedi ately displayed on a screen when the human returns into the
dete- ction area, thereby being capable of facilitating saving of energy.
Here, in the apparatus 300, if the nulti-segnent lens 1 is designed such
that the nmulti-segment lens 1 has a wide angle of viewin a horizontal
direction, that is, a horizontal angl% of viewis large, the optical

det ection device A can al so 25 detect "fhe notion of a human | ooki ng at the
screen from an oblique direction. 52 [0128] In a case of equipping a

di spl ay %1'2‘%} ThSY LSt eglghﬂlgp E&g 3 e af&f@'ﬂél@hs%{ B LB Ol Bim AREECL ! ON

device A orlzontal detectlon area IS req ited to be
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notion hardly occurs,si usua S|t chai r, when ki ng at
the d spiy"df R e%%ﬁe’o\%qﬁ@ Yok el APyl I bpt FHERre €20
Ther ef or n the optical ,det on devic whi ch {.he dlspla of the
Lotevi o dif biveprits fBmaahed SCoipicePonigen @l agly ok Couqu pads hikagle
detectlon areﬂ_to be forped, a detecti n ar ea kﬂgf t he detecti.on area 200
shown®i n Viﬁirb‘ca oty par %CCHF%fSé‘P%P YRHAR BSUEDRETE O areiniriwhen he
detection area 200 shown in Fig. inthe light of detection, of the snal
hor i zont aPOkiBE; Anther lﬁﬁblymzmw te[lma@p omthe persengherappbey, gethediksn area
200 of the optical detection device Ais set as shown in Fig. 3B, when the
human pasehesefareouytihe eptead edatpeinon slearaal 766 hawdneh the dirgli: pbthe
direction of Fig. 3B, it is conceivable that the hunan(gasses t hrough the
two det edeleyisibeanstizzpensonhl dompetentorpidleatike ile equapred wspatdedéctidre t wo
device elenments 31 of the infrared light receiving elenment 3 is offset, and
hence a detecoiberfommed, hidetedtive aetaebkée dhe debat@dOamh 200 shown in Fig.
10 10B is more preferable than a detection area like the detection area 200
shown in Fig. 3B, in the light of detection of the small horizontal motion of
the human.
[0129] In a case where the detection area 200 of the optical detection device
A is set as shown in Fig. 3B, when the human passes through the detection
15 area 200 along the right-left direction of Fig. 3B, it is conceivable that the
human passes through the two detection beams 220 with different polarities,
and output of the two device elements 31 of the infrared light receiving
element 3 is offset, and hence a detection area like the detection area 200 of
Fig. 6B, Fig. 10B, Fig. 9B or Fig. 18C may be more preferable than a detec-
20 tion area like the detection area 200 of Fig. 3B. In a case of the detection
area as the detection area 200 of Fig. 6B, Fig. 10B, Fig. 9B or Fig. 18C, the
size of a space between the adjacent detection beams 220 is reduced, and a
possibility that when a human M moves in a right-left direction E as shown

in Fig. 18A, the human M passes through the two detection beams 220 with

25  different polarities and the output of the two device elements 31 of the



Fig. 6B, Fig. 10B, Fig. 9B or Fig. 18C nmay be nore preferable than a detec-
20 tion area |like the detection area 200 of Fig. 3B. In a case of the
detection area as the detection area 200 of Fig. 6B, Fig. 10B, Fig. 9B or
Fig. 18C, the size of a space between the adjacent detection beans 220 is
reduced, and a possibility that when a human M noves in a right-1left
direction E as showmn in Fig. 18A, the Auman M passes through the two
detection beans 220 with 25 different polarities and the output of the two

devi ce el; : - j 0k rear |} hijng elenment 3 is offset
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copy nachine, for exanple, in a _case of._a husiness chi ne such. as a
f acai fi | &7 FAYS, ThOSPY Reing 1GRRRE 4T (MRl FeENIRG OleRATRY BILEnERgy can
be facilitated simlarly. In the aEpar atus 300, when the resgecti ve | enses
101 of t KePAAtIsisdgraediatedidrought e aspoperableisiade twhan tes heman M e
arranged so that only obliquely downward or obliquely upward detection
beans 22@ets intbdheettteetéorar¢arR08f thavebybrinm capahln ol Haerkitating s681ng
through a place distant fromthe apparatus 300 can 15 be prevented, and the
savi ng obfemergy dderdyghbuappratiadol isanetd limited 30]a BrRwpheshiske, tioe
apparatus equi pped with the optical detection device A may include, for
exanpl e, eaamgieliinga naehofiee busineks ketchipadiicly armchicaienilaiFAX) onptintet el | er s
machi ne (ATM, a cash dispenser (CD) and the like, and it is possible to
rel ease tuhd hedhpkixamachine bavagpdraicusy vhamedahilitated similarly. In the

apparatus 300, when the respective lenses 101 of the multi-segment lens 1 of

the optical detection device A are arranged so that only obliquely downward

or obliquely upward detection beams 220 are formed, detection of the motion

of the human M passing through a place distant from the apparatus 300 can

15  Dbe prevented, and the saving of energy can be further facilitated.

[0131] Examples of the apparatus equipped with the optical detection device

A may include, for example, a vending machine, a ticket-vending machine,

an automatic tellers machine (ATM), a cash dispenser (CD) and the like, and

it is possible to release the halt state of the apparatus when a human

20 approaching the apparatus gets into the detection area 200, and to bring the

apparatus into an operable state immediately when the human stands in

front of the apparatus. In a case of equipping each of these apparatuses

with the optical detection device A, when the respective lenses 101 of the

multi-segment lens 1 are arranged so that only downward or upward detec-

25  tion beams 220 are formed, the motion of a human passing through a place



20 approaching the apparatus gets into the detection area 200, and to bring
the apparatus into an operable state i mmedi ately when the human stands in
front of the apparatus. In a case of equipping each of these apparatuses
with the optical detection device A, when the respective | enses 101 of the
mul ti-segnent lens 1 are arranged so that only downward or upward detec- 25
tion beans 220 are forned, the notion®#f a human passi ng through a pl ace

54 distant fromthe apparatus is not detected, and saving of energy can be

facilitatgd. 1ln.each of these apparat - T e ' s 101
of the nﬁﬁ?ﬁapgeféﬂ%’nfch? WP afaglfs ?ﬁglogp(felscggqed\é\%%e%c%lg‘glﬁl gdé@?%%%éfégn}g?r anged
so that qnl.y. obl.iquel 0 rd or ohliquely u rd detection b 220 are
5 for nedf%a@g‘lt%@tdi' oﬁno%gcgﬁgq\ﬁg?? Bﬁp?ﬁaq;ﬂ"ﬁgs’hv&ﬁ@ﬁQﬁgggf’%eﬁ%ltvﬁrISHﬁ?‘? ?ﬁg“;’& ace
distant fromthe apparatus can,be prevented, .and,the saving of energy can
be furthd efIBBFﬁliSng'@&.t lpps 429t %%%F%%Pa?tqcmna‘&pva‘?f‘a ArRYUTPHEE §th the
optical detection device A may include, for exagp\dﬁe, a lighti ngz appar at us,
an air cdhal onbhebligrelyHioWaWarger opsigNest uBR agd aatection S6ams 223 of
such appar atuses, detection of the vertical notion of a hunman is not

i npor pantformed Hetpstionnobphe cartigetdctheohugean qassbr thtrueh sherplepat a
detection area |like the detection area 200 shown in Fig. 10Bis forned is
nor e pr efdéstaipl érarh dhe appepativsaiandes prsvieobe d andcdrecuving Of ederaycan bat  a
detection area |like the detection area 200 15 shown in Fig. 3B is forned.

[ 0133] Wherthehdaappatedt us equi pped with the optical detection device Ais a
wal | - hangi ng lighting apparatus, the optical detection device Ais

pr ef er abll§132nFixguidds sHthdrappabtiageqhyp mhobwwdr thedgttacd idetedvmendevde® ar e
formed. In such a case, the lighting apparatus is turned on when a human
appr oachesnm2y idvdudd,dboi iergngfipan diglgtin@agphlwetusi ght aingoagdpasdrusr tlse t ur ned
of f when the human is not present, thereby being capable of facilitating
savi g ofiikenaidihtel @h3dvalll Alcase aQfase WfisPh BYparatiiRpar ditustid®bf thde
conditioning control such as an air conditioner with the optical detection

devi ce AyetfigalmMblion T BAMAERSndt ifpFtaher abd hetod hndditech] sRtédtadn
obli quely downward detection beans 25 220 are forned. This is because the

mot i on Ofdgaic@uwamg' el SQAURAP LhetPiohChe etkeb¥hé UAbSod hBeQDIdEIVE! Y

downwar d detection beans 220 since the air conditioner and the |ike are set

on a wal Ishﬁ&]lﬂsﬁl tf?g.ggggi s f9ndld & LA plésﬁgﬂat91&Qﬁ5hlyani 1§ fas&iff

equi ppi ng e appa or alr conditioning control such as the air

ConTbe oBErigh Idhedie AR IhAC LR AmAACHLES 1ke $hE Wtodtidd M APRIET O

can be p I'nt'ensi ace where e notion

of t hujran_exist s, [.0135 n a case of equi pping an apparatus such as a
?% | Shop it Sigt ?’ﬁglségnlle‘h-

cont
[0133] When the apparatus equipped with the optical detection device A is a

wall-hanging lighting apparatus, the optical detection device A is preferably
configured so that obliquely downward detection beams 220 are formed. In
such a case, the lighting apparatus is turned on when a human approaches
20 the lighting apparatus, and the lighting apparatus is turned off when the
human is not present, thereby being capable of facilitating saving of energy.
[0134] In a case of equipping an apparatus for air conditioning control such
as an air conditioner with the optical detection device A, the multi-segment
lens 1 is preferably configured so that obliquely downward detection beams

25 220 are formed. This is because the motion of a human in a room can be



|'i ghting apparatus nounted on a wall around an entrance of a roomwth the
optical detection device A the lighting apparatus is turned on inmmedi ately
10 when a hurman enters a room and the lighting apparatus is turned off
when the human is not present, thereby being capable of facilitating saving
of energy. [0136] The infrared Iiggft) receiving elenment 3 is not limted
to a pyroelectric infrared detecting enent, and may be, for exanple, a
| ight receiving el eml5 ent such as a photodi ode. [0137] Al though the
present i i . d I i : Bhal rred
Erbodi merfeeteiinly BB BE e CARIAIE Ul hpal LELERER ufig ol Bl ThE e
skilled in the,art with arting, fromthe true. spifit. _an cope of this
i nventi orf™* ﬁgﬂgﬁfrbqra?‘?’é.%hﬁgﬁp%gr%@% s 3w ﬁ %?ﬁel ‘(E:Oafpi %étlggtogo% rggl\?i‘ ce
conpri sing;,.,. .a lti-segnent |.ens configured conmbi ni.ng a
pl ur al i t y ofitiogalys ”Pm@l%n@asteh«gp?8?’?%"9%55@%6‘??9?%%8 gﬁdagaﬁo?#g’gﬂ’é% li ght
sensor having.an jnfrared light receiving el ement arranged on the,focal
posi ti on,control SuCL\ﬁﬁeﬁ’éi Hr cqBAtymernEith) thepntical getectian e‘é‘Feﬁeeeffec
mul ti-segnent lens is a_Fresnel lens in which a second surface, being the
rever §e divfeOReHAtRCHR by periexmed yaBEenmysly copling or (WagRIMBAPIA6e f aces,
at |least one of the plurality of 10 |lens surfaces is configured froma part
of a si devkeneftheanetionmwléhe hymamexséne, and wherein any nor nal
line intersecting with the Iens surface configured fromthe part of the
si de sur flat3blofintehensel dfieguiippingconappamsigs soches 4 fondgobér eapeldingz point s
on the first surface is non-parallel to a central axis 15 of the elliptical
cone cor ldporglapgaitasus meourted wgua feedbavaurtd anhiealranve emyraoon math thee
i ntersects.

optical detection device A, the lighting apparatus is turned on immediately

10 when a human enters a room, and the lighting apparatus is turned off when
the human is not present, thereby being capable of facilitating saving of
energy.

[0136] The infrared light receiving element 3 is not limited to a pyroelectric
infrared detecting element, and may be, for example, a light receiving elem-

15 ent such as a photodiode.

[0137] Although the present invention has been described with reference to
certain preferred embodiments, numerous modifications and variations can
be made by those skilled in the art without departing from the true spirit
and scope of this invention, namely claims.

20



2. The optical detection device according to claiml1, wher ei n at
| east two of the plurality of |lens surfaces are configured 20 from parts of
side surfaces of elliptical cones having the different central axes

respectively, and wherein as a | ens surface anong the at |east two
of the plurality of lens surfaces is l.gcated further outside, an angle
formed by the nornmal |ine and the cenf5 al axis of the elliptical cone

corresponding to the | ens surface 25 becones larger. 57 3. The opti cal
detection device according to clainyﬂfgmﬁgﬂzﬂ m 2, wherein a lens surface
| ocated on a center anong the plurality of |lens surfaces of each of the

plurality of ang%s?#ﬁcaqm %&%nege$igg%ﬁp9%§ﬁ of an 5 aspheric surface with
angi ng ature, an $h

cont i nuousl y changi curv erein any normal |ine

intersecting wiith the |ens surfacec.that ;i;s |located o h n nd is
confi gured fro@\?ﬂlaﬁ%¥¥n%ﬁt eﬁg(ﬁ’6%%?%%l?h?Iégéngﬁﬁgéﬁ?ﬁgﬁ$hé¢§§ﬁ%F?nes of
the resp cti.veéﬁ)oi nt s @n t he.f.irst (?urface is non-parallel to an axis of

synmmet ry B IR EhG spmelocalRpsitery 29 r esponding to 10 the |ens surface
| ocated on the center with which the any narpal line intersects. 4, The
optical detect iaé‘nllﬁc@/‘iegleltlﬁ}é'%é?’a?q{gﬂ?‘él I %ﬁlr}pgf%re\x%‘é}é’g]tnrepﬁléﬂgg MPBt sur f ace
is a hyperboloid. 15 5. The optical detection device according to any one
of cl ai m@ryapgedon the focal pREIEKEL, N the nul ti-segnment lens is configured so
that, anong the plurality of lenses, a lens which is further separated from
a center of th&haipin eadypbthe phiralisaof densesgd the apultysegment deps wer ond
surface. 20 6. The optical detection_device accordi r]g to any one of
clai ns 1 Rresmel lgerisi whidhe apggcond sagfamet berg the reverse gidegusticeradta maxi num
t hi cknesses of the plurality of | enses are the sane. '
first surface, has a plurality of lens surfaces, at least one of the plurality of
10 lens surfaces is configured from a part of a side surface of an elliptical cone,
and
wherein any normal line intersecting with the lens surface config-
ured from the part of the side surface of the elliptical cone among normal
lines of respective points on the first surface is non-parallel to a central axis

15 of the elliptical cone corresponding to the lens surface with which the any

normal line intersects.

2. The optical detection device according to claim 1,
wherein at least two of the plurality of lens surfaces are configured
20 from parts of side surfaces of elliptical cones having the different central
axes respectively, and
wherein as a lens surface among the at least two of the plurality of
lens surfaces is located further outside, an angle formed by the normal line
and the central axis of the elliptical cone corresponding to the lens surface

25  becomes larger.



58 wherein the infrared |light receiving el enent includes a
plurality of device elenents each forned into a rectangle, and the
plurality of device elenents are arranged so that short side directions of
the plurality of device elenments coincide with each other. 5 8. The optical
detection device according to any one_of clains 1 to 6, wherein the
infrared light receiving elenent is céﬁfigured by arrangi ng four device
elements in the formof a 2*2 matrix, each of the four device el enents
being forned into a square, and 10wherein the four device elenments are
arranged so that a direction, in which respective single diagonal lines of

t devi I d d | 4 he f d
cl'ement s ar o conieiany area o AR s PRl d B e AT ghe 1 et
di t 159. .Th I t n, d di t

wher el n_arr anggvrbeeﬁ%nﬁ teySEurtare fyn B tepeett S DeaRete STREY B ik
plurality oéwlen ﬁﬁy%ﬂy; lti-se nt lens and th |nfrared det ecting
el enent S&T @@@ A 1t ofclomsgg na conbguted iftu 2 @ li% 1 o any

one of clains 1 to wherein the plurality of(genses i ncl ude a
first5l ed§PhPHG ﬁurfaﬁ@avlrcb caRFiaNguE YA eHgIag CHEE TSP di r ect i on,
wherein the infrared Iight receiving elenent is_configured by arrangi ng
four device el atherei pRYtME DRl Hnefindersectipgtwith, tl@alﬁnswmt Aee thab idevi ce
25 el enents being forned into a square, and 59 wherein the device
el ement s leragedonahgertnger ahdtis gonfigerad fam the partcof thespenhaneseifagg e
di agonal lines of two device elenents |ocated on di agonal positions anong
t he four adenig ¢hel eomnak liawe cbmhectesdedtivd wists angthe |finse, swbaceciigles Wit h
the one direction. 5

non-parallel to an axis of symmetry of the aspheric surface corresponding to

10 the lens surface located on the center with which the any normal line

intersects.

4. The optical detection device according to claim 3,

wherein the aspheric surface is a hyperboloid.

15
5. The optical detection device according to any one of claims 1 to 4,
wherein the multi-segment lens is configured so that, among the
plurality of lenses, a lens which is further separated from a center of the
multi-segment lens has a larger lens area of the second surface.
20

6. The optical detection device according to any one of claims 1 to 5,
wherein the multi-segment lens is configured so that maximum

thicknesses of the plurality of lenses are the same.

25 7. The optical detection device according to any one of claims 1 to 6,



11. The optical detection device according to claim 10, wherein the
plurality of |enses further include a second | ens group adjacent to the
first lens group and arranged al ong the one direction, and wherei n anong
the plurality of |enses, | enses of the second |l ens 10 group are arranged to
be staggered with respect to | enses o% the first lens group. 12. The
optical detection device according to gny one of clains 1 to 11, wherein a
|l ens material of the multi-segnment |ens is polyethylene. 15 13. The optical

detection devi %e?%fér?';trﬁ% ??f&?e@ﬁ%%h@%c@if‘dﬁé Al dHe %%’célg]tée?s a %lutrﬁlit%?r ein a

| ens material of -segne l'ens 1s” pol yet an e Tirst
surface i C u C | o] S| osd . t he
second sdb Rectlebht UAAC Ry, it SAMEAIETRE], BSLAGRIRIAT At

det ect | Onelgn%\éh sealgecaclprracrjllggg s%%h%@yshg{"]tesi%fe (ﬁlréf’lcltlr(r)‘sns1of1 t%elpgimality of device

elements coincide with each other.

8. The optical detection device according to any one of claims 1 to 6,
wherein the infrared light receiving element is configured by
arranging four device elements in the form of a 2*2 matrix, each of the four
device elements being formed into a square, and
10 wherein the four device elements are arranged so that a direction, in
which respective single diagonal lines of two device elements located on
diagonal positions among the four device elements are connected with a

straight line, coincides with a right-left direction.

15 9. The optical detection device according to claim 8,
wherein arrangement of a plurality of detection beams formed by the
plurality of lenses of the multi-segment lens and the infrared detecting

element is staggered.

20 10. The optical detection device according to any one of claims 1 to 6,
wherein the plurality of lenses include a first lens group linearly

arranged along at least one direction,
wherein the infrared light receiving element is configured by arran-
ging four device elements in the form of a 2*2 matrix, each of the four device

25 elements being formed into a square, and



59

wherein the device elements are arranged so that a direction, in
which respective single diagonal lines of two device elements located on
diagonal positions among the four device elements are connected with a

straight line, coincides with the one direction.

11. The optical detection device according to claim 10,

wherein the plurality of lenses further include a second lens group
adjacent to the first lens group and arranged along the one direction, and

wherein among the plurality of lenses, lenses of the second lens

10 group are arranged to be staggered with respect to lenses of the first lens

group.

12. The optical detection device according to any one of claims 1 to 11,

wherein a lens material of the multi-segment lens is polyethylene.

15
13. The optical detection device according to any one of claims 1 to 11,
wherein a lens material of the multi-segment lens is polyethylene,
and the first surface is a curved surface that is convex toward a side opposite
to the second surface.
20

14. An apparatus comprising the optical detection device according to

any one of claims 1 to 13.



