SPECI FI CATION TI TLE OF THE | NVENTI ON LI GHT | RRADI ATI ON APPARATUS
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to a light irradiation apparatus using an LED as a |light source
that is preferably used for spot illum nation for product inspection, plant
cultivation, or exhibits (pictures, foods, etc). Description of the
Background Art Recently, the high-intensity LED called the power LED, the

bl ue LED, etc. have been devel oped, and along with these devel opnents the
LED are having greatly enlarged a For exanple, as a spot |ight
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i rradi ati on apparatuses each of which uses the LED that is superior in a
life, |uminous intensity KIGATIIRRADIAION APPARATUSS fi ci ency, etc. have
been devel oped. Moreover, since the LED emts a |l ess anount of heat and is
al so excellent in contr o BAGKGROYNDIOF THE NMVENTION attracted attention
also as the light source for plant cultivation. On the other hand, in order
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described in the follow ng patent docunents 1, 2 have been devel oped An
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guiding light emtted fromthe LED to a |ight guide, such as a transparent
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plant cultivation, or exhibits (pictures, foods, etc.).
Description of the Background Art

Recently, the high-intensity LED called the power LED, the blue LED, etc.
have been developed, and along with these developments the LED are having
greatly enlarged applications. For example, as a spot light irradiation apparatus
for product inspection that is used for detecting flaws of a product and reading a
mark thereof, conventional one using a halogen lamp as its light source has been
used. However, in recent years, irradiation apparatuses each of which uses the
LED that is superior in a life, luminous intensity stability, fast response, efficiency,
etc. have been developed. Moreover, since the LED emits a less amount of heat
and is also excellent in controllability, the LED has newly attracted attention also
as the light source for plant cultivation.

On the other hand, in order to guide the light emitted from the LED to the
forward, optical units as described in the following patent documents 1, 2 have been
developed.

An optical unit of the patent document 1 (called an optical coupler) is for
guiding light emitted from the LED to a light guide, such as a transparent rod, with

as less waste as possible, being used mainly for dental medical treatment. This



1 optical coupler is equipped with a bow shape body that is transparent and
solid, and a recess part is provided on abase end face of the body. Then
the light emtted fromthe LED disposed in the recess undergoes total
reflection on a curvilinear side of the body, or directly, and is emtted
froman apical surface of the body. The apical surface of the body is nade
flat and is so configured that its apical surface is closely contacted with
a light guiding face of the light guide and substantially whole of the
light emtted fromthe LED js _guidedq jnto the |ight guide. An optical unit
(cal | ed #ptispkcoypleyys eguippads @Mﬁﬁh@p@bm@at@mwimsog rt and an
outer-ring prismpart, being configured to receive all the |ight fromthe
LED by t raad apesessqenrt isrowided on a hage end facq of therhodzd Therthe light epsittedch an
optical unit is nmade to be built in a spot light irradiation apparatus, an
opti cal ifromdheLidhdispasediie theronpssiunsiergaes tasobrefiputionr a cepnlinear sideach of
what were described focused only on efficiency of casting the light from
the LED fafthebetly, or directlynand idmitteddram an apical kerfacegifthe bedydi heon ar ea

adj ustable by mating a di stance between the LED and the optical unit

vari abl e.apRatl sutfackoafithe bodylis ndadedtetsm dus s eorifigadedtiat iifs apidal swrdadeds No.

2003- 227974 Patent docunent 2: Japanese Unexam ned Patent Publication No.
2002- 436 2%osely\detattéd-withia lighviphidiaRifdce of thalight guidesans sutbistamti dllyevlmles ent

i nvention provides a light irradiation apparatus that can perform
adj ust mendf thé hightoanitted/ fivan thwLED i8 guldedtiniothadight p@ide. ar ea, and can gui de

al nost whole of light emtted froman LED to a light irradiation area

wi thout a | 0osAn optichllvinif@blled!® tens®ddpr d@platit document 2 has a central prism
part and an cuter-ring prism pért, being configured to receive all the light from the
LED by the lens body and emit it to a predetermined direction.

If such an optical unit is made to be built in a spot light irradiation apparatus,
an optical irradiation efficiency will be improved further. However, each of what
were described focused only on efficiency of casting the light from the LED forward,
it cannot make the size of the light irradiation area adjustable by making a distance
between the LED and the optical unit variable.

Patent-document 1: Japanese Unexamined Patent Publication No.
2003-227974

Patent document 2: Japanese Unexamined Patent Publication No.

2002-43629

SUMMARY OF THE INVENTION
In view of this problem, the present invention provides a light irradiation
apparatus that can perform adjustment of widening/marrowing a light ixradiation
area, and can guide almost whole of light emitted from an LED to a light irradiation

area without aloss, asits main desired problem.



2 That is, the light irradiation apparatus according to the present
I nvention has an LED and an integrated-type optical unit having optical
transparency that allows the |light fromthe LED to pass through its inside
and emt fromits apical surface, the optical unit has a rotating body
shape centered on an optical axis of light emtted fromthe LED, further
I ncl udi ng a supporting body such that an opening is given to the base end
recess for housing the LED in the central part of the base end face and a
reflection plape for perform.ng substantially total reflection of _the |ight
from the LED FBatigy thedighhradialioy apparatasaccordingto thegresent ipventign g c o
surface, a ositjon adjustnent nechanismfor adjusting a relative position
of the ot hﬁD anl an integratad-typp optieal gmithaying epfical fmanspaneney that allows
characterized in that the position _adjustnent nechani sm nakes the optical
pstbrovghi f

uni t novdhedight from the LR to. its ppealsurfacech a part
or the whole of the supporting body is housed in its base end recess and a
cl ear anc ¢hpopticalamithasshiatating bodypihame centetetcen aif optieal axiswflight ng body and a
base end face of the optical unit becones substantially the same height
when t he ewiteddrom dhé LER firthefintladimg pegppoitige badjysuchrthat amopefing ise  base
end recess. If the light irradiation apparatus is such, the |ight

i rradi at i giveratocthedase aed resesbforhdusing theddED in thecaniral tpiastofabe bagenark

mechani sm Therefore, it is very suitable for product inspection where the
w deni ng/fae¢ amdvh Refldction plaadoeperfdrniiig substadialit tooal reflgltiondf deslightyg on a
work is required and for plant cultivation where an irradiation target

varies i rfr@hzhe UBD isfoirhéd 6 tekide avdrthavkolds tHa KED oty libAGhifase, @l ane of
the optical unit is sure to exist on the side of the LED whichever position

the LED ngnéftsort Mljistnidh nikeBbhisAifod d djustiie Atrel a6 Positisnof tHeopticalNinif r om t he
LED that emts it in a range of 90 at naxi num

to the LED along an optical axis direction, characterized in that the position

adjustment mechanism makes the optical unit move relative to the LED between a

proximity position at which a part or the whole of the supporting body is housed in

its base end recess and a dearance position at which the apical surface of the

supporting body and a base end face of the optical unit becomes substantially the

same height when the substantially whole of the supporting body comes out of the

base end recess.

If the light irradiation apparatus is such, the light irradiation area can be
widenedmarrowed by the position adjustment mechanism. Therefore, it is very
suitable for product inspection where the widening/narrowing the diameter of the
irradiation light depending on a work is required and for plant cultivation where an
irradiation target varies in size due to its growth.

Moreover, since the reflection plane of the optical unit is sure to exist on the
side of the LED whichever position the LED moves to by the position adjustment
mechanism, the light from the LED that emits it in a range of $90° at maximum

can be surely reflected and can be effectively utilized.



can be surely reflected and can be effectively utilized. 3 In order to
realize the position adjustnent mechanismwith a sinple configuration, it
is desirable that the position adjustnent nechanismis so configured that

t he supporting body and the base end recess are nade to fit each other
substantially without | ooseness in a direction perpendicular to the optical
axis and is configured to be slidable in the optical axis direction. As a
concrete enbodi ment, there can be enunerated a super high-intensity type to

whi ch a currept of 2 nore cap be contipuously. flowed as the
above- nent i on&y0ydepto }"WT‘?F@&?PW%% PWWM FHEMPR i cal unit and

in order to partltlon a .transm ssion_ area_of ht refl|lected by the

refl ecti ospnbiguration; itis desyable that the position adj mechagismis$® of | i ght ot her
than this, so that an optical design is nmade easy, the optical unit is

sui t abl e: configurgst thetithe svpportag bodyamd thie bass end recess gramadetoditeackent r al
part, emts substantially all the light rays that undergo total reflection

on the reoheesulistantpalyrwithemtrigosenesslin ghdirectipn pexpendigutartto thereptidab axisD

wi thout allowing themto pass through the central refraction part, and

em ts subsndistconfigyredad be shdahle ghtheroptisalaxisediredtian. t hat | i ght rays by mating
them pass through the <central refraction part. As a |light irradiation

appar at us sui Asld eneebeeamnbbdiyndnb) thernmartieanimmerataiposipey highimtendigr e can be
enuner at ed one such that the optical unit is formed so as to have a central
convex | etypepawhidhoa ceatentofi200 nad iof alores i be eontanionaly floatel asahei ng  convex

|l ens part of a different curvature formed on the periphery of the apical
surface ofhdveanasivnedlLEIDNvex | ens part, and a curvilinear bul ge surface
that is a reflection plane forned on its side, wherein the |ight
irradi ation appefdérys attSirSémpactness of the optical unit and in order to partition a
transmission area of light reflected by the reflection plane of the optical unit and a
transmission area of light other than this, so that an optical design is made easy,
the optical unit is suitable: the optical unit has a central refraction part in i:he
central part, emits substantially all the light rays that undergo total reflection on
the reflection plane among the light rays coming out from the LED without
allowing them to pass through the central refraction part, and emits substantially
all the light rays other than that light rays by making them pass through the
central refraction part.
As a light irradiation apparatus suitable especially for concentrating
spotlighting, there can be enumerated one such that the optical unit is formed so as
1o have a central convex lens part formed in its apical surface central part, a ring
convex lens part of a different curvature formed on the periphery of the apical
surface of the central convex lens part, and a curvilinear bulge surface that is a
reflection plane formed on its side, wherein the light irradiation apparatus is so
configured that, among the light rays emitted from the LED, substantially all the

hight rays passing through the side of the base end recess are configured to emit to
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configured that, anong the light rays emtted fromthe LED, substantially
all the 1light rays passing through the side of the base end recess are
configured to emt to 4 the outside by undergoing total reflection as

nmut ual Iy converging |light rays through the ring convex lens part, and
substantially all the light rays passing through the bottom of the recess
are configured to emt to the outside as nutually converging |ight rays
through the central convex lens part. In this configuration, if the convex

| ens part is forned on a bottomof the base end recess, refractivity at the
central cihevetsidlehyupdengoingrtotad reflegtions asimutually canverging lightays thweagh t o nake
an optical design wthout unreasonable settings. Preferably, one that is

sui t abl e theriny cpeeslens paytpand pabstantially alhthedight appdp assingf thibmighgthesed f or
plant cultivation etc. is such that the optical unit is so configured that
an api cal botemesfthesecsse aesiconfiguicl topndato therchédde aeniutaillypeuriverging i ng
concave lens part is fornmed on the periphery of the apical surface of its

api cal rek@ftsay@fifoagh the senbdahedivek Wrastir f ace that is a reflection plane
is formed on its side, wherein the light irradiation apparatus is so

conf i gur ed hi3 uiffo, iElle cheS 188 e foGEH oh ieboklakl oftbETkaal  al | ¥

all the light rays passing though the apical recess are configured to emt

to the oulg Sr&fﬁcﬁ@ftﬁhvﬂiﬂééﬁhﬁl%%%%ﬂﬂéaﬂ%ﬁ%&sﬂah?  th@t itt hem to

pass through the concave | ens part, ile substantially all e light rays
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effect i nglydlngid FEE8N8 op&ufliin its apical surface central part, a ring concave lens

part is formed on the periphery of the apical surface of its apical recess, and a
curvilinear bulge surface that is a reflection plane is formed on its side, wherein the
light irradiation apparatus is so configured that, among the light rays emitted from
the LED, substantially all the light rays passing though the apical recess are
configured to emit to the outside as outwardly diverging light rays without allowing
them to pass through the concave lens part, while substantially all the light rays
not passing through the apical recess undergo total reflection on the curvilinear
bulge surface are configured to pass through the concave lens part, and is made to
entit to the outside as outwardly diverging light rays.

In this configuration, if the central convex lens part is formed in the bottom of
the apical recess, the reasonable optical design becomes easy as well. Incidentally,
a lens part or a lens indicates any part having a lens effect including a Fresnel lens
etc. as well as the normal lens.

A desirable mode for the power LED is one such that the supporting body has

a main body part and a bulge part that is provided on the main body part and has



etc. as well as the normal |ens. A desirable node for the power LED is one
such that the supporting body has a nain body part and a bulge part that is
provi ded on the nmain body part and has 5 conductivity. There can be

enuner ated one such that the LED is joined on the bulge part using gold-tin
sol der and the bulge part is soldered onto the main body part. It is
preferable that the main body part has a lam nation structure in which a
wiring layer, an insulating |ayer, and a thermal conduction |ayer are

lam nated in this order fromthe apjcal surface, and the hulge part has a
ther mal eondualvitn Thets cancheenumenajedbonesuch shatthed, R sioredosdbe; ci ent of
the LED and a thermal expansion coefficient of the thermal conduction

| ayer. MNboulgepert usinggald-gintsolderaaidahe bulgeppziiasolderadoate theymain bady present

i nvention has: an LED; a solid optical unit with optical transparency that
s in thpathape of a w dening-toward-end rotating body wwth a center of the
optical axis of the light emtted fromthe LED and nakes the light fromthe
LED pass t hr dtigiprefesablethatdhe arain body pant hfis adamisation staictexenhadech and a
concave | ens disposed in a further apical end side of the optical unit;
wher ei n {vhénghiver, ah insulating 1:ger,coldld theiwd] condinction Biveeaid lamingtedne f or
perform ng substantially total reflection of the light fromthe LED on its

side , aiils brder A0 thecdpichd susfags ahd ilenbalde paivTRizla eehahégankionh setting a
cl earance between the concave lens and the optical unit along the optical

axi s di r gieffi@htbRtween ¥ terail expdiaion bficieht 6AtHeLED anil% theshsar abl e that the

optical unit is configured as follows: the optical unit is so configured

that a bagRmditd coffgiRat bthe TR AGohdEtlohBayex. Opened in the central part of
t he base end face, a central convex lens part is forned

Moreover, the light irradiation apparatus according to the present invention
has: an LED; a solid optical unit with optical transparency that is in the shape of a
widening-toward-end rotating body with a center of the optical axis of the light
emitted from the LED and makes the light from the LED pass through its inside
and emit it from its apical surface: and a concave lens disposed in a further apical
end side of the optical unit; wherein the optical unit is so configured that a reflection
plane for performing substantially total reflection of the Light from the LED on its
side , and further includes a position adjustment mechanism for setting a clearance
between the concave lens and the optical unit along the optical axis direction to be
variable.

More specifically, it is preferable that the optical unit is configured as follows:
the optical unit is so configured that a base end recess for housing the LED is
opened in the central part of the base end face, a central convex lens part is formed
in the center part on its apical surface, a ring convex lens part of a curvature
different from that of the central convex lens part is formed on the periphery thereof,
and a curvilinear bulge surface acting as a reflection plane for performing total
reflection of the light from the LED is formed on its side, wherein among the light



in the center part on its apical surface, a ring convex lens part of a
curvature different fromthat of the central convex lens part is fornmed on
t he periphery thereof, and a curvilinear bulge surface acting as a
reflection plane for performng total reflection of the light fromthe LED
Is formed on its side, wherein anong the light 6 rays emtted fromthe LED,
substantially all the Iight rays passing through the side of the base end
recess are configured to undergo total reflection on the curvilinear bulge
surface and emt _to the outside as, nutyally converging |light_ rays through
the ri rkaveemyied fromsthed D, sybsiantially ?i‘&N 1ays PasuRg throggh thegide nassi ng
through the bottomof the recess_are configured to emt to the outside as
nut ual | yofghebasegnerecessgue co @%@éﬁﬂefémﬂ@rﬁhéﬁur‘éh%eiﬁfart . Even
bei ng such an apparatus, since it can satisfy both w dening/narrow ng of

t he | i ghbulize serfacetanshemit éo theniitsile as marunally convesging hght rayisdhrdughtthet he sane
effect as what was descri bed above can be attained and it becones suitable
especi al tiyg tanrvex persdrsrt, whitesmbstantiallplalrthe bight rayaipassing ioughvtheover, an
adj ust abl e range for position adjustnent can be taken a wi de value and this
char act ebotton of thekrecess anecordighrsl toeniit tathe. outide as ondnally conyepgdingt
cultivation, vegetation lighting, etc., one that can irradiate light in a
| ar ge arkghtirays qougle the depitral batverlezqeat. it is desirable that the
apparatus has a plurality of LED s provided in an arrangenent, a plurality
of optical Byehbeisueh pARDpALLLS sitrestcadiitiafy il vidatitgabitorieg concave

| enses corresponding to these optical units, wherein the position

adj ust megfthaHeheiRfdatiothalearandeffliéinftilizatios bbtHedlphe the saRWPReidsve concave

| enses and respective optical units. As a suitabl'e node of the position
adj ust "eghatias dedcibed bb&Vetahidiz Afiined and it becomes suitable especially for

product inspection, plant cultivation, etc. Moreover, an adjustable range for
position adjustment can be taken a wide value and this characteristic makes fine
adjustment easy.

When considering plant cultivation, vegetation lighting, etc., one that can
irradiate light in a large area is required. For that purpose, it is desirable that the
apparatus has a plurality of LED's provided in an arrangement, a plurality of
optical units corresponding to these LED's, and a plurality of concave lenses
corresponding to these optical units, wherein the position adjustment mechanism
uniformly alters the clearances of respective concave lenses and respective optical
units.

As a suitable mode of the position adjustment mechanism, there can be
enumerated one such that the position adjustment mechanism makes the concave
lens move relative to the optical unit between the clearance position at which the
diameter of the light emitted from the optical unit becomes minimum or a position
being its neighbor position and a proximity position being set further nearer the

optical unit side than the clearance position.



enuner at ed one such that the position adjustnent mechani sm makes the concave
| ens nove relative to the optical unit between the clearance position at
which the dianmeter of the light emtted fromthe optical unit becones

m nimumor a position being its neighbor position and a proximty position
bei ng set further nearer the optical unit side than the cl earance position.
7 At the clearance position, the dianmeter of the light emtted fromthe
optical unit becones roughly a mnimum the light is converged in a range

where a curvat near the.center. of the,concave Lens.is small
refraction p e Posgty %’#ﬁmﬁmﬁﬁsﬁtﬁﬁ@gﬁt@@@m E"""-’aass t hr ough
t he concave Iens and .Cross, $§B€ little affected wth refraction, and
becone Biirﬁg , the iscenvergedea range VherE dcent er of t he
concave Iens may be fl at unlforn}thlckness hape, .or a through hole nmay be
formed | puvparesgar theneptar oftheco wwsnfyailan d yefeactinn owRr BSOBESs f or ned,
attenuation of the |ight at the clearance position at which _the Ilght
wi dens nasinimumd Fremithengnthedight ragapass shrongh the egncpee lengandimake a
descri bed above, and the effect becones renmarkable. Specifically, mhat IS
necessar gross; beingtlittle affecied watherefitacioyanddiecome mwst wideneddighbragisness part in
the center of the concave |lens, and to configure so that substantially al
the |i gh‘i[‘hemﬁtmecmmegneartﬁer@ntemﬂ'tb@cdma*elans mayde flzdss t hrough the
t hrough hole at the clearance position. In a case where intensity |oss of
t he | i ghtmifomi-tigickngss tshape, bha themghdiolcmay be forimstinghe neascanttadmdexd t o be
| essened as nuch as possible or in a case where the control with the
concave Egpeidlly, ifthetlasagh holeibfirmed, aterastioniof tise lightptelie deamnceé hr ough hol e
or a uniformthiclmess part in the center of the concave lens, and it is so
conf i gur pekititreat whizhtthelight wideak mdstlg andghé ilhayishaaeabaenes snfallagntbee cent r al
inhibited as described above, and the effect becomes remarkable.
Specifically, what is necessary is just to provide a through hole or a
uniform-thickness part in the center of the concave lens, and to configure so that
substantially all the light rays coming out from the optical unit may pass through
the through hole at the clearance position.
In a case where intensity loss of the light coming out from the central convex
lens part is intended to be lessened as much as possible or in a case where the
control with the concave lens is unnecessary, what is necessary is to provide a
through hole or a uniform-thickness part in the center of the concave lens, and it is
so configured that substantially all the light rays coming out from the central
convex lens part may pass through the through hole or the uniform-thickness part.
In a case where a plurality of LEDs each having different emission color are
mounted in a single optical unit in an assembly, or the apparatus has a plurality of
optical units, it may be adopted that colors of the LEDs corresponding to the optical
units are made different, whereby the emission intensity ratio of the LEDs is

changed depending on an illumination target, for example, the illumination color is



convex lens part may pass through the through hole or the uniformthickness
part. In a case where a plurality of LEDs each having different em ssion
color are nounted in a single optical unit in an assenbly, or the apparatus
has a plurality of optical units, it my be adopted that colors of the LEDs
corresponding to the optical wunits are nmade different, whereby the em ssion
intensity ratio of the LEDs is changed depending on an illum nation target,
for exanple, the illum nation color is 8 nade adjustable to be a plurality

of stages. .If being such an gppar.at us, ti.mum _illum nation that matches an
i 11 uni na@lﬁ@ﬁaﬂﬂﬁ@ﬁe@é&ﬁ@é“ of lggee ng gash anapRATABLS, PHEHE t e col or
can be changed a little, fromartificial white color to warm_ colored white
col or evidamination: that matehes amidlugination target; hesomgs pbledp ke dewe, 161 | uni nat i on
target, and therefore the apparatus becones specially suitable as a spot

i |1 uni naexan.lplﬂthsﬂvl:émkmcﬁg%e@h nfros whiteteelor teywarmar r adi at i on
apparatus can adjust w dening/narrowing of the light irradiation area and
can gui deslakdwudiitesioloreten il 4 gise whrs theedlorgs edtite; depanding @ED to the |ight
irradiation area without a |l oss can be provided. BRI EF DESCRIP' T' | ON OF THE
DRAW NGSllEifination targetpand peareforethd appasitosbecpisespecnly guiable BBapackage and
an optical unit in a first enbodi nent of the present invention; FIG 2 is a
central $pobghimmhab@l sectional view showing mainly an internal structure of
the optical unit in the enbodinment; FIG 3 is an enlarged sectional view

showi ng t he [ThRspaekdie iothe peeseathnentiontthe il irfadistich ghpprapistanof a
substrate in the enbodi nent,
adjust widening/narrowing of the light irradiation area and can guide almost all the
light rays coming out from the LED to the light irradiation area without a loss can

be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view showing separately an LED package and an
optical unit in a first embodiment of the present invention;

FIG. 2 is a central longitudinal sectional view showing mainly an internal
structure of the optical unit in the embodiment;

FIG. 3 is an enlarged sectional view showing the LED package in the
embodiment;

FIG. 4 is a plan view of a substrate in the embodiment;

FIG. 51is a diagram of light rays when the optical unit is placed at a proximity
position in the embodiment;

FIG. 6 is an illuminance distribution diagram when the optical unit is placed
at the proximity position in the embodiment;

FIG. 7 is a diagram of light rays when the optical unit is placed at a clearance

position in the embodiment;



FIG 5 is a diagramof light rays when the optical unit is placed at a
proximty position in the enbodinent; FIG 6 is an illum nance distribution
di agram when the optical unit is placed at the proximty position in the
enbodinent; FIG 7 is a diagramof |ight rays when the optical unit is
pl aced at a clearance position in the enbodinent; 9 FIG 8 is an
I 1 lum nance distribution diagramwhen the optical unit is placed at the
cl earance position in the enbodinent; FIG 9 is a central | ongitudi nal
sectional view showing a light_irradiatjon apparatus jn a secqnd enbodi nment
of the preseHlGihisan Hyminmieg distgibuion WEW@‘QHMW@*’% li ght
irradi ati on apparatus in the enbodinent; FIG 11 is a diagramof |ight rays
when a c¥ftbaglearanne fositighae ke embedimentr ance position; FIG 12 is a diagram
of light rays when the concave lens is placed at a proximty position, FIG
13 is a cent F&G.$bng¢&ntcﬁlhmgiwmaléﬁ&OMIW§homn@aﬁghhgmdmmoradi ation
apparatus in a third enbodi nent of the present invention; FIG 14 is a plan
Vi ew shoappagatusdn lai sghind embatliment of thepaesentimvienticive enbodi ment; FIG 15 is
a central |ongitudinal sectional view showing a light irradiation apparatus
in a fourth #FHGoH) Enperspective vipmesmwing thvelightarmadiation dpparstua iptlene vi ew
showi ng the light irradiation apparatus in the enbodinent;

embodiment;

FIG. 11 is a diagram of light rays when a concave lens is placed at a clearance
position;

FIG. 12 is a diagram of light rays when the concave lens is placed at a
proximity position;

FIG. 13 is a central longitudinal sectional view showing a Light irradiation
apparatus in a third embodiment of the present invention;

FIG. 14 1s a plan view showing the light irradiation apparatus in the
embodiment;

FIG. 15 1s a central longitudinal sectional view showing a light irradiation
apparatus in a fourth embodiment of the present invention;

FIG. 16 is a plane view showing the light irradiation apparatus in the
embodiment;

FIG. 17 is a side view showing the light irradiation apparatus in the
embodiment;

FIG. 18 s a bottom view showing the light irradiation apparatus in the
embodiment;

FIG. 19 is a central longitudinal sectional view showing an optical unitin a
further another embodiment of the present invention;

FIG. 20 is a central longitudinal sectional view showing an optical unitin a
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FIG 17 is a side view showing the light irradiation apparatus in the

enbodi nent; FIG 18 is a bottomview showing the |ight irradiation apparatus
in the enbodinent; FIG 19 is a central |ongitudinal sectional view show ng
an optical unit in a further another enbodi nrent of the present invention;
FIG 20 is a central |ongitudinal sectional view show ng an optical unit in
a 10 further other enbodi nent of the present invention; FIG 21 shows a
concave lens in a further other enbodi nent of the present invention and is
a diagramQf |ight rays when the concave |lens is placed at a clearance

posi t i onturthey ofher embwdiment ofithepraserfinveRfian r ays when the concave lens is

pl aced at a roximty position in the sanme enbodi ment. DESCRI PTI ON OF THE
PREFERRED E eshos's aponsave lens inafotherother gnbediment ebthetoresenént i on wi | |
be described referring to the drawi ngs. First Enbodi ment The |i ght

i rradi atinwanié@pam@iaﬁsgiamofh@ttmysw epthesemcavedendisplacedata an  LED
package 1 including an LED 11 that is a |ight source, an optical unit 2 that
r ecei vescléanghte positicrs@nflr om t he LED 11 and enits it fromits apical surface
21, and an unillustrated casing for housing and hol ding these LED package 1
and optical FiGi22i3.a diagramaofligltraysvivhen itiee comeave lend is plackdtatid . The LED
package 1 has a supporting body 1A and the LED 11 supported on an api cal

surf ace pwkimity pbstion in the same embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereafter, embodiments of the present invention will be described referring
to the drawings.

First Embodiment

The light irradiation apparatus according to the present embodiment has an
LED package 1including an LED 11 that is a light source, an optical unit 2 that
receives light emitted from the LED 11 and emits it from its apical surface 21, and
an uniltustrated casing for housing and holding these LED package 1 and optical
unit 2.

The each part will be described in detaill. The LED package 1hasa
supporting body 1A and the LED 11 supported on an apical surface 1A1 of the
supporting body 1A, and the both are fixed to the casing.

The supporting body 1A is, as shown in FIGS. 3 and 4, is composed of a main
body part 1A2 in the shape of a plate of a uniform thickness and a mount member
1A3 that is a bulge part provided on the main body part 1A2, and is mounted on a
wiring board 4. The main body part 1A2 is, for example, a member in a
substantially circular shape in a plan view having a predetermined thickness and

has alamination structure of a wiring layer S1, an insulating layer S2, and a
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supporting body LA, and the both are fixed to the casing. The supporting
body 1A is, as shown in FIGS. 3 and 4, is conposed of a main body part 1A2
in the shape of a plate of a uniformthickness and a nount nenber 1A3 that
is a bulge part provided on the main body part 1A2, and is nmounted on a
wiring board 4. The main body part 1A2 is, for exanple, a nenber in a
substantially circular shape in a plan view having a predeterm ned thickness
and has a lamnation structure of a wiring layer S 1, an insulating | ayer
S2, and a 11 thermal conduction_layer S3 stacked in _this order fromthe

api cal sthermabconphestionfayien §3 starked y this oxder fiom themnical surfaces fThea f ew pm
thick on which gold (sliver) plating is processed and substantially

i ncl udi ngiEnglayer B1 isyothinicopperdghwithe fawrim ghickantvanok ged(slivers1(2) | each
pattern of which is connected to a P layer or N layer of the LED 11. The

I nsul at i pgtingyeproeessed andishbstahtiglly ingludang a pair of positiveegatiyeovirimgt eri al is a
pol yam de resin, an epoxy resin, or the like as a material. The thernal
conduct i pattéms&1(8351©), eadepatteml of whichnsasnneated tra Bllayerton delayhi akness i s
sufficiently thick conpared to the wiring layer S 1 and the insulating |ayer
S2, andthe BEBfldr sTheisuliatihlayee® fsraothin beyet Bfewt terisqumfthickextanpl e, an
unillustrated casing. Incidentally, a synbol S5 denotes a through hole

penet r at ni3geridlds a pulypafitée fghm) est\epbly radirg ok bhekkeasa diatedal. oThand al | ows the
wiring patterns S1(1) and S1(2) to pass through the wiring board 4. The

mount e gibgxm d¥Psonidhiclo Biye£ 53 ismhle ofdlantneh & dDnatdial libdedhickassiictivity

and nmade o for exanple, copper whose area in a plan viewis larger than

that of {duuffiddthlthidéopipdrsd betheefining 1hya 1 ddd e isilheh 1aylet SR, USi Ng a

first joint material, for exanple, creamsolder in the center of the main

gg?é’a{)?;gn%'gﬁagfﬁ?@héﬁ%aﬁedﬁ@ﬁ tREBRP £ toPfordxampie 6f vibUtrdty@e termed a
casing. Incidentally, a symbol S5 denotes a through hole penetrating the
supporting body 1A in a thickness direction and allows the wiring patterns S1(1)
and S1(2) to pass through the wiring board 4.

The mount member 1A3 is a member in the shape of a block, having
conductivity and made of, for example, copper whose area in a plan view is larger
than that of the LED 11, which is joined to the witting pattern S1(1) using a first
joint material, for example, cream solder in the center of the main body part 1A2.

The LED 11 is, for example, of a surface-mount type termed a so-called power
LED that allows a current of 200 mA or more to flow therein continuously and has
a PN junction structure in which an extremely thin (a few tens pm) semiconductor
layer of a one type (for example, an N layer) is provided on a semiconductor layer of
other type (for example, Player). Generally, the LED emits light in a boundary
part KB of the P and the N layers and also generates heat in that part KB. Since
this LED 11 has much power consumption and much heat generation compared

with the usual LED, in order to conduct heat radiation efficiently, contrary to the

usual LED, a face close to the boundary part KB, i.e., in the present embodiment, a
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LED that allows a current of 200 mA or nore to flow therein continuously and
has a PN junction structure in which an extrenely thin (a few tens pn)

sem conductor |ayer of a one type (for exanple, an N layer) is provided on
a sem conductor |ayer of other type (for exanple, P layer). Cenerally, the
LED emits light in a boundary part KB of the P and the N |ayers and al so
generates heat in that part KB. Since this LED 11 has much power
consunption and nuch heat generation conpared wth the usual LED, in order

t o conduct he radi ation efficiently, contrary to the _usual LED, a face
dose to Raemsdda ssigasd tors,a jungtion plang uhish asistnedciosshy tedhe vl 12 bot ¢ om
TM is designed to be a junction plane, which is_joined closely to the

api cal Swfdcgeenies of the meuntaembenl Ajusipggoldain glipyithads aseqopdal | oy that is
a second bonding agent with | ess surface tension, different fromthe first
bi nder . bandingagentiwith less syriaces tension shiferent frommcthie fizntdhinder. cover of
transparent solid resin attached in order to protect the LED 11. The

opti cal Invidentalle symbol 27 denciesp besnsphenidsl @ser of travspareagscld regin ot at i ng
body whose cross section is gradually w dened as approachi ng an api cal
surface 2tacHedamordex tb psateetritie I3I2122 and a bri m part 24 provi ded bei ng
integral with an outer circunference of the apical surface 21 of the body

23. The body Th2 dpaisalauntit? has a 2blid hanepavent body 25 iarthe dhtipe ofn votdiase end
recess) for housing the LED 11 opened on its base end face 22. Across

secti on bédyt WheseliRes sectivh i geshmllywidenead & apprbadhisd apeapicad stvdsce 21
substantially the sane size as the outer dianeter of the supporting body | A

(more sphemfit€Bhde/ endl facé B AndeObridAbart 24 brovidel beihfiriteRl with dba i s
protruded toward a base end face 22 side to forma convex |ens shape. On

t he ot hepufdaBifemhferéi® of hCalicAl wuiface2 Pof b bblly 83body 23, a central convex
|l ens part 2la is formed by protruding its central part, and a ring
The body 23 has a recess 25 thereinafter referred to as a base end recess) for
housing the LED 11 opened on its base end face 22. A cross section of this base
end recess 25 is a circular shape and has substantially the same size as the outer
diameter of the supporting body 1A (more specifically, its main body 1A1).
Further, this bottom 25a is protruded toward a base end face 22 side to form a
convex lens shape. On the other hand, in the apical surface 21 of this body 23, a
central convex lens part 21a is formed by protruding its central part, and a ring
conveX lens part 21b of a curvature different from that of the central convex lens
part 21ais formed on its periphery. The brim part 24 is provided in an outside
21b1 of this ring convex lens part 21b being continuous thereto. Moreover, in a
side 23a of the body 23, a curvilinear bulge surface 26 that is a reflection plane
formed so as to render a parabola in a cross-sectional contour from the base end face
22 to the brim part 24 is provided.
Here, the LED actually has some area and performs surface emission. In
the present embodiment, as shown in FIGS. 5 and 7 particularly, among the light

rays coming out from the plane of the LED 11, substantially all the light rays
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convex lens part 2 Ib of a curvature different fromthat of the centra
convex lens part 2lais forned on its periphery. The brimpart 24 is
provided in an outside 2lbl of this ring convex |lens part 2l b being
continuous thereto. Mdreover, in a side 23a of the body 23, a curvilinear
bul ge surface 26 that is a reflection plane forned so as to render a
parabola in a cross-sectional contour fromthe base end face 22 to the brim
part 24 is provided Here, the LED actually has sone area and perforns

surface em ssion. Ln the present enbodi nent, as_sho in FIGS. 5 and 7
particumaqsqugfgméxwéeﬁﬁgwftsherw@émeo B}ﬁe\é\aéﬁtﬂ a¥ he LED 11,
substantjally all the I.ight rays 13 passing through a side 25b of_the recess
25 are cewge Gutace 36 underen totabreflection theserandisuniy o thequigde as mutnally go t ot al
reflection there, and emt to the outside as nmutually converging |ight rays
t owar d aepnyprgieglighbdays Owandampptipal axisoC through the sogsenvex lenypanior eover ,

on the other hand, anong the light rays emtted fromthe LED 11,

subst ant 21| Markeoverjm thegither karsd, prong e lightotays enitted bonothe JIED A1, t he
recess 25 are configured to emt to the outside as nutually converging

| i ght r agubstantidllyralhthedight daystjassing thromighdhée bottmi25awf the feeess@ftaral convex
| ens part 2la by a design. Incidentally, although being a very small anount,

t her e ar eordigared to@iniit tathe outside asmutaallypconverging lightdeys ginathriyatolwardut
proceeds a path different fromwhat is described, for exanple, being

r ef | ect ethényptichicaxdsiC\thidugbathe benigsl cotivdsaleas part Aadsiadesignnr ough the central
convex lens part 2 la, and propagating along a path that is w dening

outwardly. Hin&d&itally,athongh deingeivey shillan it thehe ardwuelilighdrays h a
position adjustnent nmechanismfor adjusting a relative position of the
optical ghtidodot Procié tHefddsikhed bail) batpRRéédsal pathi différedlt from whilt is
described, for example, being reflected by the curvilinear bulge surface 26, passing
through the central convex lens part 21a, and propagating along a path that is
widening outwardly.
However, the present embodiment is further provided with a position
adjustment mechanism for adjusting a relative position of the optical unit 2 to the
LED 11 along an optical axis C direction.
This position adjustment mechanism is for making the optical unit 2 move
with respect to the LED 11 between a proximity position P1 at which the whole of
the supporting body 1A is housed in its base end recess 25 (shown in FIG. 5) and a
cdearance position P2 (shown in FIG. 7) where substantially whole of the supporting
body 1A comes out of the base end recess 25, and the apical surface 1Al of the
supporting body 1A and the base end face 22 of the optical unit 2 become
substantially the same height.
Specifically, this position adjustment mechanism has the position
determination unit 31 for bringing the central axis C of the optical unit 2 into

coincidence with the optical axis C of the LED 11 and an advancing/retreating unit
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This position adjustnment mechanismis for making the optical unit 2 nove
with respect to the LED 11 between a proximty position P 1 at which the
whol e of the supporting body IAis housed in its base end recess 25 (shown
in FIG 5) and a clearance position P2 (shown in FIG 7) where
substantially whole of the supporting body |IA cones out of the base end
recess 25, and the apical surface 1Al of the supporting body |IA and the
base end face 22 of the optical unit 2 beconme substantially the sane

hei ght. Specjifically, this position adjustment. nmechani smhas the position
det erm éﬁ%ﬁ%ﬁ@%@@&mﬁﬁﬁi@%%@*@zﬁﬁﬂm&@ %36‘?5 ™ cal unit 2
into coincidence with the optical .axis C the LED 11 and.an .

advanci ekgepinyg the nesition de ﬁ*&%ﬁ&tﬁ-hﬁ’ﬁm}‘ ferpupaton, Wite or
retreat along the optical axis C direction while keeping the position
dot er i riltip Srmadchydittmg eppesn abeutge cixeummivsencs of the suppertngbedy by by
fitting between an outer circunference of the supporting body 1A (nore
cor r ect |qnore parerslynthsonginhody parp dean innge ireumteyencercf teebase t he base
end recess 25 substantially w thout |ooseness, and does not inhibit novenent
of the enmdirecass 2hsubstantiallpwitbput loasenegs, and does mettinbibit moveroenfrofthe shown in
the figure, an advancing/retreating unit makes the optical unit 2 nove in a
range baipiieslunih in pn optical axis(d directton. PAlthodgh het sovar brthe figusé,tanon P2 by an
operation force fromthe outside, being formed between the casing and the
opti cal advahcifg/irétrestimgwuait ooakies ghe epticabunitBanoteia aopznge betweentthe i s pl aced
at the proximty position Pl, on aplane M that is set away fromthe LED 11
by a pr quesetity pesitiondP$ tiad tlee dedanas pesitién PR bylangiperatiorafdreetfrom tles ea becones
| arger and the illum nance per unit area becones |ower (nore correctly, an
area of cutsidedreing folnedl batwenche caging ahé dengpsiicabuge?) as shown in FIGS. 5
and 6; and when the optical unit 2 is

In such a configuration, when the optical unit 2 is placed at the proximity

position P1, on a plane M1 that is set away from the LED 11 by a predetermined
distance, the area of the light irradiation area becomes larger and the illuminance
per unit area becomes lower (more correctly, an area of constant illuminance or
more becomes larger) as shown in FIGS. 5 and 6; and when the optical unit 2 is
placed at the clearance position P2, on the plane M1 that is set away from the LED
11 by a predetermined distance, the area of the light irradiation area becomes
smaller and the illuminance per unit area becomes higher (more correctly, an area
of constant illuminance or more becomes smaller) as shown in FIGS. 7 and 8.
Therefore, according to the present embodiment, the apparatus becomes very
suitable for spot light illumination for product inspection where the
widening/marrowing of the hight irradiation area is required, and becomes suitable
also for plant cultivation where an irradiation object grows and varies its size.
Moreover, in any case, since the LED 11 is always in the base end recess 25,
and the curvilinear bulge surface 26 is placed on its side, substantially all the light

rays emitted from the LED 11 (substantially all the light rays emitted in a range of
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pl aced at the clearance position P2, on the plane M that is set away from
the LED 11 by a predeterm ned di stance, the area of the light irradiation
area beconmes smaller and the illum nance per unit area becones hi gher (nore
correctly, an area of constant illum nance or nore becones snaller) as
shown in FIGS. 7 and 8. Therefore, according to the present enbodi nent, the
appar at us becones very suitable for spot light illumnation for product

i nspection where the w dening/narrowing of the light irradiation area is

requi red, and becones suitabl also for plant. cultivation where an
i rradi at#%h mﬂ}weﬁ%@?@@aﬂﬁéﬁwﬁgaﬁ uglwgh%%ﬁenweﬁl%nﬁp%&se, si nce
the LED 11 is_always in the base end recess 25, and the cyrvilinear bul ge

surface 2% erthgcentzal conve: lens pat 21a, ard will beemitted forwaed, epdht  rays enitted

fromthe LED 11 (substantially all the_ |light rays emtted in a range of 15
900 wi t heonsepentlyithe efficiengy rambe improve laxgely. plasadditioy ghe eptical v Zonvex
lens part 2 |Ib or the central convex lens part 2 la, and will be emtted

f or war d, maxde fixed end the LE] 1 hmaytbeiallowad yo beumowed.i nproved largely. In
addition, the optical unit 2 my be fixed and the LED 11 nay be allowed to
be noved. Second Enbodi nent Hereafter, a second enbodi mrent wll be described
referring to the drawings. Incidentally, nenbers that correspond to the
menber s Second&rbodimentrbodi nent are denoted by the same synbol s,
respectively. As shown in FIGS. 9 and 10, the light irradiation apparatus

accor di ng t o Héreaftqa & sevohd embodimentiwillde desatlisl vefireing to thedvamahgd.y of | ght
i rradi ation blocks 6 and the sanme nunber of concave | enses 71 as the |ight

2 ik v g et ptsbgnant o 27 )
bl ock 6 aasbtédiby SR aResyralils, fdspectively.

As shown in FIGS. 9 and 10, the light irradiation apparatus according to the
present embodiment has a substrate 5, a plurality of light irradiation blocks 6 and
the same number of concave lenses 71 as the light irradiation blocks 6 that are
supported by the substrate 5, and a position adjustment mechanism 9 for setting a
distance between the light irradiation block 6 and the concave lens 71.

The substrate 5 is a metallic member in roughly a cylinder shape one of
whose end faces is blocked with a thick bottom plate 51, and radiation-fin F is
provided in the bottom plate 51 integrally.

The light irradiation block 6 has the LED package 1 and the optical unit 2
fixed to the LED package 1, and a plurality of light irradiation blocks 6 are attached
to the wiring board 4 on a circle at equal intervals. Since these LED package 1 and
optical unit 2 are the same as those of the first embodiment, their explanations are
omitted. Moreover, an attachment mode of the optical unit 2 to the LED package 1
is the same as a case (shown in FIG. 5) at the proximity position P1in the |

above-mentioned embodiment, and its emission path of the light is also the same,

On the other hand, the wiring board 4 is a member in a circular shape, and is
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The substrate 5 is a netallic nenber in roughly a cylinder shape one of
whose end faces is blocked with a thick bottomplate 51, and radiation-fin F
is provided in the bottomplate 51 integrally. The light irradiation bl ock
6 has the LED package 1 and the optical unit 2 fixed to the LED package 1,
and a plurality of light irradiation blocks 6 are attached to the wiring
board 4 on a circle at equal intervals. Since these LED package 1 and
optical unit 2 are the sane as those of the first enbodi nent, their

expl anations a tted. .Moreoyer, an att nment, npde o the optical unit
> 10t hePB Qenaﬁgkatm@l%fﬁé%ﬁ%e%ﬁ) ot B gy o o ¢ he

proxi mt Siti Pi nment i,oned enbodi em ssi on
path of %ﬁglqnqrarffg Ple. oIriidontalll s heatminghion RembRE, wPWémfeﬁTngjfﬁ board 4
is a nmenbe ircular shap nd is 16 supported on the bottom plate 51
of the W&T@?@a‘ilﬂéﬁ M@Jct i on menbers 5A etc. Incidentally, the
heat conduction nenber 5A I s provided lig under the each |ight

i rradiati on Bhecrngveigns Hdﬁdwesqdmthpilghéma@g@g@ald@r@f thedightght
irradiation side of the | |gg irradiation block 6 with a cl earance, and a
pl ur al i tiyrastiationsblodné aith 2 elagwsaic,tamd aplveality ofthe contaveensssithesamenses as

the optical units 2) are fornmed in a single lens support 7 integrally. This
| ens supmpamber7ofdhp strcaye kinisgs asiblewptisalamitssd) -are foemeddn @ simgetsns 75 on whi ch
a plurality of concave |lenses 71 are formed on a circle at equal intervals
i nt egr al $suppartd? mtegrdbly welHis lensisappai® Ttsubstantialylmchedesiacdisd-likd plate a f | ange
part of the plate nenber 75. The position adjustnment nmechanism9 is for

uni f or m menibiee 75 0g whiplo aiphiralityodf condmyellemses §bppoforméd onaneide attdiymal el ati ve
cl earance between the concave lens 71 and the optical unit 2 along the
optical imtéxwals ifltegeally 2 a sidd vealbsieaibier 6 tyat stahddestically from a flange

part of the plate member 75.

The position adjustment mechanism 9 is for uniformly altering a position of
the lens support 7, namely, the relative clearance between the concave lens 71 and
the optical unit 2 along the optical axis C direction, and substantially includes a
sliding mechanism 91 for supporting the lens support 7 (the concave lens 71)in a
parallel movable manner along the optical axis C direction and a fixing mechanism
92 for fixing the lens support 7 (the concave lens 71) that is moved by the sliding
mechanism 91 at a desired position.

The sliding mechanism 91 is for making the side wall member 76 making up
the lens support 7 fit an inner circumferential surface of a side circumferential wall
52 of the substrate 5 without looseness in a slidable manner, and supporting the
lens support 7 in a forward/backward movable manner along the optical axis C
direction in a state where the lens support 7 is made to be parallel to the wiring
board 4 and their central axes are brought into coincidence. Incidentally, symbols
K1 and K2 denote a keyway and a key for inhibiting rotation of the lens support 7
and making the each concave lens 71 move slidingly while the optical axis thereof
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sliding nmechanism 91 for supporting the |l ens support 7 (the concave lens 71)
in a parallel novable manner along the optical axis C direction and a
fixing mechanism 92 for fixing the I ens support 7 (the concave lens 71)
that is noved by the sliding nechanism 91 at a desired position. The
sliding nmechanism91 is for making the side wall menber 76 nmaking up the

| ens support 7 fit an inner circunferential surface of a side
circunferential wall 52 of the substrate 5 without | ooseness in a slidable

manner, and, . supporiin he l.ens support. 7 4n.a fqrward/ibackward novabl e
manner aﬁ%‘ﬂt}quﬁﬁmeiwgaﬁtf%"@y P&%da}glﬂaﬁa@&ﬁbém&a&%if@% | ens support
7 is made to, be par.al, to the wwring board 4 and their central axes are

el
br ought broughtin ﬂ@%@°lncidentally, synbols Kl and K2 denote a keyway
and a key for_inhibiting rotation of the |ens, support, 7, and making the each
concave |ensﬂf%@%mgch@1ﬁ§|9¥hﬁm%elwcmymc \EpEingh @3ty and t he
optical axis of respectively corresponding light irradiation block 6 are
br ought Prévideddietiveencthedensmypportd ard atrata ®and applieganctlashia feragody
(helical spring) 923 that is provided between the I ens support 7 and the
subst r at to thedens swppbitdstomard thelight emisgen directidneside scybugpealt 7 toward t he
light em ssion direction side; a cylindrical engagenent nenber 921 that has

an i nwar engagementthembied 924 tbat kassarsipswd brith hyd heldgabe leyswitpport Adyf | ange
part of the |ens support 7 and sandwiching it between itself and the

el asti c boghgivP®ithdhd langepatof thedenls Suppdrineahd susdwithipghithetweesnng this
engagenent nenber 921 forwardly/backwardly along the optical axis C

di r ect i oitselfiinsd ey adastichrodp 928 el asabenthseadf2ad nechadiem 922 fornpairtgs provi ded
on the inner circunference of the engagenent nenber 921 and on the

subst r at ¢his edgagetient nidnelicer92i forwurdly tackwaedlp eddrigthe yptikd iaris Gcr ewed
together and can alter its
direction. The screw-thread feed mechanism 922 includes screw parts provided on
the inner circumference of the engagement member 921 and on the substrate side
circumferential wall 52, respectively, being screwed together and can alter its
height by the engagement member 921 being rotated forwardly/backwardly, so that
the lens support 7 can be fixed at a desired position. Incidentally, the elastic bodies
(helical springs) 923 are installed at positions surrounding the outer side of the light
irradiation block group, inside the substrate side circumferential wall 52.

A movable range of the lens support 7 by this position adjustment
mechanism 9 is, as shown in FIGS. 11(a) and FIG. 12(a), between a clearance
position P4 (spot size maximum) that is a position at which a diameter of the light
emitted from the optical unit 2 becomes minimum or a position slightly nearer the
optical unit 2 than it and a proximity position P3 (spot size minimum) that is set
further nearer the optical unit than the clearance position P4. In addition, FIGS.
11(h) and 12(b) show differences of the light irradiation areas in a further distant

place in illustrations.

According to the light irradiation apparatus configured in this way, both
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hei ght by the engagenent nenber 921 being rotated forwardly/backwardly, so
that the lens support 7 can be fixed at a desired position. Incidentally,
the elastic bodies (helical springs) 923 are installed at positions
surrounding the outer side of the light irradiation block group, inside the
substrate side circunferential wall 52. A novable range of the | ens support
7 by this position adjustnent nechanism9 is, as shown in FIGS. 11(a) and
FIG 12(a), between a clearance position P4 (spot size maxinmum that is a

position af which a dianeter of the light emqitied fromthe tical unit 2
becorres TRAGIREGD the gty qoyﬂeaﬁageﬁ@nt&ﬁﬁ#eamaﬁ&@hzﬁthan it
and a proximty, position P3 (spot size mninum that is set urther nearer
the opti %%b%ﬁﬁtﬁﬁﬂiaﬁm%@%@@d bgremes g8;extrgmeby suifab %awarawﬁirmrl GS. 11(b)
and 12(b) show differences of the light irradiation areas in_a further

di st ant DPysdnetinspedtion wlepbeulbvationeteor Yoxgovies, sipee 3 plymalityof BEht i on
apparatus confi gured in this way, both 18 wi dening/narrow ng of the |ight

i rradi at pagkagesh asharrangedonemplane; thedight ean be iradiatadyin a widerrapge gndi sf i ed,

and therefore it becones an extrenely suitabl e apparatus for r oduct

i nspect i daeffedt haconed remarkakln especinllywheonsing itdonplantoghivaten, LED
packages 1 are arranged on a plane, the light can be irradiated on a w de
range anhlighting etf f Besidbs thepasitiemadjkstmhentengrhanin § cah emifmenlygpltar f or pl ant
cultivation, plant |ighting, etc. Besides, the position adjustnment

mechani sthexlemancebhdtoeah yhesddchconddve lescdr ant thelvachwopticdl maite2y@hdconcave | ens
71 and the each optical unit 2, and therefore conveni ence of an adjusting
oper at i otheréfoid@nveniaflcadli amradiisting dperagvroofee headiptioe dros isimpejvedt nent on a
one- by-one basis. Third Enbodi nent Hereafter, a third enbodinent will be
descr i beeompired witly adjastriéntbhaybiitdsy-one basis.

Third Embodiment

Hereafier, a third embodiment will be described referring to the drawings.
Incidentally, members that correspond to the members in the first and second
embodiments are denoted by the same symbols.

A light irradiation apparatus according to the present embodiment has the
substrate 5, a plurality of light irradiation blocks 6 and the same number of
concave lenses 71 as the light irradiation blocks 6 that are supported by the
substrate 5, and the position adjustment mechanism 9 for setting a distance
between the light irradiatiox\l block 6 and the concave lens 71, as shown in FIGS. 13
and 14.

The substrate 5 is, for example, a metallic member in the shape of a disc
having thermal conductivity and heat dissipation.

The light irradiation block 6 has the LED package 1 and the optical unit 2
fixed to the LED package 1. The plurality of light irradiation blocks 6 are fixed to

the wiring board 4 on a circle thereof at equal intervals. Since these LED package
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I ncidental ly, nmenbers that correspond to the nenbers in the first and second
enbodi nents are denoted by the sane synbols. A light irradiation apparatus
according to the present enbodi ment has the substrate 5, a plurality of
light irradiation blocks 6 and the sanme nunber of concave |enses 71 as the
light irradiation blocks 6 that are supported by the substrate 5, and the
position adjustnment nmechanism9 for setting a distance between the |ight

i rradiation block 6 and the concave lens 71, as shown in FIGS. 13 and 14.

The substrate 5 is, for exanple, metalli¢ nmenber. in the shape of a disc
havi ng thar %WW@?S@H&%Z@S@&?%%?&PWH t irradiation

bl ock 6 has the LED package_1 and the optical unit 2 fixed to the LED
package @planatiops arepmitiedsi Margewer; an adachment medpafdhe opiical ppitdita o ¢ he
wiring board 4 on a circle thereof at equal intervals. Since these LED
package thed.BD padkaget] isahe same ag the case howayin FE. Shatthearoxmdty i r st

enbodi nent, their explanations are omtted. Myreover, an attachnent node of
t he optipedtiomPl irptheprevioas eBbogiasndpndithe emikgos path efthe hghtiaalso( shown i n
FIG 5) at the proximty position P 1 in the previous enbodi nent, and the
emi ssi onthestameof Onlthe lothyrthaind, theswiringttwasd4sakeda foha intheshdmrofa t he wiring
board 4 takes a formin the shape of a disc, which is held on the bottom
pl at e 51disé, which slzrld omtlee Bottdm plagh 51 bftHesabstraterfiithhbughntheelddztr 5A etc. The
concave lens 71 is disposed on a light irradiation side of the |ight

i rradi at¢omdubli@cinembes 6Atdtelg sone di stance. A plurality of concave |l enses 71
(the sanme nunber of the concave lenses 71 as the optical units 2) are held

by the |ens Thepmiddve Teris'7 1tiB dispbeddeorod lightdiraebi#tion sde of thedight hat i s
supported by a plurality (for
irradiation block 6, setting some distance. A plurality of concave lenses 71 (the
same number of the concave lenses 71 as the optical units 2) are held by the lens
support 7 in the shape of, for example, a disc that is supported by a plurality (for
example, four) of struts 911 that are arranged in a standing condition parallel to the
optical axis C direction from the substrate 5.

The lens support 7 has a plurality of lens fitting holes 72 (here, six are
provided radially at equal distances) penetrated in a plurality of locations, and the
each concave lens 71 is inserted and supported in this lens fitting hole 72. In this
example, a step is provided in the side of the lens fitting hole 72, and the concave
lens 71 is fixed by one surface on the flange part being abutted against the step and
by other surface on the flange part being pressed by a ring pressing member 73 that
is attached to the lens support 7. The position of each lens fitting hole 72 is set so
that the central axis thereof may be in agreement with the optical axis C of the each
optical unit 2, respectively.

The position adjustment mechanism 9 is for uniformly altering a position of
the lens support 7, namely a relative clearance between the concave lens 71 and the

optical unit 2 along the optical axis C direction, and substantially includes the
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exanple, four) of struts 911 that are arranged in a standing condition
parallel to the optical axis Cdirection fromthe substrate 5. The |ens
support 7 has a plurality of lens fitting holes 72 (here, six are provided
radi ally at equal distances) penetrated in a plurality of |ocations, and the
each concave lens 71 is inserted and supported in this lens fitting hole 72.
In this exanple, a step is provided in the side of the lens fitting hole
72, and the concave lens 71 is fixed by one surface on the flange part

bei ng abytied against the step and y other surface on the ange part

bei ng pré@%“@gh@lﬁwt&m%ﬁn PS?@H%%(&’P@%‘E%‘@ ‘F@dﬂjlbl’}l he |ens
support 7. The position of each lens fitting hole 72 |s set so that the
central pagaliekmayahle manpepalong theprigakaxisfy B%%Mi s C of the each
optical unit 2, respectively. The position adjust mans mechanism9 is for

uni f or m yeghanism @2 fgr thaleng suppars 7 (theconeasiedens 71) thatismovedby| at i ve

cl earance between the concave |lens 71 and the optical unit 2 along the
optical theisidibgmeehrmisn 91ata degived pesitien.| y i ncl udes the 20 sliding

mechani sm 91 for supporting the |lens support 7 (the concave lens 71) in a
paral | el novThealidmgreechanumy 91 issushithatthesark steutifil bistineertediaite ae fi xi ng
mechani sm 92 for fixing the lens support 7 (the concave lens 71) that is
nmoved bystratinsettionihole 9E2-thanisprodidedin thediterigequirpafihe les suppertS andl ng
mechanism 91 is such that the each strut 911 is inserted into a strut

i nsert i operuttatedit 2n thickhesspliveviiciedidably, hadfsuppoes theelenosuggeet Tana support 7
and penetrates it in a thickness direction slidably, and supports the |ens

G Tocti on In @ State where Lhe | ont Sugpor L7 15 hade 1o b6 parail el 10 the
Wi ring bahesk thedatk support 7 isaiddedtc bayasaltl €o tHeonitg hoard 4emidiheigence.
central axes are brought into coincidence.
The fixing mechanism 92 has a ring engagement member 921 that engages
with a flange part of the lens support 7 and the screw-thread feed mechanism 922
for making this engagement member 921 move forwardly/backwardly along the
optical axis C direction, and can alter its height by rotating the engagement
member 921 and fix the lens support 7 at a desired position. In the present
embodiment, an elastic member 923 that applies a force toward the light
irradiation direction to the lens support 7 is further provided, and is configured to
sandwich the lens support 7 between the engagement member 921 and this elastic
member 923 without looseness. The elastic member 923 is a helical spring that is
fit onto the each strut 911, respectively.
Since the movable range of the lens support 7 by this position adjustment
mechanism 9 is the same as that of the second embodiment and its light ray

diagram is the same as FIGS. 11 and 12, detailed explanation about this is omitted.

Fourth Embodiment
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The fixing nmechanism 92 has a ring engagenent nenber 921 that engages wth
a flange part of the lens support 7 and the screwthread feed nechani sm 922
for maki ng this engagenent nmenber 921 nove forwardl y/backwardly al ong the
optical axis Cdirection, and can alter its height by rotating the
engagenent nenber 921 and fix the lens support 7 at a desired position. In
the present enbodinent, an elastic nenber 923 that applies a force toward
the light irradiation direction to the |ens support 7 is further provided,
and is configured,to .sa dWI h the | bet we the engagenent
menber 921 abtereaiber, %f “g@E aﬁ%&é E&@‘ ‘i}l astic
menber 923 hel i pr| ng that ontp the_each strut. 911,

respect i IPSF%#’D %1 m&?“i‘ Wsﬂ%ﬁ]&@t@?mﬁ@’%ﬁ’s pecordpand 1 s positi on
adj ust ment. _ nechani sm 9 is the sape as that of the second enbodinent and its
| i ght ra‘;hﬂdﬁfag‘i"hmep§ aneslengted hydhesaye symbalsy 12, det ai | ed expl anati on
about this is omtted.  Fourth Enbodi nent 21 Hereafter a fourth enbodi nent
will be descAlﬁnur@dwaon@pwttmeoc@rmﬁ@ﬂnepmmnt@mhoahmgnth@ﬁb@rs t hat
correspond to the nenbers in the first, second, and third enbodi nents are
denot ed Ssbstiate Bmplusalityof Eghtrirtadiation blecksiGand thesape nuberafdbe di ng to t he
present enbodi mrent has the substrate 5, a plurality of light irradiation

bl ocks GCMWehns@eﬁtmswﬂﬂughtMadmnonbbdm&dtmeeepmwhe | i ght
irradiation blocks 6 that are supported by the substrate 5, and the

posi t i onswlsirate Hpantd the poationradfushoensmechaxgsa %ﬁossetﬁngadisnmn the |ight

i rradiation block 6 and the concave lens 71, as shown in FIGS. 15 to 18.
The subshétateen The Kglet inmididtiandblocknand the doheavedlape7 hfasshowhliy FEGS| 82ve one of

to 18.

The substrate 5 is a metallic member in the shape of roughly a sleeve one of
whose end faces is blocked with a thick bottom plate 51. Although in the present
embodiment, the bottom plate isnot equipped with a radiator fin, a fin may be
provided as necessary, like the second embodiment.

The light irradiation block 6 has the LED package 1 and the optical unit 2
that is fixed to the LED package 1, as the same with the second embodiment. A
plurality of light irradiation blocks 6 are fixed to the wiring board 4 on a circle at
equal intervals. Since structures, arrangement relation, etc. of this LED package 1,
optical unit 2, and wiring board 4 are almost the same as those of the second
embodiment, their explanations are omitted.

A plurality of concave lenses 71 are arranged on the light irradiation side
being separated with a one-to-one correspondence with respective hight irradiation
blocks 6. These concave lenses 71 are held in the lens support 7.

This lens support 7 takes a form of roughly a disc, a plurality of lens fitting
holes 72 are bored at a plurality of locations (here, six holes are provided radially at

equal distances), and the concave lenses 71 are fitted in these lens fitting holes 72
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whose end faces is blocked with a thick bottomplate 51. Although in the
present enbodinment, the bottomplate is not equipped with a radiator fin, a
fin may be provided as necessary, |like the second enbodi nent. The |ight
irradiation block 6 has the LED package 1 and the optical unit 2 that is
fixed to the LED package 1, as the same with the second enbodi nent. A
plurality of light irradiation blocks 6 are fixed to the wiring board 4 on a
circle at equal intervals. Since structures, arrangenent relation, etc. of

N e
being. scHAMAIAR 17 24 SRunvle. BHLedrOStRRaRle 7 wrsdpbeR thadhe ont

i rradi ation | ocks .6. .These copcave lenses 71 are .held in the |ens support
7. This Wﬁgveglﬁaﬁalﬁt@dttaﬁélewﬁmemleﬁg%m@@Hﬂg@dwéma PRy of |ens
fitting _holes 72 are bored at a plurality of |ocations (here, six holes are
provi deddeesdiohpscapa to thepther adebyitbemng aluitteditadhe stepaythus Aieeonzaver e fitt ed
in these lens fitting holes 72 22 and_supported. A step is provided in the
i nner ci lenarfl &ttediintg the derisfigiingholen? takas a form of adispwhesadiametehi s exanpl e,
and the lens fitting hole 72 is so configured that the concave lens 71
fitted teuhshantiallysheisameras that of theldnssnppert fnand its Aadgeisippessedbpat i on  does
not escape to the other side by it being abutted to the step. Thus, the
concave pressing Tderfiber ini which atbrdughcholé 734 whoseolismpfertisglightly snpallarof a di sc
whose di aneter substantially the sane as that of the | ens support 7, and

i ts fl antjen theporcwyedens)7 lawith ansstermediznp of watkrproofihg aeamstOR hsgth hol e 73a
whose dianeter is slightly smaller than the concave lens 71 with an

i nt er medasay Oofingatleerpbyitfis figedreans OR1, such as an Oring, whereby it is
fixed.

The position adjustment mechanism 9 is for uniformly altering a position of
the lens support 7, namely the relative clearance between the concave lens 71 and
the optical unit 2 along the optical axis C direction, and substantially includes the
sliding mechanism 91 that supports the lens support 7 (the concave lens 71) in such
away that it can move in parallel along the optical axis C direction and the fixing
mechanism 92 for fixing the lens support 7 that moves by the sliding mechanism
(the concave lens 71) at a desired position.

A cylindrical member 911 protruded from the center of the substrate 5 is
fitted with a sleeve body 912 that is protruded from the center of the lens support
7 to the substrate side integrally, from its outside, whereby the sliding mechanism
91 supports the lens support 7 in a forward/backward movable manner toward the
optical axis C direction in a state where the lens support 7 is made to be parallel to
the wiring board 4 and their central axes are brought into coincidence.
Incidentally, symbols K1 and K2 denote a keyway and a key, respectively, for
inhibiting rotation of the lens support 7 and making the each concave lens 71 move
slidingly while the optical axis thereof and that of respectively corresponding light
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The position adjustnment nechanism9 is for uniformy altering a position of
the I ens support 7, nanely the relative cl earance between the concave | ens
71 and the optical unit 2 along the optical axis C direction, and
substantially includes the sliding nechanism 91 that supports the |ens
support 7 (the concave lens 71) in such away that it can nove in parallel
along the optical axis C direction and the fixing nmechanism 92 for fixing
the |l ens support 7 that noves by the sliding nechanism (the concave | ens

71) at a desjred posifion. A cylindrical nmenber 911 protruded fromthe
center ofk @Pﬁ@faéer&wgﬁ?mm%n a sl eeve body 912 that is
protruded fromthe. center of the | ens support 7,.tQ the substrate side
integrally, f%ﬁ%ﬁ%lﬂ , %MW@FM@I%M2%%%%pOHS t he
| ens support_ 7 _in a forward/ backward ppvabl e manner toward the  optical axis
C di r ect i previded hetwesndbapenssuppert) Teangd thespbstrate § andraprhies aniplasticdarceel to
the wiring board 4 and their central axes are brought into coincidence.

| nci dent atolthe lensraypbert Kl inalightemismen directiony asylindical ergagementpect i vel y, for
inhibiting rotation of the |lens support 7 and naking the each concave | ens
71 nove weinden§2lhavingshe inovandibirion 923 thatengagesfwidi the fiangeqfart efthect i vel y
corresponding light 23 irradiation block 6 are brought into coincidence. The
fixi ng nelehssappord? ahd sandwichesit betwesnntself apddhe elaistic premmagr 9233 that i s
provi ded between the | ens support 7 and the substrate 5 and applies an

el asti c ftheeeby Haddinlyehé lons sapptd 7; thé screvathregh feedmehianisnd922fri on, a
cylindrical engagenent nenber 921 having the inwardbrim92la that engages
with the fbeingehipanieagéméftemeinbors921fopwaidly/bacovadhoalosd e stichbaxigen it sel f
and the elastic nmenber 923, thereby holding the | ens support 7, the

screw-t hr €alirebad MeRaiivethi¥dd fdedmediarisig92 s Redagasm b witdbaireWw?21

forwardl y/ backwardly al ong the optical axis
parts provided on an inner circumference of the engagement member 921 and the
substrate side arcumferential wall 52, respectively, are screwed together, and can
alter its height by the engagement member 921 being rotated normally/reciprocally
and fix the lens support 7 at a desired position. The elastic member (helical spring)
923 is disposed in the center along the axis of the substrate 5. More specifically, it
is disposed in the surrounding of the cylinder 911, being an inner side than the each
light irradiation block 6. In addition, a waterproof member OR2, such as an O ring,
is provided between the inner circumference of the engagement member 921 and
an outer circumference of the substrate side arcumferential wall 52, whereby an
inner space for housing the light irradiation block 6 is so configured that water etc.
may not invade from the outside in cooperation with the waterproof member OR1.
In the present embodiment, a waterproof type is used also for a feed through of
electric cable CA.

Since a movable range of the lens support 7 by this position adjustment

mechanism 9 is the same as that of the second embodiment and its light ray

diagram is the same as FIGS. 11 and 12, detailed explanations about them are
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C direction. The screwthread feed nmechanism 922 is a nmechani smin which
screw parts provided on an inner circunference of the engagenent nenber 921
and the substrate side circunferential wall 52, respectively, are screwed
together, and can alter its height by the engagenent nenber 921 being
rotated normally/reciprocally and fix the |lens support 7 at a desired
position. The elastic nenber (helical spring) 923 is disposed in the center
al ong the axis of the substrate 5. Mdire specifically, it is disposed in the
surroundi ng., of. the cylinder 911, being an inner side than the each |Iight

I rradi ati tii?fiock 6. In addition, a waterproof nenber OR2, such as an O

ring, is proyjded between the inner. circunference of the engagenent nenber
921 and an ou E@!#@%ﬁ@ﬁ%@%ﬁqwn&%ﬁ%&fi% |?E‘?ﬁﬂt’gpg&tial wal |
52, whereby ﬁE i nner space for housing the light irradiation block 6 is so

configureﬂ!n]P eRbter etc. may not invade fromthe outside in cooperation
with the waterproof nmenmber ORL. In the present epbodi nept, a water proof
type is used Brsothemmtisak wait2maoalgnbeformedsoasite haye as shownin §4Galdovabl e
range of the |ens support 7 by this position adjustnment mechanism9 is the
sane as t#mepisal resessdde openestibdbe peniralpaat ofithe ppigal surfaee 2diofithebadys t he same
as FIGS. 11 and 12, detail ed explanations about themare 24 omtted. Note
that the 2% epdmringeancavelens part@ldrvduse idepredsion betnmesdavger geaduallyeas

enbodi nments. First, the optical unit 2 may also be forned so as to have, as
shown i n #pGitiGogoesarearsyithe center fsmed i thwperiphery of the apical redespkt of t he

api cal surface 21 of the body 23, and a ring concave |ens part 21d whose

depr essi cAmong thelightamys emittedifrain thed&D a1 pubistandiallyadthe dightrayshe cent er

formed in the periphery of the apical recess 2lc.
passing through the apical recess 21¢ are configured to emit to the outside as

outwardly diverging light rays without allowing them to pass through the concave
lens part 21d, while substantially all the light rays not passing through the apical
recess 21c¢ are configured to undergo total reflection on the curvilinear bulge surface
26, pass through the concave lens part 21d, and emit to the outside as outwardly
diverging light rays.

Although this configuration specifies that the base end recess 25 has, for
example, roughly a hemispherical shape, the shape may be as of the embodiment.
Moreover, substantially the whole of the bottom 21c1 of the apical recess 21cis
protruded toward the apical surface 21 side, so that it is made to function as a
convex lens part, and a side 21¢2 of this apical recess 21c1s specified to be a taper
plane that gradually widens as a point approaches the apical surface side.

Moreover, for example, as shown in FIG. 20, even when the optical unit 2 is
made into a simple bowl type shape having the flat apical surface 21, the
curvilinear bulge surface 26, and the base end face 22, and the base end recess 25 is
made to form an opening on the base end face 22, the same effect as that of the

embodiments can be attained.
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Among the light rays emtted fromthe LED 11, substantially all the |ight

rays passing through the apical recess 21c are configured to emt to the
outside as outwardly diverging light rays without allowi ng themto pass

t hrough the concave |ens part 21d, while substantially all the light rays
not passing through the apical recess 21c are configured to undergo total
reflection on the curvilinear bulge surface 26, pass through the concave
| ens part 21d, and emt to the outside as outwardly diverging |light rays.

Al t hough this_confi ati.on cifl] t hat the base.,end recess 25 has, for
exampl o 1 oughrnsr AiHough BeF iistaled e FunCepber Aty A Biliparnend

enbodi nent. . Morepver, substantiglly the whole of the bottom 21cl of the

api cal re@@é’?s%%?wsrfpﬁi’%ﬁgé]%%rd the apical surface 21 side, so that
it is made to_function_as convex |l ens part,, and a,side 21c2 of this

api cal recessl\’L’I@"% 32%%4‘2‘1]885 §B’“‘3@I%nla¥g’§@d%ﬁea%@ﬁ?§?nﬁﬁ’éﬁ%PW w dens as
a poi nt approaches  the_apical syrface _side. Mreover, for exanple, as shown
in FIG 2 ,a,@@ﬁwﬂwwib@g@mmforzxa@pfmmhm@vmr@haggim?ﬁﬂ%m type
shape having the flat apical surface 21, the_ curvilinear bulge surface 26,
and the bilseetsren neaghnlge amane26ewhereby dhe light isgefleptedsinmeardly: m an
openi ng on the base end face 22, the sane effect as that of the enbodinents
can be att ai nd#xt, 1be emcavelens il thatwas apnliediin the segord and bairdount nenber t hat
is a bulge part and the base end recess may fit each_other., Moreover, a

Fr esnel - | enbodiments my besayonfiguacd thasdas howrhis HGR @@ end 28ta 2 |a, and a
mrror plane may be fornmed, for exanple, by evaporating a netal thin film
etc. on ttheough kile 7hatpiovided i thed eeater28nd swlestaityallyall thedight rays ef | ect ed

i nwardly. Next, the concave lens 71 that was applied in the second and
third coming out from the optical unit are configured to pass through the through hole

7la.

At the clearance position P4, even if the through hole 71a is not formed, the
light emitted from the optical unit 2 becomes roughly a minimum in diameter, and
is focused in a range where the curvature near the center of the concave lens 71is
small and the refraction power becomes a minimum. The light rays make crossing
from there while the light passes through the concave lens 71 being affected little by
the refraction, and become most widened light. Therefore, the formation of the
through hole 71a near the center of the concave lens 71 does not cause any
particular nonconformity. Conversely, if the through hole 71a is formed, a
particular effect that attenuation of the light at the clearance position P4 where, as
described above, the light widens mostly and the illuminance becomes small can be
controlled. Naturally, although an effect of inhibiting an attenuation of light is not
obtainable, a uniform-thickness part may be provided instead of this through hole
71a. FIGS. 21() and 22(b) show differences of the light irradiation areasin
further distant positions.

Moreover, the diameter of the through hole may be so configured that
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enbodi nents ny be so configured that, as shown in FIGS. 21(a) and 22(a), a
through hole 71la is provided in the center, and substantially all the Iight
rays comng out fromthe optical unit are configured to pass through the
through hole 7l1a. At the clearance position P4, even if the through hole
7la is not fornmed, the light emtted fromthe optical unit 2 becones
roughly a mninmumin dianeter, and is focused in a range where the
curvature near the center of the concave Iens 71 is small and the

refraction ni num rrake Crossin fromthere
whi | e thesulbgtjﬂ\{\?% ﬁﬁ*o‘i?gﬁc?lﬁaﬁgc‘%}ﬂ?%’é %Y%%E‘E’éf‘%é’ little by
the refracti ht Terefore formati on of

t he thr&?@ﬁwg‘h‘%{%@‘g&m@%@% eg dan thegconc W BE@hot cause
any particul ar onformt Conver ely, if the t 7la is

for med, aMOYfar ﬂﬂ’@&é ¥‘? Pﬁﬁﬂ%ﬁ%ﬁm@? g" g’rﬁﬂ@b & ear ance

position P4 where, as _described above, the light w dens nostly_and the

i |1 um narfffiecBeeBheassvhere a gpnigel ydbﬁmak@nvmlegﬁamwfth ppleiab N ef f ect
of inhibiting an attenuatl on of light is not obtainable, a

uni f or m tiAs ¢ beeause pfg ralationsbin ofdhe ilhvnmance distnbutiorhdesing imthe  71a.
FIGS. 21(b) and 22(b) show differences of the light irradiation areas in
further digtamadiadiontarems. Mreover, the diameter of the through hole may be
so configured that 26 substantially all the light rays com ng out fromthe

central convelkn hdditiopde thisghe prasent inventighmaydetcarnedybutrhyl apporopnatelye whol e
range in which the concave |ens can nove. The light rays dose to the

optical aombiningtthe ooreigmuratidnsodestrtilbed dHovb awbuding tied émbodinenits) andcase where a
control by the central convex lens part of the optical unit is sufficient
because ofaripusahadificitmns may bd pussibld withowrdep artigg fributhie epiritesidrsespe n t he
of the invention.
According to the present invention, the light irradiation apparatus that can
adjust widening/narrowing of the light irradiation area and can guide almost all the
light rays emitted from the LED to the light irradiation area without a loss can be

provided.
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light irradiation area. In addition to this, the present invention may be
carried out by appropriately conbining the configurations described above
i ncludi ng the enbodi nents, and various nodifications may be possible

wi t hout departing fromthe spirit and scope of the invention. According to
the present invention, the light irradiation apparatus that can adj ust

wi deni ng/ narrowi ng of the light irradiation area and can gui de al nost all
the light rays emitted fromthe LED to the light irradiation area without a
| oss can W&ﬁMﬁWT IS CLAIMED IS: 1. Alight irradiation

appar at usj ED, an optical unit with an optical transm ssion
characteristic that nmakes light fromthe LED pass through the inside

t hereof and nakes it emt fromits apical surface, and a supporting body

having the LED jnstalled on its apical surface erein, the optical unit is
in a shape of l-éﬂgh@nasga%@ma rwpmaaa@&ﬁﬁaﬁn whit withan j ght
emtted fromthe LED, and is so configured that a base end recess for

housi ng topdicakmansmisgien sharastenstic thatanakes ishidram the)bED pass through theng a
reflection plane for performng substantially total reflection of the |ight
from theznsﬂ@th@eofcanimakemttemltﬁm@,maamcalgurfamngda@foppﬁmghqdyh a position
adj ust ment mechani sm for_adjusting a relative position between the LED and

t he opti caavingthe IadEDngstaledm its apicaksuafacdj whereiron,
the optical unit is in a shape of a rotating body centered in an optical axis of
the light emitted from the LED, and

is so configured that

a base end recess for housing the LED is opened in a central part of its base
end face, and

a reflection plane for performing substantially total reflection of the light from
the LED is formed on its side,

and is further equipped with a position adjustment mechanism for adjusting
a relative position between the LED and the optical unit along an optical axis
direction,

wherein the position adjustment mechanism makes the optical unit move
relative to the LED between a proximity position at which a part or whale of the
above-mentioned supporting body is housed in a base end recess and a clearance
position at which substantially the whole of the supporting body comes out of the
base end recess and the apical surface of the supporting body and a base end face of

the optical unit become substantially the same height.

2. The light irradiation apparatus according to claim 1, wherein

the position adjustment mechanism makes the supporting body and the base
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wherein the position adjustnment mechani sm nakes the optical unit nove
relative to the LED between a proximty position at which a part or whol e of
the above-nentioned supporting body is housed in a base end recess and a

cl earance position at which substantially the whole of the supporting body
cones out of the base end recess and the apical surface of the supporting
body and a base end face of the optical unit becone substantially the sane
hei ght. 2. The light irradiation apparatus according to claim1l1, wherein the

position adjust t chani s es the.sugparting body. and.the base 28 end
recess fi?n%b**gﬁﬂﬁ@gERﬁFﬁ3ﬂﬁkg§§¥§ﬂ%§§DTﬂaﬁﬂﬁwyﬁﬂ??ﬁﬁxﬁg?ﬁg%ﬂvkuIar to the
optical axi,s and thi,s, fitlingnallgws, the t rs to slide in an optica
i i Battond s gna s BefnR APy SR v BRI ARG I eR G UFRE o of t her o
clainms 1 d.,2, wherein the LED allows a current of 200 mA or nore to fl ow
therein c usly. 4. The light irradiation apparatus according to claim
1, wherein the optical unit has a central refraction part in the central
part, and is configured to make substantially all the |ight rays undergoing
total reflection on the reflection plane _anong.the |ight rays emtted from
the LED enmit w LRebghtaradiation apnasatusacezdmeity hOéqL@aneh@n £ refraction
part, and to nmake substantially all the |light rays other than the above
pass throW@ﬁﬂ@he central refraction part and emt therefrom 5. The |ight

i rradi ati on apparatus according to claim1l, wherein the optical unit is so

confi gured t hahe hESrallowsd a eomenrtof|280 mp ar moretaflew theremscoapnyenslyur f ace
central part,

4. The light irradiation apparatus according to claim 1, wherein

the optical unit has a central refraction part in the central part, and is
configured to make substantially all the light rays undergoing total reflection on the
reflection plane among the light rays emitted from the LED emit without allowing
them to pass through the central refraction part, and to make substantially all the
light rays other than the above pass through the central refraction part and emit
therefrom.

5. The light irradiation apparatus according to claim 1, wherein

the optical unit 1s so configured that

a central convex lens part formed on its apical surface central part,

a ring convex lens part with a different curvature formed on an apical surface
in the periphery of the central convex lens part, and

a curvilinear bulge surface acting as a reflection plane formed on its side,

and the optical unit is so configured that

at least at the proximity position, among the light rays emitted from the LED,

substanfially all the light rays passing through the side of the base end recess
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a ring convex lens part with a different curvature fornmed on an api cal
surface in the periphery of the central convex lens part, and a curvilinear
bul ge surface acting as a reflection plane fornmed on its side, and the
optical unit is so configured that at |least at the proximty position, anong
the light rays emtted fromthe LED, substantially all the light rays
passi ng through the side of the base end recess 29 undergo total reflection
on the curvilinear bulge surface and output themas nutually converging
i ght rays through the rin onvex..| en art, whil ubstantially all the
[ Oht 1 ay SnOrE Hilg) TeEEREt O PG e FUtHe S ATPROERES o) 5 de e
mutual |y converging li.ghf rays thro the central convex lens part. 6. The
light i rr%@ﬁwnaﬁ%?%@tr%EMngr&l‘%n@gﬁ?W%i i€ convex | ens
part is formed on the_bottom of the base end recess. 7. The light
i rradiat i W%ﬁ@mﬂm&maﬂm&s@mm&ampﬁm&m@%s@wﬂh@ni t is so
configured that an apical recess is opened in_the apical surface central
part t her eatsideasmyiypallycorvarginglighp zays throvgly thegentral soaveelenspearty on t he
api cal surface of the apical recess, and a curvilinear bulge surface acting
as a reflection plane on its side, wherein, anong light rays emtted from
the LED, substantially all the light rays passing through the apical recess
are confi gur ed. The bight irtadiatien apparatis ansording teatadins, ovhereiyi ng | i ght rays
wi thout allowi ng themto pass through the concave |lens part, while
subst ant i al | y aadohvéshlens pgtttis fayedront thp hettomgpf the basglendirecespi cal recess are
configured to undergo total reflection on the curvilinear bul ge surface,
pass through the concave |lens part, and enmt to the outside as outwardly
di verging |ight

7. The light irradiation apparatus according to claim 1, wherein

the optical unit is so configured that

an apical recess is opened in the apical surface central part thereof,

aring concave lens part is formed in the periphery on the apical surface of the
apical recess, and

a curvilinear bulge surface acting as a reflection plane on its side,

wherein, among light rays emitted from the LED, substantially all the light
rays passing through the apical recess are configured to emit to the outside as
outwardly diverging light rays without allowing them to pass through the concave
lens part, while substantially all the Light rays not passing through the apical recess
are configured to undergo total reflection on the curvilinear bulge surface, pass
through the concave lens part, and emit to the outside as outwardly diverging light

rays.

8. The light irradiation apparatus according to claim 7, wherein

a central convex part is formed in a bottom of the apical recess.
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rays. 8. The light irradiation apparatus according to claim7, wherein a
central convex part is forned in a bottomof the apical recess. 30 9. A
light irradiation apparatus, conprising: a solid optical unit with optical
transparency that is in a shape of a w dening-toward-end rotating body with
a center of the optical axis of the light emtted fromthe LED, and nakes
the light fromthe LED pass through its inside and emt it fromits apical
surface; and a concave | ens disposed in a further apical end of the optical

uni t; wherein b‘ét['}%hfoti al. unit is so conf.i g_ured that a reflection plane for
performng sd Padigtion, ppparatys, CERPRFOBT the |ight fromthe LED is

formed on its side, and further cogprising a Rositjon adjustnment mechani sm
for setting a3&P Pﬁtﬂf@gwiéﬂ;h@ﬂu@i% @ﬁﬁ’iésms}f?@fgﬁtical uni t al ong
the optical_axis directiion to he_ variable. 10. The lLight irradiation

appar at usWilens} sndretaging El“amg%nf@&értbﬁﬁptl@ﬂ@%%h&}nit is so
configured that a base_end recess for housing the LED is opened in a central
part of iemittesfsomdhelEL; andanakesitha lightirom:the &) pass threughgtsapgiden t he
central part on its apical surface and a ring convex |lens part of a

cur vat ur earyl emitribfronfitapieal surfageitand central convex lens part is formed in
the periphery thereof, and a curvilinear bulge surface acting as a

refl ection pl asendaye lensrdigpasediin a utbherapi¢ad ehg of Greaipticelfugbiwheareinf t he | i ght
fromthe LEDis forned on its side, wherein, anong the light rays emtted
from the LED, the optical unit is so configured that a reflection plane for performing

substantially total reflection of the light from the LED is formed on its side, and

further comprising a position adjustment mechanism for setting a clearance
between the concave lens and the optical unit along the optical axis direction to be
variable.

10. The light irradiation apparatus according to either of dlaim 9, wherein

the optical unit is so configured that

a base end recess for housing the LED is opened in a central part of its base
end face,

a central convex lens part is formed in the central part on its apical surface
and a ring convex lens part of a curvature different from that of the central convex
lens part is formed in the periphery thereof, and

a curvilinear bulge surface acting as a reflection plane for performing
substantially total reflection of the light from the LLED is formed on its side,

wherein, among the light rays emitted from the LED,

substantially all the light rays passing through the side of the base end recess
are configured to undergo total reflection on the curvilinear bulge surface and emit

to the outside as mutually converging light rays through the ring convex lens part,
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substantially all the light rays passing through the side of the base end
recess are configured to undergo total reflection on the curvilinear bul ge
surface and emt to the outside as nutually converging |ight rays through
the ring convex lens part, 31 while substantially all the |light rays
passing through the bottom of the recess are configured to emt to the
outside as nutually converging |ight rays through the central convex |ens
part. 11. The light irradiati on apparatus according to claim9, conprising a

plurality of L a ol | hty, of opti.cal, uni cprrespanding to these
Pene. r eopits FihsrancaI Al B ah Foeaspine oo The AR RE M BlessiRg to t hese
optical units, erei.n the sition adjustnment. mechani sm.uni formy alters

ol ear ance? ritio 1B oRERe s ouBLll o rengiet L apS S e e " The 11 ght
irradiation a aratils according to claim9, wherein the position adjustnent
mechani srf® g’ntvﬁé &S e lens nove relative to the optical unit between
a clearance position that is a position at which the dianmeter of |ight
emtted fromthe optical unit becones a mnimumor its neighbor and a
proximty position that is set to a positign nearer the optical unit than
the cl ear ancél.pthaigh$srradintionispparains according te daim Qppar at us according to
claim 12, wherein a through hole is provided in the center of the concave

| ens, and subewaprising aypluvglity efalDs,ghplurality of epticalyunits carespontlingdpt i cal uni t

are configured to pass through said through hole at the c|earance position.

14. The | LEDs ax¢ispedtivelyapnpd a plureliticefconi¢avg lenses tarespoddingttetbése a t hr ough
hole is provided in the center of the concave | ens and substantially
optical units,

wherein the position adjustment mechanism uniformly alters clearances

between the concave lenses and the optical units.

12. The light irradiation apparatus according to claim 9, wherein

the position adjustment mechanism makes the concave lens move relative to
the optical unit between a clearance position that is a position at which the
diameter of light emitted from the optical unit becomes a minimum or its neighbor
and a proximity position that is set to a position nearer the optical unit than the

clearance position,

13. The light irradiation apparatus according to claim 12, wherein
a through hole is provided in the center of the concave lens, and substantially
all the light rays coming out from the optical unit are configured to pass through

said through hole at the clearance position.

14. The light irradiation apparatus according to claim 10, wherein

a through hole is provided in the center of the concave lens and substantially

32



32 all the light rays comng out fromthe central convex lens part are
configured to pass through said through hole. 15. The light irradiation
apparatus according to claim 12, wherein a uniformthickness part is
provided in the center of the concave lens, and substantially all the |ight
rays emtted fromthe optical unit are configured to pass through said

uni formthiclness part at the clearance position. 16. The light irradiation
apparatus according to claim 10, wherein a uniformthiclness part is

provi ded i, the,center of the.concave |ans, a substantial | |1 the |ight
Paye. em 1 LelEsh Pt Putoe SPFEORIRE PonealRulens DR Bl | gurea o
pass through.,said, uniformthi gl mness part. 17. The light irradiation

appar at u@%@é@?"&g}’@ %ﬁh‘ﬁe'or 9, «conprising a plurality of LEDs each
having different em ssion color. 33

15. The light irradiation apparatus according to claim 12, wherein

a uniform-thickness part is provided in the center of the concave lens, and
substantially all the light rays emitted from the optical unit are configured to pass
through said uniform-thickness part at the clearance position.

16. The light irradiation apparatus according to claim 10, wherein

a uniform-thickness part is provided in the center of the concave lens, and
substantially all the light rays emitted from at least the central convex lens part are
configured to pass through said uniform-thickness paxrt.

17. The light irradiation apparatus according to claim 1 or 9,

comprising a plurality of LEDs each having different emission color.

33



