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The present invention relates to a light irradiati on.sgso
apparatus using an LED as a light source that—s

preferably used for spot illum nation for product
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of heat.. and is_alsao excellent in controllability, the
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source fqr plant cultivation. On the other hand, in
DeW@Pnt"gatﬁﬁ gronnd At enitted fromthe LED to the
forward m% . units_as described in the follown
pafiesantlys antensiy hdihcalledthe pewer BB thedplue hHL tc.
unit of the patent document 1 (called an optical
ha‘@gl?ﬁnélﬁyelpae , gnd alpmeavithy thesg develppments the &%D ake having o
a_light guide, such as a transparent rod, wth
g1_'eatly 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
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as | ess waste as possible, being used mainly for

dental nedical treatnent. This 1 optical coupler is
equi pped with a bowl shape body that is transparent
and solid, and a recess part is provided on a base
end face of the body. Then the light emtted fromthe
LED di sposed in the recess undergoes total reflection
on a curvilinear side of the body, or directly, and
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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/narrowing a light irradiation
area, and can guide almost whole of light emitted from an LED to a light irradiation

area without aloss, as its main desired problem.



area wthout a loss, as its main desired problem 2
That is, the light irradiation apparatus according to
the present invention has an LED and an

i ntegrated-type optical unit having optica
transparency that allows the light fromthe LED to
pass through its inside and emt fromits apica
surface, the optical unit has a rotating body shape
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base end recess.

If the light irradiation apparatus is such, the light irradiation area can be
widened/narrowed by the position adjustment mechanism. Therefore, it is very
suitable for product inspection where the wideningmarrowing 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.



mechanism the light fromthe LED that emts it in a
range of 90 at maxi mum can be surely reflected and
can be effectively utilized. 3 In order to realize the
position adjustnment nechanismw th a sinple
configuration, it is desirable that the position

adj ustment nechanismis so configured that the
supporting body and the base end recess are made to
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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
to 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

light rays passing through the side of the base end recess are configured to emit to



reflection plane fornmed on its side, wherein the |ight
irradiation apparatus is so configured that, anong
the light rays emtted fromthe LED, substantially al
the [light rays passing through the side of the base
end recess are configured to emt to 4 the outside by
undergoing total reflection as nutually convergi ng
light rays through the ring convex |lens part, and
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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
bqlge surface are configured to pass through the concave lens part, and is made to
emit 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 alens 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



a lens part or a lens indicates any part having a |l ens
effect including a Fresnel lens etc. as well as the
normal | ens. A desirable node 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 5 conductivity. There can be enunerated
one such that the LED is joined on the bulge part
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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
m 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



opened in the central part of the base end face, a
central convex lens part is fornmed 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 the periphery thereof, and a
curvilinear bulge surface acting as a reflection pl ane
for performng total reflection of the light fromthe
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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

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.



As a suitable node of the position adjustnent
mechani sm there can be enunerated one such that the
position adjustnment nechani sm makes the concave |ens
nove relative to the optical unit between the

cl earance position at which the dianmeter of the |ight
emtted fromthe optical unit becones m ninmumor a
position being its neighbor position and a proximty
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In a case where mtens?ty loss of the ilélt 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



so configured that substantially all the light rays
comng out fromthe central convex lens part nay pass
t hrough the through hole or the uniformthickness
part. In a case where a plurality of LEDs each having
different emi ssion color are nounted in a single
optical unit in an assenbly, or the apparatus has a
plurality of optical units, it may be adopted that
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b Fl G. is a perspective view show ng separately an LED
€B and an optical unit in a first enbodi nent of

the present invention; FIG 2 is a central
| ongi t udi nal sectional view show ng nmainly an internal

structure o i it in the enbodinent; FIG
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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. 5 is 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. 71s a diagram of light rays when the optical unit is placed at a clearance

position in the embodiment;



FIG 4 is a plan view of a substrate in the
enbodinent; FIG 5 is a diagramof |ight rays when the
optical unit is placed at a proximty position in the
enmbodinment; 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

di agram of |ight rays when the optical unit is placed
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FIG. 13 is a central longitudinal sectional view showing a light irradiation
apparatus in a third embodiment of the present invention;

FIG. 14 is a plan view showing the hght irradiation apparatus in the
embodiment; _

FIG. 15 is 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 is a bottom view showing the light irradiation apparatus in the
embodiment;

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

FIG. 20 is a central longitudinal sectional view showing an optical unit in a
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enbodi nent; FIG 17 is a side view show ng the |ight
irradiation apparatus in the enbodinent; FIG 18 is a
bottom vi ew showing the light irradiation apparatus in
the enbodinment; FIG 19 is a central |ongitudinal
sectional view show ng an optical unit in a further
anot her enbodi nent of the present invention; FIG 20
is a central |ongitudinal sectional view show ng an
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that is alight source, an optical unit 2 that _
receives light emtted fromthe LED 11 and emts it
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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 unillustrated casing for housing and holding these LED package 1 and optical
unit 2.

The each part will be described in detail. The LED package 1 has a
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 a lamination structure of a wiring layer S1, an insulating layer S2, and a
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supporting body 1A and the LED 11 supported on an

api cal 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 conposed of a main
body part | A2 in the shape of a plate of a uniform

t hi ckness and a nount nmenber 1A3 that is a bul ge part
provi ded on the main body part 1A2, and is nounted on
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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 semiconductof 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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The LED 11 is, for exanple, of a surface-nount type
ternmed a so-called power 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 m sem conductor |ayer of a one type (for
exanple, an N layer) is provided on a sem conduct or
| ayer of other type (for exanple, Player). Generally,
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t he api cal surface 21 of this body 23, a
convex lerE% sflape. %n a'xe otﬁer hand, in %he api%/al 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 21a1s 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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central convex lens part 2 la is formed by protruding
its central part, and a ring convex lens part 2 |b of
a curvature different fromthat of the central convex
lens part 2la is forned on its periphery. The brim
part 24 is provided in an outside 2 Ib 1 of this ring
convex | ens part 21b being continuous thereto.
Nbreover in a side 23a of the body 23, a curvilinear
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This position adjustment mechanism is for making the optical unit 2 move

-I

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
clearance 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 1A1 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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LED 11 along an optical axis C direction. This
position adjustnent nmechanismis for mating the
optical unit 2 nove wth respect to the LED 11
between a proximty position P 1 at which the whol e of
t he supporting body 1A is 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
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place({ t?l (:Yearance pom%on P2, on the plane M1 that 1s set away from the LED
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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, thé apparatus becomes very
suitable for spot light illumination for product inspection where the
widening/narrowing of the light 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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nore becones larger) as shown in FIGS. 5 and 6; and
when the optical unit 2 is placed at the clearance
position P2, on the plane ML that is set away fromthe
LED 11 by a predeterm ned di stance, the area of the
light irradiation area beconmes snmaller and the

illum nance per unit area becones higher (nore
correctly, an area of constant i1lum nance or nore
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the optical unit 2  may be fixed and the
deg %%eswbmswe;us Yroved. Second Enbodi nent
Hereafter,, a_second enbodi ment w_| | be described
r ef &% $hove IndF IR Iandii G the ghth@@é@fhoamnparawﬁa@cpgdma&@the
correspond to_the nenbers in_the first enbqodi nent are
presenbewgodiment has aribstratest, @ plavalite ef lightiipradiagion hlagks frand
FIGS. 9 and 10, the _light irradiation apparatus
th%%? aprper of aancavelenass 7 ban e hehtirediationdlecks 6 4hat are
| ural |ugy of light irradiation blocks 6 and t he
Susa%e ptrates and a Rosiiton adjustment mechgmism 9 for setting a
irradi ation_blocks 6 _that are supported by the

distameerhehveensthe light srrpdistion block Bjand;the senoawe tensi’dm 9 f or

setting. a
The sgubsu'ate 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

16



di stance between the light irradiation block 6 and the
concave lens 71. The substrate 5 is a netallic nenber
in roughly a cylinder shape one of whose end faces is
bl ocked with a thick bottom plate 51, and
radiation-fin Fis provided in the bottomplate 51
integrally. The light irradiation block 6 has the LED
package 1 and the optical unit 2 fixed to the LED
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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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the optical unit 2 along the optical axis C direction,

and substantially includes a sliding nechanism 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 nechanism 92 for fixing the

| ens support 7 (the concave lens 71) that is noved by

the sliding nechanism91 at a desired position. The
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(el speingy B3 e Snstilled 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(b) and 12(b) show differences of the light irradiation areas in a further distant
place in fllustrations.

According to the light irradiation apparatus configured in this way, both
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circunferential wall 52, respectively, being screwed
together and can alter its height by the engagenent
menber 921 being rotated forwardly/backwardly, so that
the | ens 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
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wi deni ng/ narrow,ng of the light irradiation area and
th%ﬁ%f‘% FREHEniPnCe &za&% ffl(gﬂsimg neEaonypfi the arpdighion areasisimgroved
and therefqQre it becones an extrenely suitable
comypared il adwstmentym 2 enghepae bash, pl ant cul tivati on,
etc. Moreover, since a plurality of LED packages 1
are arranged on a plane, the light can be irradiated
on a %vid,e range and its effect becones remarkable

Thaddambetimenihen using it for plant cul tivation, plant
Besi des, the position adjustnent

lighting, etc, ; [ ) )
negﬁ%rﬁ , @ third egphodgnentywill heddescribps vefexsing te the diandegs.
the each concave lens 71 and_the each optical unit 2,

Indentakly,anernbers thatkparaseendtoghe merabyrgdn the)fiesp end second
of the irradiation area is inproved conpared with

embgdinants are danoledbiethesamesysbolss. Third Enbodi ment
Alight 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 irradiatioﬁ 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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Hereafter, a third enbodinent will be descri bed
referring to the drawings. Incidentally, nenbers that
correspond to the nenbers in the first and second
enbodi nents are denoted by the same synbols. A |light
irradi ati on apparatus according to the present
enbodi nent has the substrate 5, a plurality of light
irradiation blocks 6 and the same nunber of concave
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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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support 7 in the shape of, for exanple, a disc that is
supported by a plurality (for exanple, four) of
struts 911 that are arranged in a standing condition
parallel to the optical axis C direction fromthe
substrate 5. The | ens support 7 has a plurality of
lens fitting holes 72 (here, six are provided
radially at equal distances) penetrated |n a plurality
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dlngﬁgﬁchanlsq;91 at a desired posjition._ The
er’é% 2s asying epgagemens manaberd2l thabengages
gﬁbnserted t&@q strut_insertion hole_ 912 that is
wi ot the lensprorial andthe sseew-thysad fged gnechangsmg 922
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member 921 ens 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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central axes are brought into coincidence. The fixing
mechani sm 92 has a ring engagenent nmenber 921 that
engages with a flange part of the |ens support 7 and
the screwthread feed nechanism 922 for making this
engagenent nenber 921 nove forwardly/ backwardly al ong
the optical axis C direction, and can alter its

hei ght by rotating the engagenent nenber 921 and fix
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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 light 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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The substrate 5 is a netallic nmenber in the shape of
roughly a sl eeve one of whose end faces is bl ocked
with a thick bottomplate 51. Although in the present
enbodi nent, the bottomplate is not equipped with a
radiator fin, a fin my be provided as necessary,

i ke the second enbodi nent. The light irradiation

bl ock 6 has the LED package 1 and the optical unit 2
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(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
9 1l sﬁpports 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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as an O ring, whereby it is fixed. The position

adj ustnment nechanism9 is for uniformy altering a
position of the lens support 7, nanely the relative
cl earance between the concave lens 71 and the optica
unit 2 along the optical axis C direction, and
substantially includes the sliding nmechanism 91 that
supports the |l ens support 7 (the concave lens 71) in

m&&ﬁon%m_émmrb&g}&%@méiegﬁééar al l el along the

?ptl cal axis Cdirection an fixing mechanism 92
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light irradiation block 6. In addition, a waterproof member OR2, such as an O ring,

1s provided between the inner circumference of the engagement member 921 and
an outer circumference of the substrate side circumferential 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 positidn 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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novi ng this engagenent nenber 921 forwardly/ backwardly
along the optical axis C direction. The screwthread
feed nechanism 922 is a nechanismin 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

omiesder 921 being rotated normally/reciprocally and
fix the lens support 7 at a desired position. The

el agdth %iﬁﬁ@%&eéeﬁ?iﬂv‘éﬁhoﬁ&rédﬁgﬁ strigted th Th&lhB @@%ﬁgnﬁdhed

the center along the axis o e substrate
emsg,ggﬂé‘ jtgal ly, it is disposed in the surrounding of
the cylinder 911, being an inner side than the each
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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¢c2 of this apical recess 21c is 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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a position goes nearer the center fornmed in the

peri phery of the apical recess 21c. Anong the |ight
rays emtted fromthe LED 11, substantially all the
l'ight rays passing through the apical recess 21c are
configured to emt to the outside as outwardly
diverging light rays without allow ng themto pass

t hrough the concave |Ilens part 21d, while

S Ulpsiyitr] Athohgh!dot RSt dted tthe M6mP flentlts $haGs by and

the apical recess 21c are configured to undergo total

thd §dsk @allir sthaSr'IR aflgﬂ{e&near bul ge surface 26, pass

through the concave | ens part 21d and enit to the
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71end face 22, and the base end recess 25 is mde to
Form an openi ng on the base end face 22, the sane
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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
7la. FIGS. 21(b) 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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Next, the concave lens 71 that was applied in the
second and third enbodi nents ny be so configured
that, as shown in FIGS. 21(a) and 22(a), a through
hole 71a is provided in the center, and substantially
all the light rays comng out fromthe optical unit
are configured to pass through the through hole 71a.
At the clearance position P4, even if the through hol e
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di st ant,. positions. Mreover,_ the djangter of the
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of the optical unit
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is sufficient because of a relationship of the

illum nance distribution desired in the 1ight

irradiation area. In addition to this, the present

i nvention may be carried out by appropriately

conmbi ni ng the configurations descri bed above incl uding

t he enbodi nents, and various nodifications nay be

possi bl e without departing fromthe spirit and scope
19eC 1. According to the present invention,

the light irradiation apparatus that can adjust

wi deni ng/ narrowi ng of the |ight irradiation area and

can guide alnost all the light rays enmitted fromthe
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en&iuaece,oa%td cal unit along an optical axis

a reflection plane for performing substantially total reflection of the light from
the LED is formed on ité 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 whole 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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direction, wherein the position adjustnment nmechani sm
makes 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 clearance position at which
substantially the whole of the supporting body cones
out of the base end recess and the apical surface of

enfl RecessfiPachi oligerBRitoRN6bsenEASE atlikbctias ﬁeﬂfendichfbr to the
optical unit becorre substantially the sanme height. 2.
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wherei n the position adjustnment nechani sm makes the

dizebigpr ti ng body and the base 28 end recess fit each
ot her wi thout | ooseness in a direction perpendicul ar
to the optical axis and this fitting allows the two
menbers to slide in an optical axis direction. 3. The

[
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}1?9_9 mMA or nore to flow therein continuously. 4. The
i rradi ati on apparatus according to claim1,
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con |gured
substantlally all the light rays undergoing total
reflection on the reflection plane annng the |ight

s
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reffecﬁ %Yaneedantu;]n%t 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 is 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 unitis so configured that
at least at the proximity position, among the light rays emitted from the LED,

substantially all the light rays passing through the side of the base end recess
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a central convex lens part forned on its apica

surface central part, a ring convex lens part wth a
di fferent curvature forned on an apical surface in

t he 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 proximty position,
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t hrough the central convex lens part. 6. The |ight
i rradiation apparatus according to claim5, wherein a

co Lens.pakt .is fornmed on the pott.om of, t he base
ond e EBT P8GR apaymFs PutiSy PAED B arbaTae
according,to claim1, wherein, th ical unit is so
cor SFRle martiatomind et thedoom SLBE basrend Horse

api cal surface central part thereof, a ring concave
lens part is formed in the periphery on the apical

sur, e.of the.. ical recess, and a.curyilinear bul ge
Surt 18 13t ritiabn SPoBis Actr RGO | rdhatpe,
wherein,. anong |ight. ra emtted fromthe LED,
gﬂtlpaj|qn§tlg|spgqqﬁegqr¥<gmat rays passing through the
apical .recess are confiqured to emt to the outside as
out%ﬁ‘I&}F@j TeResR FAneged Iy afpacfiswf@mptr paxfitherephem
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{l‘gf api cal .recess are configured to undergo total
appcatyesess; 8 on the curvilinear bul ge surface, pass

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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t hrough the concave lens part, and emit to the outside
as outwardly diverging light rays. 8. The |ight

irradi ati on apparatus according to claim?7, wherein a
central convex part is formed in a bottom of the
apical recess. 30 9. Alight irradiation apparatus,
conprising: a solid optical unit with optical
transparency that is in a shape of a

Wi de nl i heYaiafiof BEpaRltal, cBdp :Wth a center of the

optical axis of the light emtted fromthe LED, and
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S
va gtantially total reflection of the light fromthe
LED is formed on its side,

10. The Light irradiation apparatus according to either of claim 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 LED 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,

31



wherein, anong the light 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 bul ge surface and
emt to the outside as nmutually converging |light rays
through the ring convex lens part, 31 while
substantially all the light rays passing through the

wHIR! ubBtaakiall} Q1 tRE RSkt 1358 pashilt G S tHb Rt of the rBss are
outside as nutually converging |ight rays through the
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(ER%MH@%@xEmQ?Hﬂﬁlity of optical units corresponding to
these LEDs, respectively, and a plurality of concave
| enses corresponding to these optical units, wherein
the position adjustnent nechanismuniformy alters
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rays comng out fromthe optical unit are configured
to pass through said through hole at the cl earance
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the position adjustment mechanism makes the concave lens move relative to

ped

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
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a through hole is provided in the center of the
concave |l ens and substantially 32 all the |ight rays
comi ng 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
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confrguréed to pass through sal

pa&aﬂﬁo@héﬁ&t}%ﬁ%ﬁg@e posi tion. 16. The |ight

Irradiation apparatus according to claim 10, wherein a
uni formthickness part is provided in the center of
t he concave | ens, and substantially all the |ight
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through said uniform-thickness pért 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
substantia]iy all the light rays emitted from at least the central convex lens part are
configured to pass through said uniform-thickness part.

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

comprising a plurality of LEDs each having different emission color.
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