Description

Title of Invention: LIGHT-EMITTING DIODE TYPE LIGHTING DEVICE

Technical Field

[0001] The present invention relates to a light-emitting diode type lighting device

having characteristics in structures of heat radiation and reflection, and more

particularly, to a straight-tube light-emitting diode type lighting device.

Background Art

[0002] A semiconductor element emits light upon the application of voltage, which is

the principle of light emission of an LED. It is widely known that the element is

installed on a substrate and energized, but a heat sink is necessary for radiating heat

generated when the LED element is energized.

[0003] In comparison with conventional lighting fixtures, the LED can provide the

same level of illuminance and light energy as that of conventional incandescent lamps

and fluorescent lamps while reducing power consumption. Thus, a wider spread of the



LED is promising in the future. Particularly, a straight LED lighting tube that has the

same exterior appearance as that of a fluorescent lamp and can also be attached to

existing fluorescent lamp fixtures without any change is a typical LED light source as

an alternative light source of the fluorescent lamp.

[0004] In general, LED lighting tubes fall into two broad categories: general lighting

purpose and plant cultivation purpose. For each purpose, the LED lighting tube is a

cylindrical tube that includes a light-emitting surface made of translucent or transparent

glass or synthetic resin and a heat sink for radiating heat of an LED substrate. In the

tube body, LED elements are installed on one surface at predetermined intervals and a

circuit substrate that allows current to pass therethrough is provided.

[0005] The LED lighting tube as a whole has the same shape as that of a straight-tube

fluorescent lamp, and includes caps mounted on both sides of the tube body and

terminals formed to protrude for connection to fixtures. Such a structure described

above allows the LED lighting tube to be attached to existing fluorescent lamp fixtures

without saying newly provided fluorescent lamp fixtures. The LED lighting tube

receives power supply from the fluorescent lamp fixtures and allows the LED in the



tube to emit light.

[0006] As the invention related to such a straight LED lighting tube, Patent Document

1, for example, discloses an LED lighting tube that includes a cylindrical tube body

made of polycarbonate, a heat sink made of aluminum mounted on an opening partially

provided around the tube body, and a plurality of LEDs installed in the tube body.

[0007] Patent Document 2 discloses an LED lighting tube having an annular structure

in which a translucent casing and a radiating plate that includes a holding portion

coupled to this casing create an internal hollow. The LED lighting tube includes a

circuit substrate fixed to the holding portion of the radiating plate so as to have thermal

conductivity, one or more LED light sources attached to the circuit substrate, and two

end caps inserted suitably at two end portions of the tubular structure. In Patent

Document 2, the LED lighting tube can be attached to fluorescent lamp fixtures and

used instead of conventional fluorescent lamps, and the LED lighting tube can radiate

light uniformly.
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[0008] Patent Document 1: Japanese Patent Application Laid-Open No. 2011-113876

Patent Document 2: Japanese Patent Application Laid-Open No. 2013-219004

Summary of Invention

Technical Problem

[0009] The present invention has been made in view of the conventional faults, and an

object thereof is to provide a light-emitting diode type lighting device that radiates light

emitted from an LED element as a light source, the light having a wide radiation angle

of 160 degrees to 180 degrees and high illuminance (total luminous flux).

Solution to Problem

[0010] A light-emitting diode type lighting device includes: an LED lighting tube that

includes a total luminous flux transparent plate arranged in a light radiation direction; an

LED element disposed on a substrate in the LED lighting tube so as to face the total

luminous flux transparent plate; and a light reflective member including a converging

reflective surface that is arranged on a side from which the LED element emits light and

has light reflective characteristics. The light reflective member is arranged so as to



extend in the light radiation direction symmetrically or asymmetrically with respect to a

central line of the LED element. The converging reflective surface of the light

reflective member includes: a light directivity forming surface that causes light emitted

from the LED element to have light directivity and to radiate from the LED lighting

tube to the outside of the tube through the total luminous flux transparent plate; and a

light confining means for confining the light emitted from the LED element in the total

luminous flux transparent plate and/or a space between the total luminous flux

transparent plate and the light reflective member, the light then being radiated to the

outside of the tube through the total luminous flux transparent plate.

[0011] A light-emitting diode type lighting device includes: an LED lighting tube that

includes a total luminous flux transparent plate arranged in a light radiation direction; an

LED element disposed on a substrate in the LED lighting tube so as to face the total

luminous flux transparent plate; and a light reflective member including a converging

reflective surface that is arranged on a side from which the LED element emits light and

has light reflective characteristics. The light reflective member is arranged so as to

extend in the light radiation direction symmetrically or asymmetrically with respect to a



central line of the LED element. The converging reflective surface of the light

reflective member includes: a light directivity forming surface that causes light emitted

from the LED element to have light directivity and to radiate from the LED lighting

tube to the outside of the tube through the total luminous flux transparent plate, and a

pseudo LED element forming surface that reflects a pseudo LED element of the LED

element. The pseudo LED element of the LED element arranged on the substrate is

reflected on the pseudo LED element forming surface when the LED element is seen

from a direction of the light radiated from the LED element arranged on the substrate.

[0012] A light-emitting diode type lighting device includes: an LED lighting tube that

includes a total luminous flux transparent plate arranged in a light radiation direction; an

LED element disposed on a substrate in the LED lighting tube so as to face the total

luminous flux transparent plate; and a light reflective member including a converging

reflective surface that is arranged on a side from which the LED element emits light and

has light reflective characteristics. The light reflective member includes a first light

reflective member and a second light reflective member. The first light reflective

member includes the converging reflective surface that is arranged on the side from



which the LED element emits light and has the light reflective characteristics. The first

light reflective member is arranged so as to extend in the light radiation direction

symmetrically or asymmetrically with respect to a central line of the LED element. The

converging reflective surface of the first light reflective member includes: a light

directivity forming surface that causes light emitted from the LED element to have light

directivity and to radiate from the LED lighting tube to the outside of the tube through

the total luminous flux transparent plate; and a pseudo LED element forming surface

that reflects a pseudo LED element of the LED element. The second light reflective

member including a converging light reflective surface that is arranged to face the total

luminous flux transparent plate in the lighting tube and has light reflective

characteristics is provided. The second light reflective member is arranged outward in a

wide-angle direction from the end of the first light reflective member along the shape of

the total luminous flux transparent plate. The second light reflective member includes a

light confining means for confining the light emitted from the LED element in the total

luminous flux transparent plate and/or a space between the total luminous flux

transparent plate and the light reflective member, the light then being radiated to the



outside of the tube through the total luminous flux transparent plate. The pseudo LED

element installed on the substrate is reflected on the pseudo LED element forming

surface when the light is radiated to the outside of the lighting tube.

[0013] A light-emitting diode type lighting device includes: an LED lighting tube that

includes a total luminous flux transparent plate arranged in a light radiation direction; an

LED element disposed on a substrate in the LED lighting tube so as to face the total

luminous flux transparent plate; and a light reflective member including a converging

reflective surface that is arranged on a side from which the LED element emits light and

has light reflective characteristics. The light reflective member includes a first light

reflective member and a second light reflective member. The first light reflective

member includes the converging reflective surface that is arranged on the side from

which the LED element emits light and has the light reflective characteristics. The first

light reflective member is arranged so as to extend in the light radiation direction

symmetrically or asymmetrically with respect to a central line of the LED element. The

converging reflective surface of the first light reflective member includes: a light

directivity forming surface that causes light emitted from the LED element to have light



directivity and to radiate from the LED lighting tube to the outside of the tube through

the total luminous flux transparent plate; and a pseudo LED element forming surface

that reflects a pseudo LED element of the LED element. The second light reflective

member including a light reflective surface that is arranged to face the total luminous

flux transparent plate in the lighting tube and has light reflective characteristics is

provided. The second light reflective member is arranged outward in a wide-angle

direction from the end of the first light reflective member along the shape of the total

luminous flux transparent plate. The second light reflective member includes a light

confining means for confining the light emitted from the LED element in the total

luminous flux transparent plate and/or a space between the total luminous flux

transparent plate and the reflective member, the light then being radiated to the outside

of the tube through the total luminous flux transparent plate. The pseudo LED element

of the LED element arranged on the substrate is reflected on the pseudo LED forming

surface when the LED element is seen from a direction of the light radiated from the

LED element arranged on the substrate.

[0014] The light-emitting diode type lighting device is arranged in a position that does



not interfere with the light emitted from the LED element.

[0015] The cylindrical tube body includes a locking portion for locking the light

reflective member.

[0016] The light reflective member is made of a resin member.

[0017] A third light reflective member that connects the first light reflective member

and the second light reflective member is provided.

[0018] The pseudo LED element forming surface is formed to be defined by a total

reflectance of the first light reflective member, an angle of elevation of the first light

reflective member, and an interval between an arrangement end of the LED element and

the first light reflective member.

[0019] The first light reflective plate has an angle of elevation set from 50 degrees to

75 degrees with respect to the substrate.

[0020] A length of an interval between an arrangement end of the LED element and

the converging reflective surface of the light reflective member is set from 0.1 mm to

5.0 mm, an angle of elevation of the substrate surface is set from 50 degrees to 75

degrees, and a height of the first light reflective member is five or more times as large as
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a width of the LED element and is preferably set to 10 mm to 20 mm.

[0021] At least one of a total reflectance of the light reflective surface, an angle of

elevation of the first light reflective member, and a length of an interval between an

arrangement end of the LED element and the converging reflective surface of the

reflective member is changed to change the number of the pseudo LED elements

reflected on the pseudo LED element forming surface to project the pseudo LED

element forming surface.

[0022] The second reflective member and/or the total luminous flux transparent plate

has a recessed portion for confining light.

[0023] The total luminous flux transparent plate has a total luminous flux

transmittance of greater than or equal to 95%.

[0024] A total reflectance of the light reflective member is defined by greater than or

equal to 80%.

[0025] The light reflective surface of the first light reflective member includes the

light directivity forming surface and the pseudo LED element forming surface having

different total reflectances and/or shapes.
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[0026] The second light reflective member includes a heat sink.

[0027] The light-emitting diode type lighting device is a straight-tube light-emitting

diode type lighting device.

[0028] An electronic device includes the light-emitting diode type lighting device.

[0029] A plant factory includes the light-emitting diode type lighting device.

[0030] An LED sign includes the light-emitting diode type lighting device.

Advantageous Effects of Invention

[0031] The present invention provides a light-emitting diode type lighting device that

radiates light emitted from an LED element, the light having a wide radiation angle of

160 degrees to 180 degrees and high illuminance (total luminous flux).

Brief Description of Drawings

[0032] Fig. 1 is a perspective view of a straight-tube light-emitting diode type lighting

device according to this embodiment.

Fig. 2 is an exploded perspective view of the straight-tube light-emitting diode

type lighting device illustrated in Fig. 1.
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Fig. 3 is a cross-sectional view of the straight-tube light-emitting diode type

lighting device according to the first embodiment taken along an A-A section line

illustrated in Fig. 1.

Fig. 4 is a schematic view for explaining an optical path of light emitted from a

light source, which is an LED element, in the light-emitting diode type lighting device

in Fig. 1.

Fig. 5A shows a picture in which the light emitted from the LED element is

radiated from a lighting tube via a total luminous flux transparent plate from a state of

having been confined. Fig. 5B shows a picture in which the light emitted from the LED

element is radiated from a state of not having been confined.

Fig. 6 shows a picture in which a pseudo LED element of the LED element

installed on a substrate is reflected on a pseudo LED element forming surface of a first

light reflective member.

Fig. 7 is a cross-sectional view of the straight-tube light-emitting diode type

lighting device in which a locking portion is provided on a tube body member.

Fig. 8 is a cross-sectional view of a straight-tube light-emitting diode type
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lighting device according to a second embodiment taken along the A-A section line

illustrated in Fig. 1.

Fig. 9 is a cross-sectional view of a straight-tube light-emitting diode type

lighting device according to a third embodiment taken along the A-A section line

illustrated in Fig. 1.

Fig. 10 is a cross-sectional view of a straight-tube light-emitting diode type

lighting device according to a fourth embodiment taken along the A-A section line

illustrated in Fig. 1.

Fig. 11 is a cross-sectional view of a straight-tube light-emitting diode type

lighting device according to a fifth embodiment taken along the A-A section line

illustrated in Fig. 1.

Fig. 12 is a cross-sectional view of a straight-tube light-emitting diode type

lighting device including a built-in power source.

Fig. 13 is a diagram for explaining another arrangement example of LED

elements according to an embodiment of the present invention.

Fig. 14 is a diagram for explaining still another arrangement example of the
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LED element according to the embodiment of the present invention.

Description of Embodiments

[0033] First Embodiment

Hereinafter, a light-emitting diode type lighting device, particularly, a straight-

tube light-emitting diode type lighting device according to the present invention is

described in detail. Fig. 1 is a schematic view of a light-emitting diode type lighting

device according to the present invention. Fig. 2 is an exploded perspective view of the

straight-tube light-emitting diode type lighting device illustrated in Fig. 1. Fig. 3 is a

cross-sectional view of the straight-tube light-emitting diode type lighting device

according to the first embodiment taken along an A-A section line illustrated in Fig. 1.

[0034] In Fig. 3, a light-emitting diode type lighting device preferably includes: an

LED lighting tube that includes a total luminous flux transparent plate arranged in a

light radiation direction; an LED element as a light source disposed on a substrate in the

LED lighting tube so as to face the total luminous flux transparent plate; and a first light

reflective member including a converging reflective surface that is arranged on a side
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from which the LED element emits light and has light reflective characteristics. The

first light reflective member is arranged so as to extend in the light radiation direction

symmetrically or asymmetrically with respect to a central line of the LED element. The

converging reflective surface of the first light reflective member includes: a light

directivity forming surface that causes light emitted from the LED element to have light

directivity and to radiate from the LED lighting tube to the outside of the tube through

the total luminous flux transparent plate; and a pseudo LED element forming surface

that reflects a pseudo LED element of the LED element. A second light reflective

member that is arranged to face the total luminous flux transparent plate in the lighting

tube and has light reflective characteristics is provided. The second light reflective

member is arranged outward in a wide-angle direction from the end of the first light

reflective member along the shape of the total luminous flux transparent plate.

[0035] A first light reflective member 191 is arranged at both sides of an LED element

symmetrically with respect to a central line of the LED element. The first light

reflective member 191 is provided to extend so as to cause light emitted from the LED

element to have light directivity and to radiate from the LED lighting tube to the outside
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of the tube. The first light reflective member 191 is integrally provided on a substrate

12.

[0036] Fig. 4 is a schematic view for explaining an optical path of the light emitted

from the light source, which is the LED element in the light-emitting diode type lighting

device in Fig. 1. As illustrated in Fig. 4, the first light reflective member is provided on

the substrate at an angle of elevation set from 50 degrees to 75 degrees, preferably, 50

degrees to 65 degrees, and the second light reflective member is arranged outward in a

wide-angle direction from the end of the first light reflective member along the shape of

the total luminous flux transparent plate. Accordingly, the light emitted from the LED

element (1) travels in a straight line in the internal space of the first light reflective

member from directly below the light source being the LED element and is radiated

from the total luminous flux transparent plate to the outside of the tube body, (2) is

further reflected on a converging reflective surface of the first light reflective member

and travels through the internal space of the first light reflective member to radiate from

the total luminous flux transparent plate to the outside of the tube body, and (3) is

further reflected on the converging reflective surface of the first reflective member and
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travels through the internal space of the first light reflective member to reach the total

luminous flux transparent plate, and then also reflected on the second light reflective

member to radiate from the total luminous flux transparent plate to the outside of the

tube body via a light confining means. In addition, the total luminous flux transparent

plate preferably has a curved surface.

[0037] Here, the light emitted from the LED element is confined in the total luminous

flux transparent plate and/or the light confining means provided in a space between the

total luminous flux transparent plate and the second light reflective member. The

confined light emitted from the LED element is then radiated to the outside of the tube

body through the total luminous flux transparent plate. The second light reflective

member and/or the total luminous flux transparent plate preferably have/has at least one

recessed portion for confining light.

[0038] The light radiated from the LED element through a translucent cover including

the total luminous flux transparent plate is preferably radiated such that the light has a

radiation angle of 120 degrees to 180 degrees and has a total luminous flux of 2000 to

3000 Im.
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[0039] The first light reflective member has an angle of elevation set from 50 degrees

to 75 degrees, and, furthermore, an interval between an arrangement end of the LED

element and the first light reflective plate is set to 0.1 to 5.0 mm, a height of the first

light reflective plate is five or more times as large as a width of the LED element and is

preferably set to 10 mm to 20 mm. Accordingly, the wide radiation angle can reduce a

loss in the amount of light to improve illuminance and PPFD. The illuminance radiated

from the LED light source is preferably obtained by being multiplied by 1.5 to 2.0. The

angle of elevation of the first light reflective member with respect to the substrate, the

interval between the end of the LED element and the reflective plate, and the height of

the reflective plate may be variable according to the size such as a diameter of the LED

lighting device.

[0040] Fig. SA shows a diagram in which the light emitted from the LED element is

radiated via the total luminous flux transparent plate from a state where the light has

been confined in the total luminous flux transparent plate, which is the light confining

means, and/or the space between the total luminous flux transparent plate and the

second light reflective member. Fig. 5B shows a diagram in which the light is radiated
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from a state of not having been confined. As seen from these diagrams, the light

radiated via the total luminous flux transparent plate from the state of having been

confined is radiated to the entire total luminous flux transparent plate substantially

uniformly.

On the other hand, the light radiated from the state of not having been confined is bright

in the substantially central region where the LED element is arranged, and has the

illuminance lower in the peripheral region than in the central region. Thus, it can be

seen that the illuminance is not uniform between the central region and the peripheral

region of the total luminous flux transparent plate.

Here, the total luminous flux transparent plate having a color temperature of 3000 K and

a total light transmittance of 60 to 70% (ML 7500 Series manufactured by Teijin

Limited; opal cover) is used in Fig. 5SA. The total luminous flux transparent plate

having a color temperature of 3000 K and a total light transmittance of 89% (MN 4800

Series manufactured by Teijin Chemicals Ltd.; translucent cover, clear plate) is used in

Fig. 5B.

[0041] Fig. 6 shows a picture in which a pseudo LED element 13a of an LED element
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13 installed on a substrate is reflected on a pseudo LED element forming surface of the

first light reflective member when the LED element is seen from a direction of radiation

of the light emitted from the LED element arranged on the substrate.

At this time, the LED element preferably has illuminance of 30 to 80 Ix/w.

[0042] The pseudo LED element forming surface is preferably formed to be defined

by the total reflectance of the first light reflective surface, the angle of elevation of the

first light reflective member, and the length of the interval between the arrangement end

of the LED element and the light reflective surface of the reflective member.

[0043] A third light reflective member that connects the first light reflective member

and the second light reflective member is preferably provided.

[0044] The total luminous flux transparent plate preferably has a total luminous flux

transmittance of greater than or equal to 95%.

A total reflectance of the reflective member is preferably defined by greater than or

equal to 80%.

[0045] The light reflective surface of the first light reflective member according to the

present invention includes the light directivity forming surface and the pseudo LED
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element forming surface preferably having different total reflectances and/or shapes.

[0046] At least one of the total reflectance of the light reflective surface, the angle of

elevation of the first light reflective member, and the length of the interval between an

arrangement end of the LED element and the reflective member is preferably changed

to change the number of the pseudo LED elements reflected on the pseudo LED element

forming surface to project the pseudo LED element forming surface.

[0047] Fig. 7 is a schematic view of a light reflective member 19 attached to a

cylindrical tube body. The cylindrical tube body 10 includes a locking portion that

locks an upper end portion 71 of the light reflective member 19. The locking portion

includes a first locking portion 70 and a second locking portion 72 for locking the upper

end portion 71 of the light reflective member 19 in the cylindrical tube body 10. The

upper end portion 71 of the light reflective member 19 is sandwiched between the first

locking portion 70 and the second locking portion 72. It is sufficient that the upper end

portion 71 of the light reflective member 19 is locked by the first locking portion 70.

The cylindrical tube body 10 includes a locking portion that locks a substrate support

member 17. Both ends of the substrate support member 17 are sandwiched by a third
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locking portion 74 and a fourth locking portion 76. It is sufficient that the substrate

support member 17 is locked by the fourth locking portion. The substrate support

member 17 and the light reflective member 19 are integrally formed. Light confined in

a light reflective portion light confining space 62 is preferably radiated from a total

luminous flux transparent plate 31 to the outside of the tube body. The light reflective

member 19 the substrate support member 17 may be formed separately. The light

reflective member 19 and the substrate support member 17 are fixed together with

screws or an adhesive. The light reflective member 19 including the substrate support

member 17 may be detachably attached to the locking portion. The light reflective

member 19 and the substrate support member 17 may be separately detachably attached

to the locking portion.

[0048] Furthermore, a light directivity forming surface and the pseudo LED element

forming surface preferably have different shapes. The light directivity forming surface

and the pseudo LED element forming surface may have at least a part of shape formed

by a straight line and a shape other than the straight line, such as a curved surface,

irregularities, and a shape of a saw, and further formed by a combination of these
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shapes, a combination of these shapes having variable pitches, or the like. The light

directivity forming surface and the pseudo LED element forming surface may have the

same shape.

[0049] Furthermore, the light directivity forming surface and the pseudo LED element

forming surface may have different total reflectances.

They may have the different total reflectances within a range from 80% to 95%.

[0050] The first light reflective member includes the light directivity forming surface

and the pseudo LED element forming surface. The light directivity forming surface

causes the light emitted from the LED element to have directivity and to radiate from

the LED lighting tube to the outside of the tube. The pseudo LED element forming

surface reflects the pseudo LED element of the installed LED element on the

converging reflective surface facing the LED element. The pseudo LED element

forming surface may form the light directivity forming surface.

[0051] In a straight-tube light-emitting diode type lighting lamp, the light-emitting

diode type lighting device has a length and a diameter so as to substitute for a

conventional fluorescent tube in a fluorescent lamp fixture. The straight-tube light-

24



emitting diode type lighting lamp has the same length as that of the conventional

straight-tube fluorescent lamp. The length may be appropriately set to, for example,

300 mm to 2400 mm according to its use. The straight-tube light-emitting diode type

lighting lamp has almost the same diameter as that of the conventional straight-tube

fluorescent lamp, and preferably has substantially the same external shape and exterior

appearance as a whole as those of the straight-tube fluorescent lamp.

[0052] The tube body of the light-emitting diode type lighting device is a member

having a substantially semi-cylindrical cross-sectional shape. For example, the tube

body of the light-emitting diode type lighting device may be made of a material such as

glass and synthetic resin. For example, the tube body may be a member integrally

formed to be a long semicylinder made of a material having predetermined elasticity

such as polycarbonate resin. The whole or a part of the tube body of the light-emitting

diode type lighting lamp has translucency, and may be made of a transparent,

translucent, or colored transparent material as long as it allows light to pass

therethrough.

[0053] An electronic part such as an AC power source for driving the light-emitting
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diode type lighting device is provided in the LED lighting tube, and is preferably

installed on the substrate in a position and a wiring manner that do not interfere with the

light emitted from the LED light source.

[0054] The LED element emits the illuminance that allows the pseudo LED element in

the LED lighting device of the present invention to be reflected, and preferably has the

illuminance of at least 30 Ix/w to 80 Ix/w. Here, the LED illuminance is measured by

applying an alternating current of 100 V 50 Hz to the light-emitting diode type lighting

device. A general AA-grade luminometer prescribed by JIS C1609 is used for the

measurement. A measurement distance is 1 m between a front surface of the light

source, which is the LED eclement, and a measurement reference surface of the

illuminance shape. The light source turns on downward in a vertical direction for the

measurement. Measurement results are as follows. Power consumption (W) of the

LED element is 19.5 W.

Measurement result 1; 724 (Ix) 37.1 Ix/w

Measurement result 1; 870 (Ix) 44.6 Ix/w

Measurement result 1; 1556 (Ix) 79.8 Ix/w
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[0055] The power source that is a driving device for driving the LED element as the

light source is preferably driven by (1) any single power source of 5V, 12V, and 24 V,

(2) a forward voltage of at least 1.5 V to 4.5V, or (3) any voltage of 90 V to 240 V.

[0056] The power source is preferably arranged in a position that does not interfere

with the light emitted from the LED element. The power source that drives the LED

element is arranged on the bottom of the tube body below the substrate on which the

LED element is mounted. The power source that drives the LED element is mounted on

the substrate opposite to the first light reflective member facing the LED element.

[0057] The LED element is a surface-mounting white LED that emits white light

through the application of the predetermined voltage described above. The LED

element is preferably disposed in a central position in a width direction on the surface

side of the substrate at a predetermined interval in a row along the longitudinal direction

of a substrate 12. The LED element may be disposed in a plurality of rows along the

longitudinal direction of the substrate 12.

[0058] The reflective member preferably includes a heat sink member of an Al

material, for example. In the straight-tube light-emitting diode type lighting lamp of
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this embodiment, a distance between a heat sink portion immediately below the

substrate on which the LED element is installed and a heat sink portion touched by a

human body is two to three or more times as large as that of a conventional heat sink.

This improves an efficiency of heat conductivity and an effect of heat radiation of heat

generated when the LED element is energized.

[0059] In this embodiment, it is preferable that the heat sink structure immediately

below the substrate on which the LED element is installed is semi-cylindrical and has

an M-shaped structure. The M-shaped structure has a long distance, instead of a short

distance, between the heat sink immediately below the LED element and the heat sink

touched by a human body. This improves the efficiency of heat conductivity to further

promote heat radiation.

[0060] In this embodiment, the M-shaped heat sink (cross-sectional) structure that

collects and reflects light at a fixed angle causes the light emitted from the LED element

to be reflected and directed toward a predetermined direction, and aims to improve

illuminance. The heat sink surface on the LED element side is preferably subjected to

silver coating, plating, or chroming that has high reflection efficiency to increase an
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angle of light distribution of the heat sink having the M-shaped structure (in cross

section). Similarly, a heat sink cover is preferably designed for diffusion or is

preferably a prism type to increase the angle of light distribution.

[0061] The present invention is not limited to the above-described embodiment. In

other words, the structural components in the above embodiment can be modified,

combined, and replaced by a person skilled in the art within the technical scope or the

equal scope of the present invention.

[0062] A light-emitting diode type lighting device 1 has a length and a diameter so as

to substitute for a conventional fluorescent lighting tube in a fluorescent lamp fixture.

The light-emitting diode type lighting device has the same length as that of the

conventional straight-tube fluorescent lamp. The length may be appropriately set to, for

example, 300 mm, 450 mm, 600 mm, 900 mm, 1200 mm, 1800 mm, or 2400 mm

according to its use. The light-emitting diode type lighting device has almost the same

tube diameter as that of the conventional straight-tube fluorescent lamp, and preferably

has substantially the same external shape and exterior appearance as a whole as those of

the straight-tube fluorescent lamp.
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[0063] As illustrated in Fig. 3, the light-emitting diode type lighting device 1 includes

the cylindrical tube body that includes a translucent cover 31 that the total luminous

flux transparent plate and a tube body member, the LED element 13 as a light source

arranged in the cylindrical tube body 10, the substrate 12 on which the LED element 13

is installed, the substrate support member 17, the light reflective member 19, an LED

controller 22, and end caps 50.. The light reflective member 19 includes the first light

reflective member 191, a second light reflective member 193, and a third light reflective

member 195. Here, the tube body member 15, the substrate support member 17, the

first light reflective member 191, the second light reflective member 193, and the third

light reflective member 195 are preferably made of a heat sink member of aluminum,

copper, or plastic, for example. In this embodiment, the substrate support body member

17 and the first light reflective member 191 are preferably formed integrally. The first

light reflective member 191, the second light reflective member 193, and the third light

reflective member 195 are preferably formed integrally. Further, the substrate support

member 17, the first light reflective member 191, the second light reflective member

193, and the third light reflective member 195 are preferably formed integrally. These
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members 17, 191, 193, 195 can be easily formed integrally if plastic is used for them.

The substrate support member 17, the first light reflective member 191, the second light

reflective member 193, and the third light reflective member 195 may be separately

formed, and then, these members may be selected to be bonded together with an

adhesive, screws, or the like.

[0064] These members 15, 17, 191, 193, 195 can obtain a high effect of heat radiation

with the heat sink. For example, if a material for the heat sink is aluminum, heat in the

portion touched by a human body can be made at a safe temperature, for example, 40°C.

A material for the heat sink is typically aluminum or copper that has excellent efficiency

of heat conductivity.

[0065] These members 17, 191, 193, 195 are integrally processed by drawing

(extruding) with an anodized mold, which can thus make manufacturing steps simple

and reduce costs and steps.

[0066] In other words, in the light-emitting diode type lighting device 1, a temperature

of the heat sink surface can be a temperature (approximately 40°C) safely touched by a

human body, which has been the biggest challenge of LED straight tubes (fluorescent
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lamp type) and LEDs. Also, in the light-emitting diode type lighting device 1, the

illuminance can exert equal or more than equal performance to that of a fluorescent

lamp.

[0067] As illustrated in Fig. 3, the substrate 12 is housed in the longitudinal internal

space (confined space) of the substrate support member 17 and supported by the

substrate support member 17. The LED element 13 is arranged in a stripe-shaped

opening formed on the translucent cover 31 side of the substrate support member 17

such that its light-emitting surface faces the translucent cover 31.

[0068] The substrate 12 preferably has conductivity. The substrate support member 17

receives the heat generated by the LED element via the substrate 12, and the heat is

transmitted to the first light reflective member.

The first light reflective member 191 is arranged to extend from one end, which is a

joint portion with the substrate support member 17, to the translucent cover 31.

[0069] As illustrated in Fig. 3, in the horizontal cross-sectional view of the confined

space of the light-emitting diode type lighting device 1, the LED element 13 is arranged

on a central line 61 of the translucent cover 31 along the horizontal cross-sectional view.
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The translucent cover 31 is preferably a total luminous flux transparent plate having a

total luminous flux transmittance of greater than or equal to 95%. The total luminous

flux transparent plate preferably has a total luminous flux transmittance of greater than

or equal to 95 (%). ML Series of a high-diffusion type, which is made of resin and

manufactured by Teijin Limited, is used as the translucent cover 31. Here, the total

luminous flux transmittance (%) is expressed by a total luminous flux x 100 when a test

specimen is placed/a total luminous flux X 100 when the test specimen is not placed.

[0070] The LED element 13 installed on the substrate 12 may be arranged in one row

or a plurality of rows with a predetermined interval in the longitudinal direction of the

substrate. As illustrated in Fig. 2, the plurality of LED elements 13 are installed on the

substrate 12 at equal intervals along the longitudinal direction. The LED controller 21

is arranged at the end portion of the substrate 12.

[0071] The first light reflective member 191 is arranged at both sides of the LED

element symmetrically or asymmetrically with respect to the central line of the LED

element with an interval (S) between the LED element and the first light reflective

member 191. The first light reflective member 191 is provided to extend so as to cause
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the light emitted from the LED element to have light directivity and to radiate from the

LED lighting tube to the outside of the tube. The length of the first light reflective

member is five or more times as large as a width of the LED element and is preferably

set to approximately 10 mm to 20 mm from the substrate.

[0072] Here, the first light reflective member 191 preferably includes a converging

reflective surface 19a on the LED element side. The converging reflective surface 19a

preferably includes a light directivity forming surface 20a and a pseudo LED element

forming surface 20b that reflects the pseudo LED element of the installed LED element

on the light reflective surface on the side facing the LED element.

[0073] A length of an interval (S) between the end portion of the LED element and the

converging reflective surface of the first reflective member 191 is defined by 0.1 mm to

5.0 mm, preferably, 0.5 mm to 2.0 mm. An angle of elevation o of the first light

reflective member 191 is defined by 50 degrees to 75 degrees, preferably, 50 degrees to

65 degrees. A total reflectance of the reflective member is preferably defined by greater

than or equal to 80%. The above-mentioned interval may be zero if an electrical

insulating member is provided on a part of the converging reflective surface.
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[0074] The pseudo LED element of the LED element installed on the substrate is

reflected on the converging reflective surface 19a of the first light reflective member

191. Fig. 6 illustrates a diagram of the pseudo LED element reflected on the converging

reflective surface 19a of the first light reflective member 191 when seen from below the

LED element installed on the substrate from the radiation direction of the LED element.

[0075] The end caps 50 are inserted at two end portions of the tubular structure formed

by the tube body member 15 and the transparent cover 31. The end caps 50 each

include a power source pin 51.

[0076] The first light reflective member 191 includes the converging reflective surface

19a on an extending portion 23 that extends toward the translucent cover 31 in a

direction in which the light emitted from the LED element installed on the substrate

travels. The extending portion 23 is arranged at both sides of the LED element

symmetrically or asymmetrically with respect to the central line of the LED element in

the direction in which the light emitted from the LED element installed on the substrate

travels. The extending portion 23 is preferably disposed in such a position that directs

the light from the light-emitting element 13 toward the translucent cover 31.
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[0077] The first light reflective member 191 includes the first light reflective member

191, the second light reflective member 193, and the third light reflective member 195.

The first light reflective member 191 extends toward the translucent cover 31 at an

angle of elevation, which falls within a range of 50 degrees to 75 degrees. The second

light reflective member 193 is bent along the curved shape of the translucent cover 31.

The third light reflective member 195 connects the first light reflective member 191 and

the second light reflective member 193. The configuration of the light reflective

member 19 is not limited to the configuration of the first light reflective member 191,

the second light reflective member 193, and the third light reflective member 195. The

light reflective member 19 may have a multistage configuration that includes more light

reflective members connected together.

[0078] The second light reflective member 193 and the third light reflective member

195 respectively and preferably include a light reflective surface 193a and a light

reflective surface 195a having light reflective characteristics on the side facing the

translucent cover 31.

[0079] The pseudo LED element forming surface is preferably formed to be defined
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by at least one of the total reflectance of the light reflective surface, the angle of

elevation of the first light reflective member, and the length of the interval between the

arrangement end of the LED element and the light reflective surface of the light

reflective member.

[0080] The total luminous flux transparent plate preferably has a total luminous flux

transmittance of greater than or equal to 95%. A total reflectance of the reflective

member is preferably defined by greater than or equal to 80%.

[0081] In other words, the total reflectance of the converging reflective surface of the

first light reflective member is preferably greater than or equal to 80% to direct the

light-emitting illuminance of the LED element to equal or more than equal to that of the

conventional fluorescent lamp. Specifically, the converging reflective surface 19a is

preferably subjected to silver plating, silver coating, or chrome plating, for example. At

this time, the illuminance is determined based on the theorem of brightness of light that

“brightness is inversely proportional to the square of a distance from a light source to a

radiation surface”.

[0082] The light emitted from the LED element is radiated to the outside of the tube
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body through the total luminous flux transparent plate 31 via the light reflective member

19. When being radiated to the outside of the tube body through the total luminous flux

transparent plate 31 via the first light reflective member 191, the light emitted from the

LED element is confined in the total luminous flux transparent plate 31 arranged with

respect to the light reflective surface 193a of the second light reflective member 193

and/or is confined in a light confining path 60 formed between the total luminous flux

transparent plate 31 and the second light reflective member 193. Then, the light is

confined in the light confining space 62 provided in the light confining path 60. The

confined light is preferably radiated from the total luminous flux transparent plate 31 to

the outside of the tube body. In addition, the light emitted from the LED element is

confined in the light confining space 62 through the light reflective member, preferably,

the first light reflective member 191. Then, the confined light is preferably radiated

from the total luminous flux transparent plate 31 to the outside of the tube body.

[0083] Furthermore, when the light emitted from the LED element is radiated to the

outside of the tube body through the total luminous flux transparent plate via the first

light reflective member 191, the angle of elevation of the first light reflective member
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191 with respect to the substrate is set to 50 degrees to 75 degrees, preferably, 50

degrees to 65 degrees; the interval (S) between the end portion of the LED element and

the first light reflective member is set to 0.5 to 5.0 mm; and a height of the reflective

plate is five or more times as large as a width of the LED element and is preferably set

to 10 to 20 mm. With these settings, the light is confined in the total luminous flux

transparent plate 31 arranged with respect to the reflective surface of the second light

reflective member 193 and/or is confined in the light confining path 60 formed between

the total luminous flux transparent plate and the second light reflective member. The

confined light is preferably radiated from the total luminous flux transparent plate 31 to

the outside of the tube body.

[0084] The light confining path 60 formed in the space between the total luminous

flux transparent plate and the second light reflective member is preferably formed such

that the end portion of the second light reflective member is engaged in the total

luminous flux transparent plate.

[0085] The second light reflective member and/or the total luminous flux transparent

plate preferably have/has at least one recessed portion 62 for confining light.
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[0086] Thus, the light radiated from the LED element to the outside of the tube via the

total luminous flux transparent plate is radiated such that the light has a radiation angle

of 120 degrees to 180 degrees and has a total luminous flux of 2000 to 3000 Im. At this

time, the pseudo LED is preferably reflected on the first light reflective member.

[0087] The light reflective surface 193a of the second light reflective member 193 has

light reflective characteristics, which allows the light from the LED element to be

reflected on the inner surface of the translucent cover 31 as illustrated in Fig. 4 and to

pass through the translucent cover 31.

[0088] Silver coating, silver plating, or equivalent coating is the processing for

increasing reflection efficiency of this embodiment. Silver coating can improve the

total reflectance to 90%.

[0089] In the light-emitting diode type lighting device 1, a distance from the LED

element and the outer peripheral surface (portion touched by a human body) of the light-

emitting diode type lighting device 1 can be increased greater than (can be increased

twice as long as) that of the conventional structure with the light reflective member

having the shape illustrated in Fig. 2 and Fig. 3.

40



[0090] The straight-tube light-emitting diode type lighting device 1 can increase an

angle (greater than or equal to 140 degrees) of illuminance distribution, can have the

performance (illuminance and light distribution) of the conventional fluorescent lamp

while reducing power consumption of the fluorescent lamp by 50%, and can save

energy of a light source of lighting. Specifically, the power consumption can be

approximately 12 to 13 in comparison with the fluorescent lamp, and illuminance and

PPFD can be two to three times (as great as those of the conventional LED). The

straight-tube light-emitting diode type lighting device 1 does not emit high heat like the

fluorescent tube and contributes to safety and security. The straight-tube light-emitting

diode type lighting lamp 1 can be reduced to less than or equal to 500 g.

Hereinafter, another embodiment of the shape of the converging reflective surface of the

first light reflective member is described.

Second Embodiment

[0091] Fig. 8 is a sectional view of a straight-tube light-emitting diode type lighting

device of this embodiment taken along an A-A section line illustrated in Fig. 1.

As illustrated in the drawing, in this embodiment, a converging reflective surface 119a
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on the LED element side of the first light reflective member 191 forming the light

reflective member 19 has light reflective characteristics and a concave curved surface

with respect to the central line 61. A curvature of the curved surface is appropriately set

according to required light characteristics. The converging reflective surface 19a may

be formed to have a curved surface that is convex toward the central line 61. A

curvature of the curved surface is appropriately set according to required light

directivity.

Third Embodiment

[0092] Fig. 9 is a sectional view of a light-emitting diode type lighting device of this

embodiment taken along the A-A section line illustrated in Fig. 1.

As illustrated in the drawing, in this embodiment, the whole or a part of a converging

reflective surface 219a on the LED element 13 side of the first light reflective member

191 has light reflective characteristics and has many irregularities formed thereon. It is

preferable that a shape, size, interval, and the number of the irregularities are

appropriately set according to required light characteristics.

Fourth Embodiment

42



[0093] Fig. 10 is a cross section of a straight-tube light-emitting diode type lighting

device of this embodiment taken along the A-A section line illustrated in Fig. 1.

As illustrated in the drawing, in this embodiment, the converging reflective surface 19a

on the LED element 13 side of the first light reflective member 191 is formed on only

one side with respect to the central line 61.

The light-emitting diode type lighting device of this embodiment is disposed at the end

portion when the plurality of light-emitting diode type lighting lamps are aligned in

parallel. In this embodiment, the amount of light can be increased in one direction.

Fifth Embodiment

[0094] Fig. 11 is a cross section of a light-emitting diode type lighting device of this

embodiment taken along the A-A section line illustrated in Fig. 1.

In the first embodiment described above, it is illustrated that a space is formed between

a light reflective surface 293a of a second light reflective member 293, which faces the

translucent cover 31, of the first light reflective member 191 and the translucent cover

31. In this embodiment, as illustrated in the drawing, the light reflective surface 293a of

the second light reflective member 293 may be provided in contact with the inner
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surface of the translucent cover 31. This configuration can effectively suppress the

entry of water from a mounting portion bonded when the tube body member 33 and the

translucent cover 31 are mounted. This configuration allows the light-emitting diode

type lighting device to be used as an outdoor lamp.

Sixth Embodiment

[0095] Fig. 12 is basically the same as the configuration of the LED lighting device 1

in Fig. 3. In the drawing, a frame member 40 for creating a space in which the power

source 65 of the light-emitting diode 13 is housed is provided.

[0096] The driving device including the power source is preferably arranged in a

position that does not interfere with the light emitted from the LED light source. For

example, the power source 65 is located on a bottom portion of the frame member 40.

The power source 50 may be disposed on the base portion in the space of the angle of

elevation a of the light reflective member 191.

[0097] Here, it is preferable that a forward voltage of at least 1.5 V to 4.5 V for driving

the LED element of the light-emitting diode type lighting device is applied to the LED

element to drive the light-emitting diode type lighting device.
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[0098] Here, upon the application to the LED element, a current starts to flow at

greater than or equal to a predetermined voltage. The voltage is referred to as the

forward voltage. Brightness of the light emitted from the LED element is proportional

to the current.

A voltage between an anode and a cathode at this time is the forward voltage.

[0099] Here, the forward voltage of one chip of the LED element that emits white light

is, for example, 1.8 Vt02.3V,24Vt03.3V,28V1t03.2V,32V1t03.6V,or3.6Vto

4.03 V.

[0100] A universal power source is used in the LED lighting device of this example. A

hundred of LED elements (chips) are connected to each other. An input voltage (AC) of

AC type is 20 W, 90 V to 264 Vac. A battery used for the power source allows driving.

The LED lighting device can be driven by a single power source of 5 V, for example. n

batteries x 1.5 V can be used as the driving power source. Even if the power source is

used, the light directivity forming surface 20b and the pseudo LED element forming

surface 20a can be provided. The light directivity forming surface 20b causes the light

emitted from the LED element to have directivity and to radiate from the LED lighting
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tube to the outside of the tube. The pseudo LED element forming surface 20a reflects

the pseudo LED element of the installed LED element on the converging reflective

surface on the side facing the LED element.

[0101] It is preferable that the driving device such as the AC power source is provided

in the LED lighting tube and arranged in a position that does not interfere with the light

radiated from the LED light source. The whole or a part of the electronic part such as

the power source other than the LED light source may be disposed on the back surface

side of the substrate instead of the front surface side. If the whole or a part of the

electronic part is provided on the front surface side of the substrate 12, the substrate can

be installed closer to the back side in the LED lighting device and the internal space on

the front surface side of the substrate can thus be increased.

[0102] The driving device such as the AC power source is preferably arranged below

the substrate on which the LED element is installed in the LED lighting tube or

arranged on the back side of the converging reflective surface of the reflective member.

[0103] Here, a forward voltage of at least 1.5 V to 4.5 V for driving the LED element

of the light-emitting diode type lighting device is applied to the LED element to drive
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the light-emitting diode type lighting device. The pseudo LED element is reflected on

the pseudo LED element forming surface when the LED element method installed on

the substrate is seen from the direction in which the light is emitted from the LED

element installed on the substrate. The pseudo LED element is preferably reflected on

the pseudo LED element forming surface when the LED element emits light. The

driving voltage is preferably driven by a single power source.

Seventh Embodiment

[0104] In Fig. 13, two light-emitting diodes 13-1, 13-2 may be provided in a direction

orthogonal to the longitudinal direction. The number of light-emitting diodes 13

provided in the direction orthogonal to the longitudinal direction may be three or more.

The light-emitting diode 13-1 is sandwiched by a light reflective member 19-1 and a

light reflective member 19-2 and has reflective characteristics on the light-emitting

diode side of the light reflective member 19-1 and the light reflective member 19-2.

The light-emitting diode 13-2 is sandwiched by the light reflective member 19-2 and a

light reflective member 19-3 and has reflective characteristics on the light-emitting

diode side of the light reflective member 19-2 and the light reflective member 19-3.

47



The two light-emitting diodes 13-1, 13-2 are each provided to be inclined so as to emit

light in a different direction toward the outside of the lighting device.

[0105] As illustrated in Fig. 14, the two light-emitting diodes 13-1, 13-2 may be

provided in the direction orthogonal to the longitudinal direction. The number of light-

emitting diodes 13 provided in the direction orthogonal to the longitudinal direction

may be three or more. The light-emitting diode 13-1 is sandwiched by the light

reflective member 19-1 and the light reflective member 19-2 and has reflective

characteristics on the light-emitting diode side of the light reflective member 19-1 and

the light reflective member 19-2. The light-emitting diode 13-2 is sandwiched by the

light reflective member 19-2 and the light reflective member 19-3 and has reflective

characteristics on the light-emitting diode side of the light reflective member 19-2 and

the light reflective member 19-3.

[0106] The light-emitting diode type lighting device according to the present invention

is preferably a straight-tube light-emitting diode type lighting device.

The light-emitting diode type lighting device according to the present invention may be

used as a light source of an electronic device, for example, a backlight of a liquid crystal

48



device.

Industrial Applicability

[0107] The present invention is applicable to a light-emitting diode type lighting lamp,

an electronic device, a plant factory, and an LED sign.

Reference Sing List

1 Light-emitting diode type lighting device

10 Cylindrical tube body

12 Substrate

13 LED element

13a Pseudo LED element

15 Tube body member

61 Central line
17 Substrate support member
19 Light reflective member

191 First light reflective member

19a Converging reflective surface
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193

193a

195

195a

20a

20b

23

31

50

60

62

65

70

72

74

76

Second light reflective member

Light reflective surface

Third light reflective member

Light reflective surface

Light directivity forming surface

Pseudo LED element forming surface

Extending portion of first light reflective member

Translucent cover

End cap

Light confining path

Light confining recessed portion

Power source

First locking portion

Second locking portion

Third locking portion

Fourth locking portion
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CLAIMS

1. A light-emitting diode type lighting device, comprising:

an LED lighting tube that includes a total luminous flux transparent plate

arranged in a light radiation direction;

an LED element disposed on a substrate in the LED lighting tube so as to face

the total luminous flux transparent plate; and

a light reflective member including a converging reflective surface that is

arranged on a side from which the LED element emits light and has light reflective

characteristics, wherein

the light reflective member is arranged so as to extend in the light radiation

direction symmetrically or asymmetrically with respect to a central line of the LED

element, and

the converging reflective surface of the light reflective member includes

a light directivity forming surface that causes light emitted from the
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LED element to have light directivity and to radiate from the LED lighting tube to the

outside of the tube through the total luminous flux transparent plate, and

a light confining means for confining the light emitted from the LED

element in the total luminous flux transparent plate and/or a space between the total

luminous flux transparent plate and the light reflective member, the light then being

radiated to the outside of the tube through the total luminous flux transparent plate.

2. A light-emitting diode type lighting device, comprising:

an LED lighting tube that includes a total luminous flux transparent plate

arranged in a light radiation direction;

an LED element disposed on a substrate in the LED lighting tube so as to face

the total luminous flux transparent plate; and

a light reflective member including a converging reflective surface that is

arranged on a side from which the LED element emits light and has light reflective

characteristics, wherein

the light reflective member is arranged so as to extend in the light radiation
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direction symmetrically or asymmetrically with respect to a central line of the LED

element,

the converging reflective surface of the light reflective member includes

a light directivity forming surface that causes light emitted from the

LED element to have light directivity and to radiate from the LED lighting tube to the

outside of the tube through the total luminous flux transparent plate, and

a pseudo LED element forming surface that reflects a pseudo LED

element of the LED element, and

the pseudo LED element of the LED element arranged on the substrate is

reflected on the pseudo LED element forming surface when the LED element is seen

from a direction of the light radiated from the LED element arranged on the substrate.

3. A light-emitting diode type lighting device, comprising:

an LED lighting tube that includes a total luminous flux transparent plate

arranged in a light radiation direction;

an LED element disposed on a substrate in the LED lighting tube so as to face
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the total luminous flux transparent plate; and

a light reflective member including a converging reflective surface that is

arranged on a side from which the LED element emits light and has light reflective

characteristics, wherein

the light reflective member includes a first light reflective member and a

second light reflective member,

the first light reflective member includes the converging reflective surface that

is arranged on the side from which the LED element emits light and has the light

reflective characteristics,

the first light reflective member is arranged so as to extend in the light

radiation direction symmetrically or asymmetrically with respect to a central line of the

LED element,

the converging reflective surface of the first light reflective member includes

a light directivity forming surface that causes light emitted from the

LED element to have light directivity and to radiate from the LED lighting tube to the

outside of the tube through the total luminous flux transparent plate, and
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a pseudo LED element forming surface that reflects a pseudo LED

element of the LED element, and

the second light reflective member including a converging reflective surface

reflective surface that is arranged to face the total luminous flux transparent plate in the

lighting tube and has light reflective characteristics is provided,

the second light reflective portion is arranged outward in a wide-angle direction

from the end of the first reflective member along the shape of the total luminous flux

transparent plate,

the second light reflective member includes a light confining means for

confining the light emitted from the LED element in the total luminous flux transparent

plate and/or a space between the total luminous flux transparent plate and the light

reflective member, the light then being radiated to the outside of the tube through the

total luminous flux transparent plate, and

the pseudo LED element installed on the substrate is reflected on the pseudo

LED element forming surface when the light is radiated to the outside of the lighting

tube.
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4. A light-emitting diode type lighting device, comprising:

an LED lighting tube that includes a total luminous flux transparent plate

arranged in a light radiation direction;

an LED element disposed on a substrate in the LED lighting tube so as to face

the total luminous flux transparent plate; and

a light reflective member including a converging reflective surface that is

arranged on a side from which the LED element emits light and has light reflective

characteristics, wherein

the light reflective member includes a first light reflective member and a

second light reflective member,

the first light reflective member includes the converging reflective surface that

is arranged on the side from which the LED element emits light and has the light

reflective characteristics,

the first light reflective member is arranged so as to extend in the light

radiation direction symmetrically or asymmetrically with respect to a central line of the
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LED element,

the converging reflective surface of the first light reflective member includes

a light directivity forming surface that causes light emitted from the

LED element to have light directivity and to radiate from the LED lighting tube to the

outside of the tube through the total luminous flux transparent plate, and

a pseudo LED element forming surface that reflects a pseudo LED

element of the LED element, and

the second reflective member including a converging reflective surface that is

arranged to face the total luminous flux transparent plate in the lighting tube and has

light reflective characteristics is provided,

the second reflective member is arranged outward in a wide-angle direction

from the end of the first reflective member along the shape of the total luminous flux

transparent plate,

the second light reflective member includes a light confining means for

confining the light emitted from the LED element in the total luminous flux transparent

plate and/or a space between the total luminous flux transparent plate and the reflective
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member, the light then being radiated to the outside of the tube through the total

luminous flux transparent plate, and

the pseudo LED element of the LED element arranged on the substrate is

reflected on the pseudo LED element forming surface when the LED element is seen

from a direction of the light radiated from the LED element arranged on the substrate.

5. The light-emitting diode type lighting device according to any one of claims 1

to 4, wherein the light-emitting diode type lighting device is arranged in a position that

does not interfere with the light emitted from the LED element.

6. The light-emitting diode type lighting device according to any one of claims 1

to 5, wherein a cylindrical tube body that includes a locking portion for locking the light

reflective member is provided.

7. The light-emitting diode type lighting device according to any one of claims 1

to 5, wherein the light reflective member is made of a resin member.
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8. The light-emitting diode type lighting device according to claim 3 or 4,

wherein a third light reflective member that connects the first light reflective member

and the second light reflective member is provided.

9. The light-emitting diode type lighting device according to claim 3 or 4,

wherein the pseudo LED element forming surface is formed to be defined by a total

reflectance of the first reflective member, an angle of elevation of the first reflective

member, and an interval between an arrangement end of the LED element and the first

reflective member.

10. The light-emitting diode type lighting device according to claim 3 or 4,

wherein the first light reflective member has an angle of elevation set from 50 degrees

to 75 degrees with respect to the substrate.

11. The light-emitting diode type lighting device according to claim 3 or 4,
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wherein a length of an interval between an arrangement end of the LED element and the

converging reflective surface of the light reflective member is set from 0.1 mm to 5.0

mm, an angle of elevation of the substrate surface is set from 50 degrees to 75 degrees,

and a height of the first light reflective member is five or more times as large as a width

of the LED element and is preferably set to 10 mm to 20 mm.

12. The light-emitting diode type lighting device according to claim 3 or 4,

wherein at least one of a total reflectance of the light reflective surface, an angle of

elevation of the first light reflective member, and a length of an interval between an

arrangement end of the LED element and the converging reflective surface of the

reflective member is changed to change the number of the pseudo LED elements

reflected on the pseudo LED element forming surface to project the pseudo LED

element forming surface.

13. The light-emitting diode type lighting device according to claim 3 or 4,

wherein the second reflective member and/or the total luminous flux transparent plate
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have/has a recessed portion for confining light.

14. The light-emitting diode type lighting device according to claim 3 or 4,

wherein the total luminous flux transparent plate has a total total luminous flux

transparent plate of greater than or equal to 95%.

15. The light-emitting diode type lighting device according to claim 3 or 4,

wherein a total reflectance of the light reflective member is defined by greater than or

equal to 80%.

16. The light-emitting diode type lighting device according to claim 3 or 4,

wherein the light reflective surface of the first light reflective member includes the light

directivity forming surface and the pseudo LED element forming surface having

different total reflectances and/or shapes.

17. The light-emitting diode type lighting device according to any one of claims 1
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to 4, wherein the second light reflective member includes a heat sink.

18. The light-emitting diode type lighting device according to any one of claims 1

to 4, wherein the light-emitting diode type lighting device is a straight-tube light-

emitting diode type lighting device.

19. An electronic device, comprising the light-emitting diode type lighting device

according to any one of claims 1 to 18.

20. A plant factory, comprising the light-emitting diode type lighting device

according to any one of claims 1 to 18.

21. An LED sign, comprising the light-emitting diode type lighting device

according to any one of claims 1 to 18.
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