
US 20020006040A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0006040 A1 

Kamada et al. (43) Pub. Date: Jan. 17, 2002 

(54) LED LUMINAIRE WITH LIGHT CONTROL (30) Foreign Application Priority Data 
MEANS 

Nov. 25, 1997 (JP) . . . . . . . . . . . .. 9-322626 

(76) Inventors: Kazuo Kamada, Osaka (JP); Shoichi Nov. 25, 1997 (JP) . . . . . . . . . . . .. 9-323550 

Koyama, Osaka (JP); Nobuyuki Asahi, Nov. 25, 1997 (JP) ........................................... .. 9-323551 
Osaka (JP); Toshiyuki Suzuki, Nara-shi 
(JP); Eiji Shighama, Osaka (JP); Publication Classi?cation 
Masaru Sugimoto, Osaka (JP); Shohei 

Yamamoto, Osaka Jiro IIlt. Cl-7 ...................................................... .. Hashizume, Osaka Taishi U-S- Cl- .......................................... .. Akiniwa, Osaka (JP); Takashi Tanaka, 

Osaka (JP) (57) ABSTRACT 

Correspondence Address: LED luminaire is formed such that a plurality of LED 
John H_ Lynn chips are disposed three-dimensionally on an MID (molded 
Suite F 200 interconnection device) substrate in a rectangular plate 

2915 Redh?] Ave_ shape, by (rinounting 1511361 LE]?l chips can bottom face of 
respective ents provi e engt Wise an crosswise in one 

Costa Mesa’ CA 92626 (Us) surface of the MID substrate, the LED chips including at 

(21) APPL NO: 09 $95,354 least tWo types diffferent in luminous color, desirably three 
types of red, blue and green colors. Any optional light 

(22) Filed; Jun_ 29, 2001 distribution characteristic is made thereby easily obtainable 
depending on a con?guration of the substrate, luminaire 

Related US, Application Data module can be thinned, and such delicate color difference as 
White color and day-light color of luminescent lamps is 

(63) Continuation of application No. 09/199,893, ?led on enabled by miXing the luminous colors of the respective 
Nov. 25, 1998. LED chips. 

M H 15 HQ 1214 H 
12 l4 i4 12 

10 
HO 



Patent Application Publication Jan. 17, 2002 Sheet 1 0f 17 US 2002/0006040 A1 

FIG‘! 

F164 





Patent Application Publication Jan. 17, 2002 Sheet 3 0f 17 US 2002/0006040 A1 

F l G. 5 

f 

1 0A 1 

1 



Patent Application Publication Jan. 17, 2002 Sheet 4 0f 17 US 2002/0006040 A1 

FIG.7C1 

Skd S b/Q > 
ll/ 

,6 GYGY MIIRHRRRB GYGY Y RBRBRR SAGYGY Y RRRRRR A S 

S 

[/6 Yllw .m/,R Br/m 

H68 



Patent Application Publication Jan. 17, 2002 Sheet 5 0f 17 US 2002/0006040 A1 

44’ FIG.9 



Patent Application Publication Jan. 17, 2002 Sheet 6 0f 17 US 2002/0006040 A1 

FIG. I2 

LIGHT EMITTING DIRECTION 

FIG. 13 

LIGHT EMITTING DIRECTION 

FIG. 14 

I 

UVQM/?é 1O 
V////////////////-fc 
{3%575/ 

///////////// 
[:izmf/m ,MIO 



Patent Application Publication Jan. 17, 2002 Sheet 7 0f 17 US 2002/0006040 A1 

10G 

10 

Fl (5. 15d 
FlG.15b 

1 

ii 



Patent Application Publication Jan. 17, 2002 Sheet 8 0f 17 US 2002/0006040 A1 

10 

2%» '/ 
28 \nm/ ' 

28 

FIG.16 

FIG. 17 

36 
\ ' ‘O 

FIG.18 
LIGHT EMISSION 

3 

Ma?” 3 
W 



Patent Application Publication Jan. 17, 2002 Sheet 9 0f 17 US 2002/0006040 A1 

FIG.19 24G 

11b\h\\u\\\\\;\\\\\\\\\\\\\\\K;]t; \\ P P / 10 

1a ' N N 

/ 
/ / 

1O 24 10¢ 

FIG. 20 

l/o I 4 
P\\ T 

,N \ IO 



Patent Application Publication Jan. 17, 2002 Sheet 10 0f 17 US 2002/0006040 A1 

FIG.21<1 
| 

5 T ‘b 14 
33 I 33 FIG. 21b 

P N [O I ID 

I I0 
33 

33 

FIG. 22a 

I 
'“\ w/lb FlG.22b 

P N I l 

IO / N 
In P 

33A 

33A 



Patent Application Publication Jan. 17, 2002 Sheet 11 0f 17 US 2002/0006040 A1 

FIG. 23 

FIG. 24a 

FIG. 24b 

STRENGTH 'U 



Patent Application Publication Jan. 17, 2002 Sheet 12 0f 17 US 2002/0006040 A1 

FIG. 25 

FIG. 26 

I/IGA 
if! 

/ 
/ 

g; 

/ 

/ 

I5 ‘4 ‘65 I4 I68 

Y 

r/ 
L 

w 
I 

FI G. 27 

[\t' 
ISA/E 



Patent Application Publication Jan. 17, 2002 Sheet 13 0f 17 US 2002/0006040 A1 



Patent Application Publication Jan. 17, 2002 Sheet 14 0f 17 US 2002/0006040 A1 

FIG.37 



Patent Application Publication Jan. 17, 2002 Sheet 15 0f 17 US 2002/0006040 A1 

3 3 G. F 

FIG.34 





Patent Application Publication Jan. 17, 2002 Sheet 17 0f 17 US 2002/0006040 A1 

27d FIG. 38 

27c 

H 

F1639 

FIG. 40 
10G 10G 10C! 10 



US 2002/0006040 A1 

LED LUMINAIRE WITH LIGHT CONTROL 
MEANS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an LED luminaire formed 
With a plurality of light emitting diodes (LED) on a sub 
strate. 

DESCRIPTION OF RELATED ART 

[0002] Conventionally, luminaires employing candescent 
lamp or luminescent lamp as light source have been radiated 
infared and ultraviolet rays in addition to visible rays, and 
such other rays than the visible rays have been often 
affecting ill such objects irradiated as art objects, foodstuffs 
and so on. Further, in these luminaires, the light source, i.e., 
the lamp has its oWn life and is required to be eXchanged for 
neW one. 

[0003] Recently, a light emitting diode (LED) of a high 
luminance has been suggested, and there have been used 
luminaires made not to radiate such harmful rays as the 
infrared, ultraviolet and the like rays, by means of such high 
luminance LED in a simple unit or, in particular, a modu 
lation of a plurality of LED’s mounted on an LED discrete 
substrate. These LED luminaires are advantageous in that 
the life is prolonged as compared With such light sources as 
the candescent and ?uorescent lamps, the lamp eXchange or 
the like maintenance is freed, and handling ability is eXcel 
lent. 

[0004] While the LED luminaires have such various 
advantages as in the above, they still have such draWbacks 
as Will be referred to in the folloWings. That is, LED is a 
single Wavelength (single color) so as not to be able to obtain 
the White color, and LED is also strong in the directivity of 
light so that LED’s of different Wavelength (luminous color) 
and mounted on the same substrate as admiXed Will be 
unable to be miXed fully in their respective colors so as not 
to be able to easily obtain the White color light source but 
rather to cause, in particular, a shadoW of the irradiated 
object to appear in rainboW colors. Accordingly, it is impos 
sible to realiZe the delicate color difference betWeen the 
White and daylight colors, as in the case of the luminaire 
employing the ?uorescent lamp as the light source. Further, 
When LED’s are mounted on the substrate at a high density, 
heat generation at the respective LED’s Will result in an 
elevated temperature, so as to render the luminous efficacy 
and luminance to be deteriorated, and the life of the respec 
tive LED’s to be shortened. Since LED is large in its height 
dimension, further, it has been a remarkable trouble When 
the thinning of the device is intended. 

[0005] For a related art of the kind referred to, a Japanese 
Utility Model Laid-Open Publication No. 4-92660 of 
Machida et al. discloses an LED luminaire in Which LED’s 
are arranged horiZontally on a mounting plane of the sub 
strate, With Which arrangement, hoWever, the light emitted 
by these LED’s is limited only to be in vertical direction 
With respect to the mounting plane of the substrate, to be 
troublesome in the controllability of distribution of light. A 
Japanese Patent Laid-Open Publication No. 1-283883 of 
Ikeda discloses a resin molding of a substrate for mounting 
LED’s but this substrate still has been unable to realiZe a 
desired control of the distribution of light. 
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SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to overcome 
the foregoing problems, and to provide an LED luminaire 
capable of easily attaining a desired distribution of light and 
of being thinned. 

[0007] According to the present invention, this object can 
be realiZed by means of an LED luminaire comprising a 
substrate formed to have at least one of a plurality of dents 
and a plurality of protrusions, and a plurality of light 
emitting diodes disposed With respect to each of at least one 
of the plurality of the dents and a plurality of the protrusions. 

[0008] Other objects and advantages of the present inven 
tion shall become clear as the description advances With 
reference to preferred embodiments of the invention shoWn 
in accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a sectioned vieW of the LED luminaire in 
an embodiment according to the present invention; 

[0010] 
FIG. 1; 

[0011] FIG. 3 is a fragmentary, schematic sectioned vieW 
of another embodiment of the present invention; 

FIG. 2 is a perspective vieW of the luminaire in 

[0012] FIG. 4 is a perspective vieW of the luminaire 
employing the embodiment of FIG. 3, With part thereof 
shoWn as removed; 

[0013] FIG. 5 is a fragmentary, schematic sectioned vieW 
of further embodiment of the present invention; 

[0014] FIG. 6 is a perspective vieW similar to FIG. 2 of 
another embodiment of the present invention; 

[0015] FIG. 7a is an explanatory vieW for the arrangement 
of 1 cell in the embodiment of FIG. 6; 

[0016] FIG. 7b is an explanatory vieW for the arrangement 
in a module comprising a plurality of cells in the embodi 
ment of FIG. 6; 

[0017] FIG. 8 is a fragmentary, schematic perspective 
vieW of further embodiment of the present invention; 

[0018] FIGS. 9-12 are fragmentary, schematic sectioned 
vieWs shoWing other embodiments respectively of the 
present invention; 

[0019] FIG. 13 is a schematic sectioned vieW of the 
embodiment of FIG. 12; 

[0020] FIG. 14 is a schematic plan vieW of the embodi 
ment shoWn in FIG. 10 of the present invention; 

[0021] FIG. 15a is a fragmentary sectioned vieW as mag 
ni?ed of another embodiment of the present invention; 

[0022] FIG. 15b is a front vieW of the embodiment of 
FIG. 15a; 

[0023] FIG. 15c is a cross sectioned vieW of the embodi 
ment of FIG. 15a; 

[0024] FIG. 15d is a vertically sectioned vieW of the 
embodiment of FIG. 15a; 

[0025] FIG. 16 is a fragmentary, schematic sectioned vieW 
of another embodiment of the present invention; 
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[0026] FIG. 17 is a fragmentary, schematic side vieW of 
another embodiment of the present invention; 

[0027] FIGS. 18 and 19 are fragmentary sectioned vieWs 
as magni?ed of respective further embodiments of the 
present invention; 

[0028] FIG. 20 is an explanatory vieW for the operation of 
another embodiment of the present invention; 

[0029] FIG. 21a is a fragmentary, schematic sectioned 
vieW of another embodiment of the present invention; 

[0030] FIG. 21b is a fragmentary, schematic sectioned 
vieW of another embodiment of FIG. 21a; 

[0031] FIG. 22a is a fragmentary, schematic sectioned 
vieW in another aspect of the above; 

[0032] FIG. 22b is a fragmentary, schematic perspective 
vieW of the aspect in FIG. 22a; 

[0033] FIG. 23 is a fragmentary sectioned vieW as mag 
ni?ed of further embodiment of the present invention; 

[0034] FIG. 24a is a fragmentary, schematic sectioned 
vieW of another embodiment of the present invention; 

[0035] FIG. 24b is an explanatory vieW for the relation 
ship betWeen the Wavelength and the intensity of light in the 
embodiment of FIG. 24a; 

[0036] FIGS. 24 and 25 are fragmentary, schematic sec 
tioned vieWs respectively of another embodiments of the 
present invention; 

[0037] FIG. 26 is a fragmentary, schematic sectioned vieW 
of further embodiment of the present invention; 

[0038] FIG. 27 is a schematic plan vieW of the embodi 
ment of FIG. 26; 

[0039] FIGS. 28-33 are fragmentary, schematic sectioned 
vieWs respectively of further embodiments of the present 
invention; 
[0040] FIG. 34 is a fragmentary, schematic side vieW of 
the embodiment of FIG. 33; 

[0041] FIG. 35 is a schematic perspective vieW, similar to 
FIG. 1, of another embodiment of the present invention; 

[0042] FIG. 36 is a fragmentary circuit diagram of the 
embodiment of FIG. 35; 

[0043] FIG. 37 is a schematic perspective vieW as disas 
sembled of another embodiment of the present invention; 
and 

[0044] FIGS. 38-40 are fragmentary, schematic sectioned 
vieWs respectively of further embodiments of the present 
invention. 

[0045] While the present invention shall noW be described 
With reference to the respective embodiments shoWn in the 
draWings, it should be appreciated that the intention is not to 
limit the invention only to these embodiments shoWn but 
rather to include all alterations, modi?cations and equivalent 
arrangements possible Within the scope of appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0046] In FIGS. 1 and 2, there is shoWn an embodiment 
of the present invention, in Which a three-dimensional 
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circuit substrate 10 in the form of a molded interconnect 
device (MID), in a rectangular plate shape is formed to have 
in one surface many dents 11 arranged lengthWise and 
crossWise, and preferably three light emitting diode ele 
ments (Which shall be hereinafter referred to as “LED chip”) 
1 are mounted to a part or most part of a bottom, side or so 
face of each dent 11. 

[0047] Next, manufacturing steps of the above substrate 
10 shall be described. An insulative base is formed through 
an injection molding With such electrically insulative mate 
rial as polyimide, polyether imide, polyamide, liquid crystal 
polymer and the like, or ceramics, for example, A1203, SiC, 
Si3N4, ZrO2 and the like, and the insulative base is made into 
a three-dimentional con?guration by providing the dents 11 
at mounting positions of the LED chips 1. 

[0048] After subjecting this insulative base to an alkali 
degreasing, its surfaces are plasma-processed to activate the 
surfaces and to ?nely rougthen them. Thereafter, a metal 
?lm, that is, a plating ground layer of copper, silver, gold, 
nickel, platinum, paradium or the like is formed on the 
surfaces of the insulative base, by means of sputtering, 
vacuum evaporation or the like. This metal ?lm should 
preferably be of a thickness of about 0.1 to 2.0 pm. 

[0049] Then, such electromagnetic Wave as laser or the 
like is radiated to partly remove the metal ?lm. For this laser, 
a second harmonic generation YAG laser, YAG laser, exci 
mer laser or the like is preferable. By scanning the laser 
beam by means of a galvanomirror, other parts than circuit 
parts 12 on Which a circuit is formed on the surface of the 
insulative base, that is, non-circuit parts 13 forming insu 
lating space betWeen the circuit parts 12 are irradiated, and 
the metal ?lm in boundary Zone betWeen the circuit parts 12 
and the non-circuit parts 13 is to be removed by radiating the 
laser beam along a pattern of the non-circuit parts 13, With 
respect to at least the boundary Zone of the non-circuit parts 
13 With respect to the circuit parts 12. 

[0050] Next, an electric copper plating is performed 
through, for example, a copper sulfate plating bath (copper 
sulfate 80 g/l, sulfuric acid 180 g/l, chlorine and a brightner) 
While supplying an electric poWer to the circuit parts 12, an 
electric nickel plating is performed With, for example, a 
Watts bath (nickel surfate 270 g/l, nickel chloride 50 g/l, 
boric acid 40 g/l and a brightner) , an electric gold plating 
is performed With, for example, articles sold as TEMPEREX 
401 of a ?rm EEJA, and a circuit substrate on Which metal 
?lms of a predetermined thickness, that is the three-dimen 
sional circuit substrate 10 is obtained. Residual metal ?lms 
at the non-circuit parts 13 may be removed as required, by 
means of a soft etching or the like. 

[0051] The LED chips 1 are mounted in the dents 11 of the 
substrate 10 obtained through the foregoing process, and the 
circuit parts 12 and LED chips 1 are electrically connected 
(die-bonding) With an electrically conductive adhesive. 
Thereafter, top electrodes of the LED chips 1 and the circuit 
parts 12 are connected through gold Wires (Wire-bonding). 
Inner surface 11a of the dents 11 in Which the LED chips 1 
are mounted is mirror-?nished to render the dents to act also 
as a re?ector, so that a high luminance and a high ef?ciency 
can be attained. Next, a transparent resin is charged in the 
dents 11 to seal the LED chips 1. At this time, the substrate 
10 should preferably be provided With a dam for preventing 
the transparent resin from ?oWing out of the dents 11. 






















