a2 United States Patent

Kawano et al.

US006404131B1

(10) Patent No.:
5) Date of Patent:

US 6,404,131 B1
Jun. 11, 2002

(54) LIGHT EMITTING DISPLAY

(75) Inventors: Tai Kawano; Hidetoshi Yarita, both of
Kyoto; Kazuo Kobayashi, Wakayama,
all of (JP)

(73) Assignees: Yoshichu Mannequin Co., Ltd.,
Kyoto; Kazou Kobayashi, Wakayama,
both of (JP)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No.: 09/634,997

(22) Filed: Aug. 8, 2000
(30) Foreign Application Priority Data
AUg. 9, 1999 (TP) oo 11-224962
(51) Int. CL7 oo, B60Q 1/02
(52) US.Cl oo, 315/82; 315/76; 362/800,
362/245
(58) Field of Search ............ccccccce.ce. 315/291, 76, 82,

315/169.3; 313/513, 116; 362/310, 355,
245, 241, 305, 307, 800

(56) References Cited
U.S. PATENT DOCUMENTS

5,128,843 A * 7/1992 Guritz ....ccceeeveeeeeeenn.
5,604,480 A * 2/1997 Lamparter ......
5,632,551 A * 5/1997 Roney et al. ....

5,966,393 A * 10/1999 Hide et al. ........cceeenne 372/23

* cited by examiner

Primary Examiner—Haissa Philogene

Assistant Examiner—Ephrem Alemu

(74) Antorney, Agent, or Firm—Wenderoth, Lind & Ponack,
LLP.

(7) ABSTRACT

A light emitting display includes a display body made of a
light diffusing resin material which comprises a transparent
resin doped with a light diffusing material, and an LED lamp
having an LED chip encapsulated in a mold member made
of a light transmissive material and embedded in the display
body with its top facing a front side of the display body. A
light reflective surface is disposed on a rear side of the
display body to face the front side, and the LED lamp is
covered at its top with a light reflective coating.
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1
LIGHT EMITTING DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting display
having an LED lamp as a light source. The term “LED” in
this specification means a light emitting diode.

2. Description of the Related Art

It is common to use LEDs in the form of LED lamps
which have LED chips (light emitting diodes) enclosed in a
mold member.

FIG. 24 is a perspective view showing a conventional
LED lamp and FIG. 25 is a schematic cross sectional view
of the LED lamp shown in FIG. 24. In FIG. 25, the hatching
for expressing the cross section of a mold member is not
illustrated.

The conventional LED lamp 2 has an LED chip § dis-
posed in a reflector dish 4 mounted to the uppermost end of
a cathode 3. The LED chip § is electrically connected by a
bonding wire 7 to an anode 6. Those components are
enclosed in a mold member 8 made of a cylindrical solid
form of a transparent material such as epoxy resin.

The top 8a of the mold member 8 of the LED lamp 2 is
arranged to form a convex lens of a semi-spherical shape. A
pair of lead terminals 9 extending from the cathode 3 and the
anode 6 respectively are projected outwardly from the
bottom 8b of the mold member 8. The reflector dish 4 has a
concave surface thereof provided in an inverted conical
shaped recess of the upper side of the cathode 3.

In action, as light of a color attributed to the LED chip
material is emitted from the LED chip 5 of the LED lamp 2,
it is reflected on the surface of the reflector dish 4 to the
front, converged by the lens effect of the top 84, and radiated
to the front. This allows the light to hardly radiate from the
bottom 8b and side 8c of the mold member 8. The light
radiated from the top 8a is in the form of parallel rays which
are slightly dispersed towards the downstream as denoted by
the arrows in FIG. 25.

It is known that such an LED lamp as described above is
installed in a display body made of a light diffusing resin
which comprises a transparent resin doped with a light
diffusing material so that light emitted by the LED lamp can
radiate from a surface (a light emitting side) of the display
body. A characteristic example of the conventional light
emitting display is disclosed in Japanese Patent Laid-open
Publication (Heisei)1-199513 of the Patent Office in Japan.

However, the conventional light emitting display has a
disadvantage that light from the LED lamp is diffused by the
action of the light diffusing material as it runs through the
display body and when the distance from the top of the LED
lamp to the light emitting display surface is short, its
diffusion is minimized. This causes the illumination to be
varied, brighter in a central region at the top of the LED
lamp and darker in the surrounding area.

On the other hand, when the distance from the top of the
LED lamp to the light emitting display surface is long, the
diffusion of light is relatively satisfied but the intensity of
light emitted from the LED lamp is significantly attenuated
before reaching the light emitting display surface. Therefore,
conventional light emitting display can become dimmed.

Also, as the color of light to be emitted from the light
emitting display surface of the conventional light emitting
display is strictly determined by the characteristics of the
LED lamp as the light source, its variation can hardly be
permitted even if desired. It is hence simple and monotonous
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2

when a set of the conventional light emitting displays are
used for illumination of objects such as in a show-window.

SUMMARY OF THE INVENTION

The present invention has been developed in view of the
above aspects and its object is to provide a light emitting
display which has an LED lamp as the light source and
allows its light emitting display surface to illuminate at
uniform brightness throughout the area.

It is another object of the present invention, in addition to
the above object, to provide a light emitting display which
allows its light emitting display surface to illuminate in
different colors regardless of the color of light emitted from
its LED lamp.

For achievement of the above object, a light emitting
display according to the present invention comprises a light
emitting display surface made of a light diffusing resin
material which comprises a transparent resin doped with a
light diffusing material, an LED lamp having an LED chip
encapsulated in a mold member made of a light transmissive
material and disposed behind the light emitting display
surface with its top facing the light emitting display surface,
and a light reflective surface disposed at the rear of the LED
lamp to face the light emitting display surface, and in which
the LED lamp is covered at its top with a light reflective
coating. During operation of the light emitting display, light
emitted from the LED lamp is reflected on the inner surface
of the light reflective coating on the top of the LED lamp,
then reflected again on the light reflective surface behind the
LED lamp, and radiated outwardly from the light emitting
display surface made of the light diffusing resin material and
disposed in front of the LED lamp. Accordingly, the diffu-
sion of emitted light can be enhanced so as to allow the light
emitting display surface to illuminate substantially at uni-
form brightness throughout its area.

Also, a light emitting display is provided comprising a
display body made of a light diffusing resin material which
comprises a transparent resin doped with a light diffusing
material, an LED lamp having an LED chip encapsulated in
a mold member made of a light transmissive material and
embedded in the display body with its top facing a front side
of the display body, and a light reflective surface disposed on
a rear side of the display body to face the front side, and in
which the LED lamp is covered at its top with a light
reflective coating.

Accordingly, the light emitting display can be reduced in
the thickness and also allow the display body to illuminate
substantially at uniform brightness throughout its surface.

Moreover, a light emitting display is provided comprising
a casing with a front plate made of a light diffusing resin
material which comprises a transparent resin doped with a
light diffusing material, an LED lamp having an LED chip
encapsulated in a mold member made of a light transmissive
material and mounted in the casing with its top facing the
front plate, and a light reflective surface disposed behind the
LED lamp on the casing to face the front plate, and in which
the LED lamp is covered at its top with a light reflective
coating. Accordingly, the pitch between any two adjacent
LED lamps can be increased so as to allow the display body
to illuminate substantially at uniform brightness throughout
its surface.

Alternatively, the light reflective coating covering the top
of the LED lamp may be made of a film of an opaque paint.
This permits the light reflective coating to be formed easily
and efficiently.

Preferably, the paint coating may be a film of a white color
paint. This allows the light emitting display surface to
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illuminate at higher brightness. In addition, the LED lamp
can hardly be identified when viewed from the outside.

Alternatively, the LED lamp may have a white-light LED
chip and its mold member is covered at the outer surface,
excluding at least the top, with a light transmissive tinted
coating.

Preferably, the LED lamp may have a white-light LED
chip encapsulated in a mold member made of a light
transmissive, tinted material. This allows the illumination of
a favorable intermediate tone of color which is hardly
realized with any conventional LED chip.

Each of the above light emitting displays may be modified
with a plurality of the LED lamps which are classified into
at least two different types for emitting two different colors
of light and arrayed in a combination at equal intervals of a
distance or pitch. Accordingly, when the LED lamps are
connected to a controller circuit for switching on and off
each color group of the LED lamps, the light emitting
display can shift the display of illumination from one color
to another.

Alternatively, each of the above light emitting displays
may be modified with a plurality of the LED lamps which
are classified into a red color LED lamp, a green color LED
lamp, and a blue color LED lamp and arrayed in a prede-
termined arrangement. This allows the light emitting display
to produce a white color of light in addition to a desired
combination of any two colors.

Preferably, each of the above light emitting displays may
be modified so that a plurality of the LED lamps, each lamp
being a three-color LED lamp having a red color LED chip,
a green color LED chip, and a blue color LED chip encap-
sulated in a single mold member, are provided and arrayed
at equal intervals of a distance or pitch. Accordingly, the
number of LED lamps can be decreased as compared with
each LED lamp having a corresponding LED chip.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view of an LED lamp employed in
embodiments of the present invention;

FIG. 2 is a schematically longitudinally cross sectional
view of the LED lamp shown in FIG. 1;

FIG. 3 is an explanatory view illustrating one step of
coating the top of the LED lamp with a film;

FIG. 4 is a perspective view of a light emitting display
according to Embodiment 1 of the present invention;

FIG. § is a longitudinally cross sectional view of the light
emitting display shown in FIG. 4;

FIG. 6 is a schematic front view of a light emitting display
according to Embodiment 2 of the present invention;

FIG. 7 is an enlarged cross sectional view taken along the
line I—I of FIG. 6;

FIG. 8 is a schematic front view of a light emitting display
according to Embodiment 3 of the present invention;

FIG. 9 is an enlarged cross sectional view taken along the
line II—II of FIG. §;

FIG. 10 is a longitudinally cross sectional view of an LED
lamp employed in Embodiment 4 of the present invention;

FIG. 11 is a schematic front view of a light emitting
display according to Embodiment 4 of the present invention;

FIG. 12 is a partially unshown enlarged cross sectional
view taken along the line III—III of FIG. 11;

FIG. 13 is a longitudinally cross sectional view of another
LED lamp employed in Embodiment 4 of the present
invention;
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FIG. 14 is a schematic front view of a light emitting
display according to Embodiment 5 of the present invention;

FIG. 15 is a partially cross sectional side view of the light
emitting display shown in FIG. 14;

FIG. 16 is a partially unshown enlarged cross sectional
view taken along the line IV—IV of FIG. 14;

FIG. 17 is an explanatory view illustrating an arrange-
ment of LED lamps in Embodiment 5 of the present inven-
tion;

FIG. 18 is a circuit diagram of a power supply used in the
light emitting display shown in FIG. 14;

FIG. 19 is a schematic front view of a light emitting
display according to Embodiment 6 of the present invention;

FIG. 20 is a partially unshown enlarged cross sectional
view taken along the line V—V of FIG. 19;

FIG. 21 is a schematic front view of a three-color LED
lamp employed in Embodiment 7 of the present invention;

FIG. 22 is a schematic front view of a light emitting
display according to Embodiment 7 of the present invention;

FIG. 23 is a partially unshown enlarged cross sectional
view taken along the line VI—VI of FIG. 22;

FIG. 24 is a perspective view of a conventional LED
lamp; and

FIG. 25 is a schematically cross sectional view of the
LED lamp shown in FIG. 24.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The embodiments of the present invention will be
described referring to the relevant drawings. It should be
understood that the present invention is not limited to the
following embodiments.

Embodiment 1

An LED lamp employ is first explained referring to FIGS.
1 and 2. As shown in FIG. 2, the hatching for illustrating the
cross section of a mold member and the arrangement of
bonding wires are not illustrated for simplification.

The LED lamp 2a has a top 8a (like the LED lamp 2
shown in FIGS. 24 and 25) covered with a light reflective
coating 10. The other arrangement excluding the light reflec-
tive coating 10 is identical to that of the previous LED lamp
2. More particularly, a reflector dish 4 located at an upper-
most portion of a cathode 3 is recessed to substantially an
inverted conical shape, and an LED chip § is disposed in the
reflector dish 4. The LED chip § is electrically connected by
a bonding wire 7 to an anode 6. Those components are then
enclosed by a mold material 8 of substantially a cylindrical
solid form of a transparent material so that the LED chip 5§
and the others are sealed off from the outside air. The
material of the mold member 8 may preferably be a glass or
a transparent resin which has superior resistance to climate
such as epoxy resin, urea resin, or silicon resin.

The top 8a of the mold member 8 of the LED lamp 24 is
arranged to shape a semi-spherical convex lens. A pair of
lead terminals 9 extending downwardly from the cathode 3
and the anode 6 respectively are projected outwardly from
the bottom 8b of the mold member 8. When the paired lead
terminals 9 are impressed with a direct-current voltage, the
LED chip 5 emits light of a color attributed to its material.

The material and shape of the light reflective coating 10
which covers the top 8a of the LED lamp 2a are not limited.

For example, a light reflective metal or synthetic resin can
be shaped to a cap form matching the external configuration
of the top 8a and bonded by an adhesive or the like to the
top 8a of the LED lamp 24 to serve as the light reflective
coating 10.
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However, for ease of the fabrication and its close adhe-
sivity to the top 8a of the mold member 8, the light reflective
coating 10 is preferably provided in the form of a layer of an
opaque paint.

6

11a is covered at the rear side 115 (the back of the LED lamp
24) and a lower half of each side 11c¢ with a light reflective
coating 16. In Embodiment 1, the light reflective coating 16
is arranged to form a light reflective case 16a of a top-
opened square box like shape made of an opaque, white

More specifically, this layer can be applied by, as shown 3 . . . .
in FIG. 3, filling an appropriate container 18 with an opaque §ynthet1c resin. In other Words, the dlsplay body 11 is
paint 19 such as a coloring agent with pigment, holding the installed and supported. by the light .reﬂectlve case 16a. The
LED lamp 2 upside down, dipping its top 8a into the opaque E? g;(;g; rzrtls ttﬁl: lf;lltr rselg:::itiovfe tgg agﬁgt fg flective case 16a
paint 19, drying and solidifying a coating of the opaque paint As a function of the present invention .the inner wall of
19 on t.he top Sa to fabricate the LED larqp 2a (with the light 10 the bottom of the light reflective case 1,6a acts as a light
reflective coating 10). For. mass production, an array of the reflective surface 17a opposite to the front side 11a (the light
LED lamps can automatically be held upside down and  ¢pjgting display surface) and the rear side 115 of the display
immersed at their top into an opaque paint bath by the action  pody 11. Similarly, the inner walls of the four side of the
of a machine, hence increasing the productivity. light reflective case 16a act as light reflective surfaces 17b

The color of the opaque paint 19 is not limited to a 15 covering the lower half of the four sides 1lc of the display
particular color but may preferably be thin gray, silver, or, ~ body 11.
more preferably, white which exhibit a higher reflectivity. During operation of the light emitting display 1 of
With the light reflective coating 10 of a white paint, the light ~ Embodiment 1, when a forward voltage from the lead line 14
emitting display surface of the light emitting display of the is applied between the cathode 3 and the anode 6 of the LED
present invention can illuminate at a higher brightness. Also, 2° lamp 24, the LED chip 5 emits light of a color attributed to
the light reflective coating 10 of the white paint permits the its material. Reflected light on the surface of the reflector
LED lamp inside the light emitting display to be less visible dish 4 is then directed in the frontward direction. Upon
or hardly identified from the outside. arriving at the top 8a Qf the mold membpr 8, the light is

The above advantage of the light reflective coating 10 is 25 reﬂAe;:t;ld asaum of th? light e flective coating 10.

. . e light reflective coating 10 has a concave surface of
apphca.ble not only to .Embodl.m.ent 1.but also to the other a substantially semi-circular shape in the cross section, most
f:mbod.lments of the light emitting display of the present of the light emitted from the LED chip 5 is reflected
vention. rearwardly at angles as denoted by the arrows in FIG. 2 and

The light emitting display of Embodiment 1 employing radiated outwardly through the bottom 8b and the side 8c of
the LED lamp 2a is explained in more detail referring to 33 the mold member 8. The radiated light from the mold
FIGS. 4 and 5. member 8 is a randomly directed light as compared with

The light emitting display 1 has a display body 11 made direct light from the. prior art LED lamp 2 which is. relea.sed
of a light diffusion resin material which comprises a trans- through the top 8a in a substantially parallel relationship.
parent resin doped with a light diffusing agent 12. Most of the radiated light from the LED lamp 2a runs

As for Embodiment 1 and the other embodiments, the 35 rearwardly at angles through th,e filler 15 .and the display
transparent resin provided as a base component of the light body 11 before reaching the light r.eﬂectlve surfage 17.a
diffusion resin material of the display body 11 or particularly behind the LED lamp Z.a - As shown in FIG. 5, the light is
of a front side of the body is not limited to a specific resin. then reﬂegted once again and. runs towards the frqnt. The
This resin may be selected from acrylic resin, epoxy resin, reflected hght.ls repe.atedly diffused b,y th? light diffusing
urea resin, polycarbonate resin, and other nonopaque resins, 40 agent 12 an d d}ref:ted 1o more raqdom dlr.e ctions. As a result,
and may preferably be an acrylic resin which is less expen- the hght is distributed substantially uniformly throughout
sive and has a good workability and a higher resistance to the.d%splay. body 11 and finally relea.sed out from the light
climate. emitting display surface (the front side 114 and the upper

The light diffusing agent added to the transparent resin is half pf the four sides. 11c not cgvereq with the light reflecting
also not limited to any particular type but maybe selected 45 coating 16). of the light emlt.tmg dlSP l.a Y 1'. .
from powder forms of silicon oxide, aluminum oxide, tita- AS descrlbed above, the light emitting display 1 permits
nium oxide, and barium titanate. Alternatively, any other the light emitied fro.m the LED chip 5 to be hardly radiated
transparent resin (e.g., polyethylene) which is different in the (o the lf ronr}tcl) r the mdezlof ﬁ(lie. L%Dl.lahmp Zﬁ but tg the drear
refraction of light from acrylic resin may be used in the form at angles. 1he rearwardly radiated light 1s then reflected on
of small particles. 50 the 1.1ght rfzﬂec.tlve surface 174 and succ.:essfully dlfquf.:d.by

As the transparent resin is doped with a desirable type of :ihe lllght dlffusmgfag;: ntdlZ tl)efotr)e éea(itlnng the léghtle mmﬁng

isplay surface of the display bo . Accordingly, when
the light diffusing agent dispersed, it can act as the light thepdiztance d1 (See FIG.pS) }Erom i/he top of the LgE}]/) lamp
diffusing resin material having a milky white color and a 2a to the light emitting display surface (at the front side 11a)
level of light transmissivity. ss is as short as 10 mm, the radiated light exhibits a favorable

The display body 11 is a square block cut from a sheet of  level of diffusion. Therefore, an undesired phenomenon that
such a light diffusing resin material. The display body 11 has only a central region of the top of the lamp is intensively
a lamp accommodating pit 13 provided therein to extend illuminated can be eliminated. It is thus possible to allow the
from the rear side 115 toward the front side 11a. The LED light emitting display surface to illuminate substantially at a
lamp 2a is accommodated in the lamp accommodating pit 13 4y uniform brightness throughout its area even when the light
with its pair of lead terminals 9 cut to a length and connected emitting display 1 is significantly reduced in the thickness.
to lead lines 14. For providing water-proof and electrical Because the distance dl is narrowed to decrease the
insulation, a non-color, transparent filler 15 such as trans- overall thickness of the display body 11, the attenuation of
parent epoxy resin is applied to fill the space between the light propagating from the LED lamp 2a to the light emitting
LED lamp 24 and the lamp accommodating pit 13. 65 display surface will be minimized hence contributing to the

Also, the display body 11 having the LED lamp 2a
accommodated therein with its top 8a facing the front side

uniform, enhanced illumination of the light emitting display
surface.
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While the upper half of the four sides 11c as well as the
front side 11a of the display body 11 serve as the light
emitting display surfaces in Embodiment 1, the light emit-
ting display surface according to the present invention is

8

The principle action of light emitted from each LED lamp
24, reflected on the light reflective surface 24a, and diffused
in the display body 22 before reaching the front side 224 is
identical to that of the light emitting display 1. As a large

defined by at least the front side 11a of the display body 11. 5 number of the LED lamps 24 are arrayed at equal intervals,
Another arrangement of the display body 11 having the four the color sheet 25 can uniformly be illuminated by the LED
sides 11c covered entirely with a light reflecting coating or lamps 2a throughout its entire area.

a light shielding coating may also be used. The color sheet 25 may be replaced by a coating of

Also, while the lower half of the four sides 11c¢ of the light-transmissive color paint on the front side 224 (a light
display body 11 incorporate the light reflective surfaces 17b 10 emitting display surface) of the display body 22 with equal
in addition to the light reflective surface 174 on the rear side success.

116 in Embodiment L th? light reflective surface accordi.ng Also, the benefits of this invention will substantially be
to the present invention is defined by at least the rear side provided with a coloring agent added to the light diffusing
11b of the display body 11. Another arrangement of the agent 12 to tint the light diffusing resin material of the
display body 11 having no light reflective surfaces provided 15 gisplay body 22 in the same color as the illumination of the
on the four sides 11c may also be used. LED lamps 2a.
. At)ltt(ligughtttlle hggt ﬁreﬂgctt)lvihsu.rfaces 1‘1{1 arfldth171b. Lri Embodiment 3

mbodiment 1 are defined by the inner walls of the lig . L . .
reflective case 16a made of an opaque, white synthetic resin, . A h.ght er%lltt;ngddlsp.lgy dOf ]fEmbodlmelgllt (?Sofsthe é)rgesent
they may favorably be implemented by any appropriate 20 1nvent10.n e .e . CSCI‘.I cd relerting to. - & and 2 .
means. For example, the light reflective surfaces can be The light emitting display of Embodiment 1 or Embodi-
implemented by attaching a sheet of light reflective paper or ment 2 having an array of LED lamps embedded in its
synthetic resin (a light reflective layer) to at least the rear display body made of a light diffusing resin material
side 116 of the display body 11 or by painting the rear side (referred to as a sohd light emitting display h.eremgfter) is
11b of the display body 11 with an opaque paint such as in 2° s.uccessf}lll.y redpced in the thlckness and can 11.1um1nate its
silver color (a light reflective coating). light emitting display surface uniformly at a desired level of

Embodiment 2 brightness. Therefore, that arrangement is advantageous for

. . . . . use in the display of letters, characters, marks, and patterns

Alight emitting display according to Embodiment 2 of the P lativel ller size. H i . th
present invention will now be described referring to FIGS. ol @ relatively smatict size. Howevel, 1l may mcrease the
6 and 7. 30 overall cost when used as a larg.e billboard located on the top

The light emitting display 21 of Embodiment 2 is larger of a bulld%ng.structur.e .or th.e like.
in size than that of Embodiment 1 and particularly has a The solid light emitting display allows the LED la.mps to
shape of the alphabetical letter A. Its display body 22 is be arrayed at equal intervals of a dls.tance or pitch of
made of a sheet of a milk-white color, light diffusing resin . substgntlglly up to 20 to 25 mm on the display body. When
material which comprises a transparent resin doped with a th.e pitch 15 increased, the area.between any two LED lamps
light diffusing agent 12 and has an array of LED lamps 2a Wlu t?e d}mmed thu.s generating uneven brightness of the
identical to that of Embodiment 1 embedded at equal 11.1um1nat10n at the light emitting display surface (the fr.ont
intervals of a distance or pitch, e.g., 20 mm, with their top Sld? (,)f thf,: dlsplgy body). Thf.:re.fore, when Fhe so.hd light
facing the front side 22a of the display body. The lamp emitting display is used for building a large 51zeq billboard,
accommodating pit and the filler are also identical to those a large. number of the LED lamps are required hence
of Embodiment 1 and will be explained in no more detail. increasing the overall cost.

The display body 22 is covered at its rear side 22b and . The aboye uneven brightness of the illumination on.the
four side walls with a light reflective coating 23 made of a light emitting display surface may be overcome by thick-
sheet or strip of an opaque synthetic resin material. The inner ,; ™8 the display body to increase the distance d1 (See FIG.
sides of the light reflective coating 23 (directly facing the 5) from the top of the LED lamp to the light emitting display
display body 22) incorporate a light reflective surface 24a on surface even when the interval between any two LED lamps
the rear side 22b and side light reflective surfaces 24b on the is extended. In that case, the display body may undesirably
four sides of the display body 22. be 1ncreas.ed. in the Welght apd the intensity of illumination

The front side 224 of the display body 22 is covered with 5, ™Y be diminished in the display body.

a color sheet 25 of a transparent or semi-transparent syn- Alight emitting display 31 of Embodiment 3 is developed
thetic resin material which is tinted in a color equal to the for eliminating the above disadvantages. As best shown in
color of light emitted from the LED lamp 2a. FIG. 9, the light emitting display 31 has a hollow casing 32.

Meanwhile, the light emitting display surface of the light The casing 32 comprises a casing body 33 of a front-
emitting display 1 of Embodiment 1 appears in a milky ss opened box-like shape made of a light metal such as
white color when the LED lamp 2a is turned off and in a aluminum or a light shielding synthetic resin material and a
color of the light when the LED lamp 2 is turned on. In front plate 34 covering and closing the front opening of the
some cases, the display of the color which is switched from casing body 33.
one to the other between the tun-on and the turn-off may be The front plate 34 is made of a light diffusing resin
unfavorable. 60 material which comprises a transparent resin doped with a

The light emitting display 21 of Embodiment 2 has the light diffusing agent 12, similar to that of the display bodys
front side 22a of its display body 22 covered with the 11 and 22 of Embodiments 1 and 2. The thickness of the
light-transmissive color sheet 25. This allows the same color front plate 34 is not limited, but may preferably be 2 to 3 mm
to appear when the illumination is on and off. The light in normal applications. The front plate 34 is tightened to the
emitting display 21 of this type is favorably applicable to a 65 casing body 33 to shut the opening with the use of appro-

billboard or the like which remains turned off in the day time
and is turned on in the night.

priate tightening means (not shown) such as screws or an
adhesive.
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A substrate 35 on which a number of LED lamps 2a are
mounted is disposed on the bottom of the casing 32. The
substrate 35 may be a printed circuit board having a pattern
of circuits (not shown) designed for supplying power to the

10

display body filled with the light diffusing resin material of
any solid light emitting display is not used, the overall
weight of the hollow light emitting display can be lightened.

The hollow light emitting display is advantageously lower

LED lamps 24 and securely mounted by tightening means 5 jn both the cost and the weight and can favorably be applied
such as screws (not shown) to a rear side 334 of the casing  for fabricating a large sized display screen such as a bill-
body 33. board on a building.

A light reflective coating 36 is applied by printing, The front plate 34 may be covered with a color film such
painting, or bonding a film to the LED lamp mounting side as the color sheet 25 of Embodiment 2 with equal success.
(facing the front plate 34) of the substrate 35. The surface of 10 Also, while the light reflective surface 37 is defined by the
the light reflective coating 36 forms a light reflective surface light reflective coating 36 on the substrate 35 in Embodi-
37 speciﬁed. in the present inventior}. The light reflective ment 3, it may be implemented by using a substrate made of
surface 37 is not limited to a particular color, but may a light reflective material such as a white color resin. As the
preferably be white. upper surface of the substrate itself serves as the light

The LED lamps 24 mounted on the substrate 35 are 15 reflective surface, the light reflective coating 36 can be
substantially identical to those of Embodiments 1 and 2 and eliminated.
are covered at their top with the light reflective coating 10 Moreover, it is a good idea that while the substrate 35 is
gnd arranged With their top fa.cing.the front plate 34 at equal made of a transparent material, the casing body 33 is made
intervals of a distance or pitch in rows and columns. In_  of 4 light reflective, opaque white-color resin material to
Embodiment 3, the pitch pl (See FIG. 8) between any two *’ v the inner surface (facing the front plate 34) of its rear
LED lamps 2a is about 50 mm and the distance d2 (See FIG. wall 33a serving as the light reflective surface. In that case,
9) from the top of cach LED lamp 2g to the outer side 34a the rearward light from the LED lamps 24 is passes through
(a light emitting display surface) of the front plate 34 is set  the substrate 35 and is then reflected by the inner surface (the
to about 50 mm. 55 light reflective surface) of the rear wall 334 to travel towards

Also, Embodiment 3 has a light reflective coating 38 the front.
provided on the inner side of each side wall 33b of the casing Embodiment 4
body 33. The su.rface of th? light reflective coating 38 A light emitting display of Embodiment 4 of the present
Incorporates a light reflection surface 39 having, for invention will now be described together with LED lamps
example, a white color. 30 used, referring to FIGS. 10 to 13.

During operation of the light emitting display 31, when The description starts with an LED lamp shown in FIG.
the LED lamps 2a are supplied with power from the printed 10. The LED lamp 2b includes a white light LED chip 5w
circuits, rearward components of the light emitted from the as the LED chip. The white light LED chip in the embodi-
LED lamps 24 are radiated at angles as denoted by the ment means an “LED chip which can emit white light”. The
arrows in FIG. 9, reflected on the light reflective surface 37, 55 white light LED chips include an LED chip of which the
and Qirected at angles toward the front plate 34..As described radiation is white light and a set of LED chips which emit
previously, the rearward components of the. light frF’m the different color lights which can appear in combination as
LED lamps 24 are randomly directed and their reflections on white light (See Japanese Patent Laid-open Publication
the light reflective surface 37 propagate at random angles 82845 in 2000).

:ﬁ:g?lrdﬁ ;h:elgrt?gélpliléi 3&5:2]3;5 figinrft?:(ﬁeﬁtlﬁgzgggz 40 The LED lamp 2b has a light-transmissive, tinted coating
£ y “ong & . 42 provided on the surface (a side 8¢ and a bottom 8b) of a

surface 37 to the front plate 34, they are favorably diffused. .

Then, the reflected light is incident on the inner side 34b of transparent molq member 8 thereqf cxcluding the top 8a

the front plate 34, passes through the front plate 34, and covered. with a hgh.t r.eﬂect.lve coatlgg 10. . o

finally radiates from the upper side 34a (the light emitting 5 The light-transmissive, tinted coating 42 is not limited to

display surface) to the outside. a particular f.abrlcatlr.lg means or method but may be imple-

As explained, the light emitting display 31 allows the light meqted by Q1rectly tinting the surface of the mold member
emitted from the LED chips to be reflected on the inner 8 with an oil marker ben of a desired color such as blue or

. . . - yellow. A film of an oil ink from the marker pen turns to the
surface of the light reflective coating 10 and reflected again . o . . . .
on the light reflective surface 37 behind the LED lamps 2a sg hght-tr.an§m1551.ve, tinted coating 42. Alternatively, a light-
thus to be diffused. Also, while the reflected light travels to transmissive, tinted film of thin color cellophane may be

e . & attached to the surface of the mold member 8 as the

the front plate 34, it is further diffused. Accordingly, when . - . .
the casing 32 is sized to increase the distance from the light light-transmissive, tmtefi coating 42.
reflected surface 37 to the front plate 34, the diffusion of _ Furthermore, the entire surface of the mold member 8
reflected light can be encouraged. In this embodiment, the 55 1nclud1.ng. the. top 8a may be covered with a hghF-
attenuation of light when traveling a distance which is transmissive, tinted coating 42 and then the top 8a only is
pertinent to the solid light emitting displays will be pre- covered again with the light reflective coating 10.
vented. As described, the LED lamp 2b is identical to the LED

Favorably, in the light emitting display 31 of Embodiment ~ 1amp 2a except that the white light LED chip 5w is contained
3 which has the LED lamps mounted in the hollow casing s 20d the light-transmissive, tinted coating 42 is applied.
and a front plate made of a light diffusing resin material ~ /ccordingly, like components are denoted by like numerals
(referred to as a hollow light emitting display hereinafter), as those of the LED lamp 2a and will be explained in no
even when the LED lamps are aligned at intervals of as wide more detail.

a pitch as 50 to 60 mm, the light emitting display surface can The light emitting display of Embodiment 4 using the
illuminate uniformly at a desired level of brightness 65 LED lamps 2b is explained referring to FIGS. 11 to 12.

throughout its area. This can minimize the number of LED
lamps per unit area and hence the overall cost. Also, as the

The light emitting display 41 has a display body 43 of a
disk shape made of a milky-white, light diffusing resin
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material which comprises a transparent resin doped with a
light diffusing agent 12.

The LED lamps 2b are arrayed in rows and columns at
equal intervals of a distance or pitch of substantially 20 mm

12

made of a light-transmissive material such as a transparent
resin tinted with a coloring agent. The other arrangement
including a light reflective coating 10 provided on the top
50q is identical to that of the LED lamp 2a.

as mounted on a substrate 44. The substrate 44 is a printed 5 1 action, white light emitted from the white light LED
circuit board similar to the substrate 35 explained with chip 5w passes through the mold member 50 and its color
respect to Embodiment 3 and has a disk shape substantially turns to an off-white color by the action of the mold member
equal in diameter to the display body 43. The LED lamps 2b 50 before beine radiated fi bottom 505 and a side 50

. : . . . g radiated from a bottom and a side 50c
mounting 51de.0f the sub§trate 44 is cc?vereq with a hght of the mold member 50
reﬂfctlvz6coatmg 45 which has a white, light reflective When the light emitt.ing display 43 employs the LED
surface 46.

A plurality of lamp accommodating pits 47 are provided lgmps 2c, .the same effect as described above will substan-
at the same intervals as of the LED lamps 2b in the rear side tially be given.
43b of the display body 43. The substrate 44 is assembled in Although the light emitting display 43 of Embodiment 4
the display body 43 with its light reflective surface 46 is of a solid type, its hollow type modification may also be
directly facing the rear side 43b of the display body 43 and 5 realized with the LED lamps 2b or 2c for exhibiting the
specifically with the LED lamps 2b accommodated in their equal success.
co(rirft:tslpon(t:l)ir:g %)itz44‘.7. tEhe assemtgy totfh the iisplayfbody 4:.;31 Embodiment 5
and the substrate 44 is then covered at the outer surface wi . . . . .

a %light fei%lecti\ée coating 4f18 0f4 \évhich the inner surface is a . desAcriltigctiltreefg?igggtodlé?()}lgy 1zft0E{rébod1ment > will be
white, light reflective surface 49. . U o .

. Commercially aviliilable LED (ﬁlip ai)e1 classiﬁedlgy color E Hﬁ;;ﬁggﬂ ;nigliaels“; (tit;:pﬁgyh{)cf;}l/lg;n% fde:sfelgénsglulzf
into seven types; red, orange, yellow, blue, emerald green, ; : ; e
green, and white. It is therefore difficult for conventional shape. Th? display body 52 is fabrlcat.ed by f:uttl.ng mto.a
light emitting displays to provide illumination of different predet.ermm.ed length. a sheet of a hghF diffusing resin
colors than the above seven colors with their LED lamps 25 ma.terlal which comprises a .transpe.lrent. resin such as acr.yhc
Sy el 5 b of e B e g 151, bl w5 e T g e 12 S
emitting display surface. . . > . >

Advantageously, the light emiting diplay 41 of this (/= S DoC¥ S AP B R RS RS S T
Zmbodlment permils the. front side 43a (a.hght. emitting 30 employed are substantially equal to those described with

isplay surface) of its display body 43 to illuminate in a Embodi 1
desired color other than the above seven limited colors. mbodiment 1.

For example, when the light-transmissive, tinted coating G In the ﬁg;lre, the letter lR rfg)éf]:)selnts ared ((i:ollgor LED lainp,
42 is tinted in red, white light emitted from the white light bl;:ggji‘?&g 1g;$; %’leorLED larﬁgi’ré‘ﬁasicaﬁ;“;;iﬂ;ﬁ
LED~ chip Sw turms to a light red. (pink) co.lor after PASA® 35 in the construction, including the light reflective coating 10
the light-transmissive, tinted coating 42. This allow the light i 8 & &0
emitting display surface of the light emitting display 41 to ;_0 the LEDI ltar(rilp. Zat;hownklin FIGi' 1 eénd 2.(;1“.If1fe LEP.ChtIES
illuminate in the pink color. TncaI%SP ahft Htl) © Htlto d member & arc dilierent in the

Similarly, when the light-transmissive, tinted coating 42 is coor o lig . 0 be emitied. .
tinted in blue, white light emitted from the white light LED é\’lorle P&“}g‘ll*gly’ tflle red COIO{ LEL%&HP Rén?lufes a
chip Sw turns to a light blue color after passing the light- fed color chip, the green color amp G 1nciudes
transmissive, tinted coating 42. This allow the light emitting a green color LED chip, and.the blue color LED lamp B
display surface of the light emitting display 41 to illuminate m(ill“ltlldei]g];)lile COIO}; L(]}ED C;HI];' dat th _—
in the lLight blue color. € amps R, G, an coated at the top with the

As the light emitting display 41 permits the light- light reflective coatings 10 are mounted on one side of a
transmissive, tinted coating 42 to illuminate in desired  Substrate (a printed circuit board) 53 which is substantially
colors by a simple manner, it is able to emit a desired color ~ ¢qualin both the length and the width to the display body 52
of light from its light emitting display surface which is as installed in the display body 52.
hardly feasible with conventional LEDs and specifically, can FIGS. 14 and 17 illustrate an array of the LED lamps R,
create soft, intermediate tone colors (so-called pastel colors) G, and B. A red color LED lamp R, a green color LED lamp
at a favorable level. G, and a blue color LED lamp B are closely grouped to form

Even if the surface of the LED lamp having a specific a triangle lamp unit .54~ ) )

LED chip which can emit other light than white light is Anumber of the triangle lamp units 54 are arrayed in rows
covered with the light-transmissive, tinted coating 42, a and columns at equal intervals of a distance or pitch p2 (See
resultant color is not so clear as of this embodiment. The 5 FIG. 17).

other light than white light to be emitted is a monotone light While a matrix of the LED lamps R, G, and B are mounted
and may be more sharply attenuated when passed through on the substrate 53, a plurality of lamp accommodating pits
the light-transmissive, tinted coating 42 of a different color. 55 are provided in the rear side 52b of the display body 52
In contrast, the white light emitted from the white light LED (See FIG. 16) corresponding to the location of the LED
chip 5w basically includes all the natural colors and can 4, lamps R, G, and B. The substrate 53 is joined to the rear side
hardly be declined in intensity when passed through the 52b of the display body 52 with their LED lamps accom-
light-transmissive, tinted coating 42. modated in the corresponding lamp accommodating pits 55,

The LED lamp 2b having the light-transmissive, tinted hence allowing the LED lamps to be installed in the display
coating 42 may be replaced by an LED lamp 2¢ shown in body 52.

FIG. 13. 65  The space between the LED lamp and its lamp accom-

The LED lamp 2c¢ includes as the LED chip a white light
LED chip Sw which is encapsulated in a mold member 50

modating pit 55 may be filled with a transparent filler such
as an epoxy resin.

Hisense Exhibit 1017, Page 32 of 36
Hisense USA Corp. v. Light Guide Innovations LLC
IPR2025-01537



US 6,404,131 B1

13

As best shown in FIG. 16, a light reflective coating 56 is
provided on the rear side 52b of the display body 52. The
light reflective coating 56 of Embodiment 5 is applied by
silk printing a white ink pattern on the LED lamp mounting
surface of the substrate 53 while the surface of the light
reflective coating 56 incorporates a light reflective surface
57.

Also, a light reflective coating 58 made of a length of
white color tape or a white color paint covers the side walls
of the display body 52. A cover member 60 made of a metal
or synthetic resin material protects the bottom of the display
body 52.

The light reflective coating 56 may be applied by painting
the rear side 52b of the display body 52 with a white color
paint. In that case, great care should be taken for carrying out
the painting so as not to fill the lamp accommodating pits 55,
hence reducing the efficiency of the process. The printing of
the light reflective coating 56 on the lamp mounting surface
of the substrate 53 is much simpler to perform the process
at ease and will be favorable for mass production.

FIG. 18 illustrates a circuit for energizing the LED lamps
of the light emitting display 51, including a direct current
source 61, a controller 62, and resistors 63 for balancing the
brightness of light emitted from the LED lamps. As partially
shown in FIG. 18, the lamp units 54 are arrayed vertically in
26 rows, each row having 16 units.

As shown in FIG. 18, corresponding color LED lamps in
the 16 lamp units 54 in each row are alternately connected
to one another in series.

More specifically, for example, the eight red color LED
lamps in the first, third, fifth, . . . and the fifteenth lamp units
54 are connected in series to one another while the other
eight red color LED lamps in the second, fourth, sixth, . . .
and the sixteenth lamp units 54 are connected in series to one
another. Similarly, the 16 green color LED lamps are alter-
nately connected in series to one another and the 16 blue
color LED lamps are alternately connected in series to one
another. Each group of the eight in-series connected LED
lamps are connected to the DC source 61 and the controller
62. Turning on and off of the grouped color LED lamps can
thus be controlled by the controller 62.

If it is arranged that light emitted from the LED lamp is
directly radiated towards the front side 52a of the display
body 52, its diffusion will unsuccessfully be stimulated
hence resulting in the non-uniform brightness at the front
side 52a (a light emitting display surface). In Embodiment
5, each LED lamp is covered at the top with the light
reflective coating 10 and forward light emitted from its LED
chip is reflected on the inner surface of the light reflective
coating 10 and mostly radiated out in different rearward
directions from the bottom or the side of the LED lamp. The
radiated light is then diffused by the light diffusing agent 12
as it travels through the display body 52. Upon arriving at
the light reflective surface 57, the radiated light is reflected
again and directed frontward. The reflected light while
passing through the display body 52 is further diffused and
finally released from the front side 52a (the light emitting
display surface) of the display body 52. As explained, the
light emitted from the LED chip is repeatedly reflected and
diffused while traveling through a longer distance, allowing
the illumination at the light emitting display surface to
appear uniform in the brightness throughout the area.

Accordingly, the light emitting display 51 is able to
uniformly illuminate the light emitting display surface and
allow the LED units R, G, and B to be actuated in any
combination of the groups separately or simultaneously in
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the three colors for illumination in a desired color at the light
emitting display surface.

For example, when only the red color LED lamps R are
turned on with the other, green and blue, color LED lamps
remaining turned off, the light emitting display surface
illuminates in red. Also, when the green and blue color LED
lamps are turned on with the red color LED lamps remaining
turned off, the light emitting display surface illuminates in a
mixture of green and blue or emerald green. When the three
color LED lamps R, G, and B are all turned on at one time,
the light emitting display surface illuminates in white.

As the three different color LED lamps R, G, and B are
located closely to each other and grouped in a triangle lamp
unit, their simultaneous illumination of two or three colors
appears in a combination but not separately at the light
emitting display surface. Therefore, a desired color at a
uniform brightness is produced throughout the area of the
display.

While the illumination is switched from one color to
another at once throughout the display of Embodiment 5, the
light emitting display may be divided into multiple areas
(local regions) with the LED lamps of each area connected
to a dedicated controller. Therefore, the LED lamps can be
switched on and off for illumination in each color or in each
area independently. Accordingly, the display body 52 can
illuminate different colors of light in the corresponding areas
and also change the color from one to another in each area,
thus producing a variety of illumination in colors and
patterns. For instance, some of the areas can display a
particular pattern of illumination.

It is also a good idea to control the LED lamps for not only
turning on and off but also modifying the brightness
(luminance) of their color so that more variations of the
illumination can be displayed.

In this embodiment, the three primary color LED lamps
R, G, and B are located adjacent to each other and grouped
in a triangle lamp unit 54 and a plurality of triangle lamp
units 54 are arrayed at equal intervals of a predetermined
pitch. According to the present invention, the arrangement of
the LED lamps of different colors is not limited to such a
triangle shaped group but may arbitrarily be determined.

For example, the three color LED lamps R, G, and B may
be aligned in arow such as R, G, B, R, G, B, R, G, B, . ..
at equal intervals of a narrow distance, e.g., 7 mm, with
equal success. Also, if the size of the display body is
extensive, two or more of the rows of the LED lamps are
arranged one after another.

The three primary color LED lamps R, G, and B may also
be arranged in a matrix.

According to the present invention, the arrangement of
the different color LED lamps is determined, provided that
when the three primary colors of the LED lamps R, G, and
B are illuminated substantially at once, they appear not
separately but in a combination or a white color throughout
the area of the light emitting display.

While this embodiment includes the LED lamps for three
primary colors, red, green, and blue, any other combination
of colors if white light is not required may be illuminated
from a desired set of the different color LED lamps. The
color lamp unit is not limited to three, R, G, and B, color
LED lamps but may consist oftwo different LED lamps, for
example, green and blue, orange and yellow, and so on, and
the color lamp units can be arranged at equal intervals of a
desired distance as embedded in the display body. In that
case, while at least the two original colors of the dedicated
LED lamps are directly illuminated, a mixture of the original
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colors can additionally be displayed on the light emitting
display, hence exhibiting a total of three colors.

The display body 52 is not limited to a milky white color
of this embodiment but may be tinted in any color, provided

16

red color (referred to as a red color LED chip hereinafter),
an LED chip emitting light of a green color (referred as a
green color LED chip), and an LED chip emitting light of a
blue color (referred to as a blue color LED chip). The red

that the display body 52 has light transmissive and light 5 color LED chip, the green color LED chip, and the blue
diffusing properties. When the display body is desirably color LED chip are encapsulated in a mold member 8 made
tinted, its color can be combined with the dedicated colors of a light transmissive material such as an epoxy resin.
of the LED lamps to produce a more generous, complex Three lead terminals 82, 83, and 84 connected to the
color. anode of the red color LED chip, the anode of the green
Although the LED lamps are mounted to the substrate 53 10 color LED chip, and the anode of the blue color LED chip
which is then installed in the display body 52 in this respectively are extended together with a lead terminal 85
embodiment, they may be accommodated directly in corre- connected as a common terminal to the cathodes of the three
sponding lamp accommodating pits provided in the rear side LED chips 82, 83, and 84 outwardly from a bottom 86 of the
of the display body. The display body can then be tailored to mold member 8.
a desired, more intricate shape matching a letter, a character, °  In action, when a direct-current voltage is applied
or a pattern and connected at their terminals with wire leads. between the lead terminals 82 and 85, the three-color LED
Embodiment 6 lamp 2d emits light of a red color. When a direct-current
A light emitting display of Embodiment 6 will be voltage is applied between the lead terminals 83, 84 and the
described referring to FIGS. 19 and 20. 0 lead. terminal 85, the three-color LED lamp 24 emits light of
Unlike Embodiment 5 of the solid light emitting display a mixture of green and blue.
51 using the three primary color LED lamps, Embodiment The three-color LED lamp 2d is covered at its top 8a with
6 provides a hollow light emitting display using the three a light reflective coating 10 which is identical to that of the
primary color LED lamps. previous embodiments.
The light emitting display 71 of Embodiment 6 includes 5  The light emitting display of Embodiment 7 is now
a hollow body or casing. The casing and its arrangement  explained referring to FIGS. 22 and 23.
including a substrate are substantially identical to those of The light emitting display 81 includes a display body 86
Embodiment 3 shown in FIG. 9, although some small ~ made of a sheet of a light diffusing resin material which
discrepancies are found in the size and dimensions, and their comprises a transparent resin doped with a light diffusing
description will not be repeated. 30 agent. The display body 86 has a number of lamp accom-
The LED lamps ofthree primary colors (red, green, and modating pits 87 provided in the rear side 86b thereof for
blue) are also identical to those used in the light emitting accommodating the corresponding three-color LED lamps
display 51 and will be denoted by the same letters R, G, and 2d. The three-color LED lamps 2d are mounted to one side
B respectively. of a substrate 88 (a printed circuit board). The LED lamp
The light emitting display 71 has the LED lamps R, G, 35 mounting side of the substrate 88 is covered with a light
and B mounted on a substrate 35 in the casing 32 with their ~ reflective coating 89 of which the upper surface incorporates
top facing a front plate 34. As shown in FIG. 19, the a light reflective surface 90. The side walls of the display
arrangement of the LED lamps is similar to that of the light ~ body 86 are also covered with a light reflective coating 91
emitting display 51, where a number of lamp units 54, each of which the inner surface is a light reflective surface 92.
comprising three, R, G, and B, LED lamps grouped close to 40 As best shown in FIG. 22, a plurality of the three-color
each other in a triangle relationship, are arrayed in rows and LED lamps 24 are arranged in rows and columns at equal
columns at equal intervals of a desired distance or pitch. The intervals of a distance as encapsulated in the display body
pitch p3 between any two adjacent lamp units 54 is set to a 86.
range substantially from 40 mm to 60 mm which is wider The light emitting display 81, like the light emitting
than the pitch p2 of the solid light emitting display 51. 45 display 51 of the other embodiment, can use a red color, a
The light emitting display 71, like the solid light emitting green color, and a blue color as well as any desired combi-
display 51, can illuminate with uniform brightness through- nation of the three colors (including white) to illuminate its
out the light emitting display surface (the front side 34a of light emitting display surface.
the front plate 34), and also allows the R, G, and B color s Also, the number of LED lamps per unit area on the light
LED lamps to be actuated separately or in a desired com- emitting display surface (the front side 86a of the display
bination for shifting the illumination from one color to body 86) is reduced to substantially V5 the number of LED
another. lamps of the light emitting display 51. While the number of
While its casing 32 has to be increased in thickness (from leads is successfully decreased, the drilling of the lamp
the light reflective surface 37 to the front plate 34), the <5 accommodating pits and the mounting of the LED lamps to
hollow light emitting display 71 with its light emitting the substrate will be minimized thus improving the produc-
display surface having comparatively an extended size will tion rate of the light emitting display 81.
favorably be lower in weight and cost than the solid light The light emitting displays of the foregoing embodiments
emitting display 51. may also be decorated with letters, characters, patterns,
Embodiment 7 6o marks, and other designs applied on its light emitting display
A light emitting display of Embodiment 7 of the present surface by printing, painting, sheet bonding, or any other
invention will now be described together with a three-color appropriate manner.
LED lamp referring to FIGS. 21 to 23. It is understood that while the LED lamps of the embodi-
The three-color LED lamp is first explained referring to ments are adapted with the top of the mold member shaped
FIG. 21. 65 to a semi-spherical, lens-like form (known as round-head

As illustrated not in details, the three-color LED lamp 2d
includes three LED chips; an LED chip emitting light of a

LED lamps), their shape for use in the light emitting displays
of the present invention is not limited to such a shape, and
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may be a triangle, a flat-face, or any other appropriate
configuration covered with the light reflective coating.

What is claimed is:

1. A light emitting display comprising:

a light emitting display element having a display surface,
the light emitting display element being made of a light
diffusing resin material which comprises a transparent
resin doped with a light diffusing material;

an LED lamp having a top surface and an LED chip
encapsulated in a mold member made of a light trans-
missive material the LED lamp being disposed behind
the display surface of the light emitting display element
such that the top surface faces the display surface of the
light emitting display element, the top surface of the
LED lamp being covered with a light reflective coating;
and

a light reflective surface disposed at a rear side of the LED
lamp so as to face the display surface of the light
emitting display element.

2. A light emitting display comprising:

a display body having a front side and being made of a
light diffusing resin material which comprises a trans-
parent resin doped with alight diffusing material;

an LED lamp having a top surface and an LED chip
encapsulated in a mold member made of a light trans-
missive material, the LED lamp being embedded in the
display body such that the top surface faces the front
side of the display body, the top surface of the LED
lamp being covered with a light reflective coating; and

a light reflective surface disposed on a rear side of the
display body so as to face the front side of the display
body.

3. A light emitting display comprising:

a casing including a front plate made of a light diffusing
resin material which comprises a transparent resin
doped with a light diffusing material;

an LED lamp having a top surface and an LED chip
encapsulated in a mold member made of a light trans-
missive material, the LED lamp being mounted in the
casing such that the top surface faces the front plate of
the casing, the top surface of the LED lamp being
covered with a light reflective coating; and

a light reflective surface disposed at a rear side of the LED
lamp on the casing so as to face the front plate of the
casing.

4. A light emitting display according to claim 1, wherein
the light reflective coating covering the top surface of the
LED lamp is made of a film of opaque paint.

5. A light emitting display according to claim 2, wherein
the light reflective coating covering the top surface of the
LED lamp is made of a film of opaque paint.

6. A light emitting display according to claim 3, wherein
the light reflective coating covering the top surface of the
LED lamp is made of a film of opaque paint.

7. A light emitting display according to claim 4, wherein
the paint coating is a film of a white color paint.

8. A light emitting display according to claim 5, wherein
the paint coating is a film of a white color paint.

9. A light emitting display according to claim 6, wherein
the paint coating is a film of a white color paint.

10. A light emitting display according to claim 1, wherein
the LED lamp has a white-light LED chip and a portion of
an outer surface of the mold member is covered with a light
transmissive tinted coating such that the top surface of the
LED lamp is free of the light transmissive tinted coating.
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11. A light emitting display according to claim 2, wherein
the LED lamp has a white-light LED chip and a portion of
an outer surface of the mold member is covered with a light
transmissive tinted coating such that the top surface of the
LED lamp is free of the light transmissive tinted coating.

12. Alight emitting display according to claim 3, wherein
the LED lamp has a white-light LED chip and a portion of
an outer surface of the mold member is covered with a light
transmissive tinted coating such that the top surface of the
LED lamp is free of the light transmissive tinted coating.

13. Alight emitting display according to claim 1, wherein
the LED lamp has a white-light LED chip encapsulated in
the mold member, the mold member being made of a light
transmissive, tinted material.

14. A light emitting display according to claim 2, wherein
the LED lamp has a white-light LED chip encapsulated in
the mold member, the mold member being made of a light
transmissive, tinted material.

15. Alight emitting display according to claim 3, wherein
the LED lamp has a white-light LED chip encapsulated in
the mold member, the mold member being made of a light
transmissive, tinted material.

16. A light emitting display according to claim 1, further
comprising a plurality of LED lamps classified into at least
two different types, each type being operable to emit a
different color of light, the LED lamps being arrayed in a
combination at equal intervals of distance.

17. A light emitting display according to claim 2, further
comprising a plurality of LED lamps classified into at least
two different types, each type being operable to emit a
different color of light, the LED lamps being arrayed in a
combination at equal intervals of distance.

18. A light emitting display according to claim 3, further
comprising a plurality of LED lamps classified into at least
two different types, each type being operable to emit a
different color of light, the LED lamps being arrayed in a
combination at equal intervals of distance.

19. A light emitting display according to claim 1, further
comprising a plurality of LED lamps classified into a red
color LED lamp type, a green color LED lamp type, and a
blue color LED lamp type, the plurality of LED lamps being
arrayed in a predetermined arrangement.

20. A light emitting display according to claim 2, further
comprising a plurality of LED lamps classified into a red
color LED lamp type, a green color LED lamp type, and a
blue color LED lamp type, the plurality of LED lamps being
arrayed in a predetermined arrangement.

21. Alight emitting display according to claim 3, further
comprising a plurality of LED lamps classified into a red
color LED lamp type, a green color LED lamp type, and a
blue color LED lamp type, the plurality of LED lamps being
arrayed in a predetermined arrangement.

22. Alight emitting display according to claim 1, further
comprising a plurality of LED lamps, each LED lamp being
a three-color LED lamp having a red color LED chip, a
green color LED chip, and a blue color LED chip encapsu-
lated in a single mold member, the LED lamps being arrayed
at equal intervals of distance.
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23. A light emitting display according to claim 2, further
comprising a plurality of LED lamps, each LED lamp being
a three-color LED lamp having a red color LED chip, a
green color LED chip, and a blue color LED chip encapsu-
lated in a single mold member, the LED lamps being arrayed
at equal intervals of distance.

24. A light emitting display according to claim 3, further
comprising a plurality of LED lamps, each LED lamp being
a three-color LED lamp having a red color LED chip, a
green color LED chip, and a blue color LED chip encapsu-
lated in a single mold member, the LED lamps being arrayed
at equal intervals of distance.

25. Alight emitting display according to claim 1, wherein
only the top surface of the LED lamp is covered with the
light reflective coating such that light emitted from the LED
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chip reflects off of the light reflective coating and strikes the
light reflective surface.

26. A light emitting display according to claim 2, wherein
only the top surface of the LED lamp is covered with the
light reflective coating such that light emitted from the LED
chip reflects off of the light reflective coating and strikes the
light reflective surface.

27. A light emitting display according to claim 3, wherein
only the top surface of the LED lamp is covered with the
light reflective coating such that light emitted from the LED
chip reflects off of the light reflective coating and strikes the
light reflective surface.
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