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LIGHT EMITTING DEVICE
BACKGROUND

Technical Field

[0001] The present disclosure relates to a light-emitting
device, and in particular to a light-emitting device with an
omnidirectional light pattern.

REFERENCE TO RELATED APPLICATION

[0002] This application claims the right of priority based on
TW application Serial No. 102120893, filed on Jun. 11, 2013.
The entire content of the application is hereby incorporated
by reference.

DESCRIPTION OF THE RELATED ART

[0003] The light-emitting diodes (LEDs) of the solid-state
lighting elements have the characteristics of low power con-
sumption, low heat generation, long operational life, shock-
proof, small volume, quick response and good opto-electrical
property like light emission with a stable wavelength so the
LEDs have been widely used in household appliances, indi-
cator light of instruments, and opto-electrical products, etc.
As the opto-electrical technology develops, the solid-state
lighting elements have great progress in the light efficiency,
operation life and the brightness, and LEDs are expected to
become the main stream of the lighting devices in the coming
future. However, in some application, there is a need to have
a light-emitting apparatus with an omnidirectional light pat-
tern which is not available using the conventional light emit-
ting apparatus.

[0004] Itis noted that the LEDs can be further connected to
other components in order to form a light emitting apparatus.
For example, the LEDs is disposed on a submount, and then
on a carrier. Alternatively, a solder or an adhesive is formed
between the LEDs and the carrier to form the light emitting
apparatus. In addition, the carrier can further include elec-
trode for electrically connecting to the LED:s.

SUMMARY OF THE DISCLOSURE

[0005] The present disclosure provides a light-emitting
apparatus with an omnidirectional light pattern.

[0006] This disclosure discloses a light-emitting device.
The light-emitting device comprises: a first electrode part; a
second electrode part; a third electrode part, spaced apart
from the first electrode part and the second electrode part; and
a light-emitting unit partially covering the first electrode part
and the second electrode part and fully covering the second
electrode part, the light-emitting unit having a conductive
structure contacting the second electrode part.

BRIEF DESCRIPTION OF THE DRAWING

[0007] The accompanying drawings are included to pro-
vide easy understanding of the application, and are incorpo-
rated herein and constitute a part of this specification. The
drawings illustrate the embodiments of the application and,
together with the description, serve to illustrate the principles
of the application.

[0008] FIGS. 1A and 1B illustrate a perspective view of a
light-emitting device in accordance with one embodiment of
the present disclosure.
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[0009] FIG. 1C illustrates a perspective view of a light-
emitting device in accordance with another embodiment of
the present disclosure, showing a conductive connecting con-
nector formed on a side of a carrier.

[0010] FIG. 2A illustrates a top view of a light-emitting
device in accordance with one embodiment of the present
disclosure.

[0011] FIG. 2B illustrates a cross-sectional view taken
along from line I-I' of FIG. 2A.

[0012] FIG. 3A illustrates a top view of a light-emitting
device in accordance with one embodiment of the present
disclosure.

[0013] FIG. 3B illustrates a cross-sectional view taken
along from line II-IT' of FIG. 3A.

[0014] FIG. 4A illustrates a top view of a light-emitting
device in accordance with another embodiment of the present
disclosure.

[0015] FIG. 4B illustrates a top view of a light-emitting
device in accordance with another embodiment of the present
disclosure.

[0016] FIG. 4C illustrates a top view of a light-emitting
device in accordance with another embodiment of the present
disclosure.

[0017] FIG. 4D illustrates a bottom view of the light-emit-
ting device of FIG. 4C.

[0018] FIG. 4E illustrates a top view of a light-emitting
device in accordance with another embodiment of the present
disclosure.

[0019] FIG. 4F illustrates a top view of a light-emitting
device in accordance with another embodiment of the present
disclosure.

[0020] FIG. 4G illustrates an equivalent circuit of the FIG.
4F.
[0021] FIG. 5A illustrates a cross-sectional view of a light-

emitting device in accordance with another embodiment of
the present disclosure.

[0022] FIG. 5B illustrates a top view of the light-emitting
device of FIG. 5A.

[0023] FIG. 5C illustrates a bottom view of the light-emit-
ting device of FIG. 5A.

[0024] FIG. 5D illustrates a cross-sectional view of a light-
emitting device in accordance with another embodiment of
the present disclosure.

[0025] FIG. 5E illustrates a top view of the light-emitting
device of FIG. 5D.

[0026] FIGS. 6A and 6B illustrate cross-sectional views of
a light-emitting device in accordance with another embodi-
ment of the present disclosure.

[0027] FIG. 6C illustrates a top view of the light-emitting
device of FIGS. 6A and 6B.

[0028] FIGS. 6D and 6E illustrate top and bottom views of
an electrical plate embodied in the light-emitting device of
FIGS. 6A and 6B.

[0029] FIG. 7A illustrates a cross-sectional view of a light-
emitting diode unit in accordance with one embodiment of
the present disclosure.

[0030] FIG. 7B illustrates a cross-sectional view of a light-
emitting diode unit in accordance with another embodiment
of the present disclosure.

[0031] FIG. 7C illustrates a cross-sectional view of a light-
emitting diode unit in accordance with another embodiment
of the present disclosure.
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[0032] FIG. 7D illustrates a cross-sectional view of a light-
emitting diode unit in accordance with another embodiment
of the present disclosure.

[0033] FIG. 8A illustrates a cross-sectional view of a light-
emitting diode unit in accordance with another embodiment
of the present disclosure.

[0034] FIG. 8B illustrates a cross-sectional view of a light-
emitting diode unit in accordance with another embodiment
of the present disclosure.

[0035] FIG. 8C illustrates a partial cross-sectional view of
the light-emitting diode unit of FIG. 8 A embodied in FIG. 5A.
[0036] FIG. 8D illustrates a cross-sectional view of a light-
emitting diode unit in accordance with another embodiment
of the present disclosure.

[0037] FIG. 8E illustrates a correlated color temperature
spatial distribution of light emitted from a light-emitting
diode unit in accordance with another embodiment of the
present disclosure.

[0038] FIG. 9 illustrates a cross-sectional view of a light-
emitting device in accordance with another embodiment of
the present disclosure.

[0039] FIG. 10A illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure.

[0040] FIG. 10B illustrates a top view of a circuit board on
which a light-emitting device is mounted in accordance with
one embodiment of the present disclosure.

[0041] FIG. 11A illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure.

[0042] FIG. 11B illustrates a top view of FIG. 11A.
[0043] FIG. 11C illustrates a top view of a circuit board on
which a light-emitting device is mounted in accordance with
one embodiment of the present disclosure.

[0044] FIG. 11D illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure.

[0045] FIG. 11E illustrates a top view of FIG. 11D without
a cover.
[0046] FIG. 11F illustrates a perspective view of an LED

bulb in accordance with one embodiment of the present dis-
closure.

[0047] FIG.11G illustrates a flexible carrier in a non-bend-
ing state.
[0048] FIG. 11H illustrates a perspective view of an LED

bulb in accordance with one embodiment of the present dis-
closure.

[0049] FIG. 111 illustrates a flexible carrier in a non-bend-
ing state.
[0050] FIG. 11]J illustrates a perspective view of an LED

bulb in accordance with one embodiment of the present dis-
closure.

[0051] FIG. 12 illustrates a cross-sectional view of an LED
tube in accordance with one embodiment of the present dis-
closure.

[0052] FIGS.12A~12C illustrating a method of making the
LED tube of FIG. 12.

[0053] FIGS. 13A~13D are views illustrating a method of
making a light-emitting device in accordance with another
embodiment of the present disclosure.

[0054] FIG.13E illustrate a cross-sectional view of a light-
emitting device of FIG. 13D.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0055] To better and concisely explain the disclosure, the
same name or the same reference number given or appeared in
different paragraphs or figures along the specification should
has the same or equivalent meanings while it is once defined
anywhere of the disclosure. In addition, these drawings are
not necessarily drawn to scale. Likewise, the relative sizes of
elements illustrated by the drawings may differ from the
relative sizes depicted.

[0056] The following shows the description of embodi-
ments of the present disclosure in accordance with the draw-
ings.

[0057] FIGS. 1A and 1B illustrate a perspective view of a
light emitting device 100 in accordance with one embodiment
of the present disclosure. The light-emitting device 100
includes an oblong carrier with a top surface 101 and a bottom
surface 102 opposite to the top surface 101, a plurality of
light-emitting units 11 disposed on the top surface 101, a top
electrode 20 formed on the top surface 101, a bottom elec-
trode 30 formed on the bottom surface 102, and a transparent
body 103 covering the top electrode 20 and the light-emitting
units 11. In this embodiment, the carrier 10 has a length of 18
mm~30 mm and a width smaller than 3 mm, and the light-
emitting unit 11 has a width of 0.5 mm~1.5 mm and a length
of 1 mm~3 mm. Referring to FIG. 1A, the top electrode 20
includes two top electrode pads 201, 202 and a top electrode
connector 203. Referring to FIG. 1B, the bottom electrode 30
is formed on the bottom surface 102 and includes two bottom
electrode pads 301, 302 and a bottom electrode connector
303. The bottom electrode connector 303 can be a straight
line, and is physically and electrically connected to the two
electrode pads 301, 302. As shown in FIG. 1C, a conductive
connecting connector 208 is optionally formed on a side of
the carrier 10 for electrically connecting the top electrode pad
202 with the bottom electrode pad 302. Alternatively, a via
hole (not shown) is formed within and penetrating the carrier
10, and a conductive material is fully or partly filled with the
via hole for electrically connecting the top electrode pad 202
with the bottom electrode pad 302. In operation, when the
light-emitting device 100 is connected to an external source
(power supply) and when the conductive connecting connec-
tor 208 is not provided, the two top electrode pads 201, 202
can be respectively connected to a positive node and a nega-
tive node of the external source such that the light-emitting
units 11 can emit light, that is, the external source is con-
nected to the carrier 10 at the same surface (top surface) but at
two opposite sides. In one embodiment, when the conductive
connecting connector 208 is further provided for electrically
connecting the top electrode pad 202 with the bottom elec-
trode pad 302, a positive node and a negative node of the
external source can be respectively connected to the top elec-
trode pad 201 and the bottom electrode pad 301 such that the
light-emitting units 11 can emit light, that is, the external
source is connected to the carrier 10 at the different surfaces
(top surface and bottom surface) but at the same side. By
virtue of the top electrode 20, the bottom electrode 30 and/or
the conductive connecting connector 208, the light-emitting
device 100 can be connected to the external source at the
different surfaces but the same side or at the same surface but
two opposite sides for different application of the light-emit-
ting device.

[0058] Thetransparent body 103 can includes a single layer
or a multilayer structure. When the transparent body 103 is a
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multilayer structure (not shown), it sequentially includes a
first transparent layer, a wavelength conversion layer, and a
second transparent layer. The first transparent layer and the
second transparent layer can include, e.g. epoxy, polyimide,
BCB, PFCB, SUS, acrylic resin, PMMA, PET, PC, polyether-
imide, fluorocarbon polymer, glass, Al,O;, SINR, SOG, poly
(tetrafluoroethene) or combinations thereof. The wavelength
conversion layer includes aluminum oxide (such as YAG or
TAG), silicate, vanadate, alkaline-earth metal silicate, alka-
line-earth metal sulfide, alkaline-earth metal selenide, alka-
line-earth metal gallium silicate, metal nitride, metal nitride
oxide, a mixture of tungstate and molybdate, a mixture of
oxide, or combinations thereof. In this embodiment, the light-
emitting unit 11 can emit a blue light with a peak wavelength
0f'430 nm~480 nm, and some of the blue light is converted by
the wavelength conversion layer to emit a yellow light with a
peak wavelength of 570 nm~590 nm or a yellowish green
light with a peak wavelength of 540 nm~570 nm. Further-
more, the yellow light or the yellowish green light is mixed
with the unconverted blue light to produce a white light.

[0059] FIG.2A is atop view of the light-emitting device as
shown in FIG. 1A without showing the transparent body 103.
Refereeing to FIGS. 1A and 2A, the top electrode connector
203 is patterned and includes a plurality of electrode blocks
2031. In this embodiment, the electrode blocks 2031 are
arranged in a straight line along a length direction of the
carrier 10 (X) and physically spaced apart from each other.
Each of the electrode blocks 2031 includes a first end 2032
and a second end 2033. In one embodiment, a distance (d,)
between the two adjacent light-emitting units 11 is 0.5
mm~1.2 mm, and each of the distances between the two
adjacent light-emitting units 11 can be the same or different
depending on actual requirements. FIG. 2B is a cross-sec-
tional view taken along line I-I' of FIG. 2A with the transpar-
ent body 103 included. Referring to FIG. 2B, each of the
light-emitting units 11 has a first connecting pad 111 (for
example, p pad) and a second connecting pad 113 (for
example, n pad). The first connecting pad 111 and the second
connecting pad 113 are at positions corresponding to the first
end 2032 of one electrode block 2031 and the second end
2033 of adjacent one electrode block 2031 for physically and
electrically connecting therebetween. Accordingly, the light-
emitting units 11 are electrically connected in series with
each other on the carrier 10. The transparent body 103 is
provided to cover portions of the top electrode 20 and the
light-emitting units 11.

[0060] FIG. 3A is a top view of a light-emitting device in
accordance with another embodiment of the present disclo-
sure, but without showing the transparent body. FIG. 3B is a
cross-sectional view taken along line II-1I' of FIG. 3A with the
transparent body included. Referring to FIGS. 3A and 3B, a
top electrode connector 204 includes a first electrode region
2041 and a second electrode region 2042. The first electrode
region 2041 and the second electrode region 2042 are paral-
lelly and alternately arranged along the length direction of the
carrier 10 (X) and physically spaced apart from each other.
The light-emitting units 11 are arranged along the length
direction of the carrier 10 (X), and the first connecting pad
111 and the second connecting pad 113 are at positions cor-
responding to the first electrode region 2041 and the second
electrode region 2042 for physically and electrically connect-
ing therebetween. For example, the first connecting pad 111
of the light-emitting unit 11A is corresponding to the first
electrode region 2041A and the second connecting pad 113 of
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the light-emitting unit 11A is corresponding to the second
electrode region 2042A; the first connecting pad 111 of the
light-emitting unit 11B is corresponding to the second elec-
trode region 2042 A and the second connecting pad 113 of the
light-emitting unit 11B is corresponding to the first electrode
region 2041B. The second connecting pad 113 of the light-
emitting unit 11A and the first connecting pad 111 of the
light-emitting unit 11B are both disposed on the second elec-
trode region 2042 A for electrically connecting therebetween.
Accordingly, the light-emitting units 11 are electrically con-
nected in series with each other on the carrier 10. In this
embodiment, the second connecting pad 113 of the light-
emitting units 11A and the first connecting pad 111 of the
light-emitting units 11B are at the same side of the carrier 10;
the first connecting pad 111 of the light-emitting units 11A
and the second connecting pad 113 of'the light-emitting units
11B are at another side of the carrier 10. The light-emitting
device further includes a transparent body 103 covering the
top electrode 20 and the light-emitting units 11.

[0061] FIG. 4A is a top view of a light-emitting device in
accordance with another embodiment of the present disclo-
sure. Referring to FIG. 4A, a top electrode connector 205
includes a plurality of electrode zones 2051 arranged along
the length direction of the carrier 10 at a first oblique angle to
the length direction. Each of the electrode zones 2051 has a
firstend 2052 and a second end 2053. The light-emitting units
11 are arranged along the length direction of the carrier 10 and
at a second oblique angle with respect to the electrode zones
2051. The first oblique angle can be the same or different from
the second oblique angle. Each of the light-emitting units 11
has a first connecting pad (not shown) and a second connect-
ing pad (not shown). The first connecting pad and the second
connecting pad are respectively at positions corresponding to
the first end 2052 of one electrode zone 2051 and the second
end 2053 of adjacent one electrode zone 2051 for physically
and electrically connecting therebetween. Accordingly, the
light-emitting units 11 are electrically connected in series
with each other on the carrier 10. In this embodiment, all the
second connecting pads of the light-emitting units 11 are at
the same side of the carrier 10 and all the first connecting pads
of' the light-emitting units 11 are at another side of the carrier
10.

[0062] FIG. 4B is a top view of a light-emitting device in
accordance with another embodiment of the present disclo-
sure. Referring to FIG. 4B, a top electrode connector 206
includes a first electrode bar 2061 and a second electrode bar
2062. The top electrode pad 201 is merely connected to the
first electrode bar 2061 and the top electrode pad 202 is
merely connected to the second electrode bar 2062. Each of
the light-emitting units 11 has a first connecting pad (not
shown) and a second connecting pad (not shown). The first
connecting pad and the second connecting pad are respec-
tively at positions corresponding to the first electrode bar
2061 and second electrode bar 2062 for physically and elec-
trically connecting therebetween. Accordingly, the light-
emitting units 11 are electrically connected in parallel with
each other on the carrier 10.

[0063] FIG. 4C is a top view of a light-emitting device in
accordance with another embodiment of the present disclo-
sure. Referring to FI1G. 4C, the top electrode 20 includes a top
electrode pad 201 and a top electrode connector 209 formed
on the top surface 101 of the carrier 10. The top electrode
connector 209 includes a first electrode strip 2091 and the
second electrode stripe 2092. The first electrode stripe 2091



US 2014/0362565 Al

and the second electrode stripe 2092 are physically spaced
apart from each other. The first electrode stripe 2091 includes
a first region 20911, a first stripe 20912 electrically connect-
ing to and extending from the first region 20911 along the
length direction of the carrier 10 (-X), and a plurality of first
branches 20913 electrically connecting to and extending
from the first stripe 20912 along the width direction of the
carrier 10 (-Y). The second electrode stripe 2092 includes a
second stripe 20921 electrically connecting to and extending
from the top electrode pad 201 along the length direction of
the carrier 10 (-X); and a plurality of second branches 20922
electrically connecting to and extending from the second
stripe 20921 along the width direction of the carrier 10 (Y).
The first stripe 20912 and the second stripe 20921 are parallel
with each other; and the first branches 20913 and the second
branches 20922 are alternately and parallelly arranged with
each other. Each of the light-emitting units 11 has a first
connecting pad (not shown) and a second connecting pad (not
shown) which are at positions respectively corresponding to
the first branches 20913 and the second branches 20922 for
electrically connecting therebetween.

[0064] FIG. 4D illustrates a bottom view of the light-emit-
ting device in FIG. 4C. The bottom electrode 30 includes a
bottom electrode pad 301 and a bottom electrode connector
310 formed on the bottom surface 102 of the carrier 10. The
bottom electrode line 310 includes a third electrode stripe
3101 and the fourth electrode stripe 3102. The third electrode
stripe 3101 and the fourth electrode stripe 3102 are physically
spaced apart from each other. The third electrode stripe 3101
includes a second region 31011, a third stripe 31012 electri-
cally connecting to and extending from the second region
31011 along the length direction of the carrier 10 (-X), and a
plurality of third branches 31013 electrically connecting to
and extending from the third stripe 31012 along the width
direction of the carrier 10 (-Y). The fourth electrode stripe
3102 includes a third region 31021, a fourth stripe 31022
electrically connecting to and extending from the bottom
electrode pad 301 along the length direction of the carrier 10
(-X); and a plurality of fourth branches 31023 extending
from and electrically connecting to the fourth stripe 31022
along the width direction of the carrier 10 (Y). The third stripe
31012 and the fourth stripe 31022 are parallel with each other;
and the third branches 31013 and the fourth branches 31023
are alternately and parallelly arranged with each other. Each
of the light-emitting units 11 has a first connecting pad (not
shown) and a second connecting pad (not shown) which are at
positions respectively corresponding to the fourth branches
31023 and the third branches 31013 for electrically connect-
ing therebetween. Referring to FIGS. 4C and 4D, the first
region 20911 is at the position corresponding to the third
region 31021 and a hole 211 penetrates through the carrier 10
at the first region 20911 and the third region 31021; the
second region 31011 is at the position corresponding to the
top electrode pad 201 and a hole 212 penetrates through the
carrier 10 at the second region 31011 and the top electrode
pad 201. The holes 211, 212 can include a conductive material
fully or partly filled therewithin for electrically connecting
the opposite surfaces of the carrier 10 with each other. To be
more specific, when a positive node and a negative node of the
external source are electrically connected to the top electrode
pad 201 and the bottom electrode pad 301, respectively, the
top electrode pad 201 is electrically connected to the second
region 31011 through the hole 212 for further electrically
connecting to the third stripe 31012 and the third branches
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31013. In other words, the top electrode pad 201, the second
electrode stripe 2092 and the third electrode stripe 3101 are
electrically connected to the positive node of the external
source. Likewise, the first region 20911 is electrically con-
nected to the third region 31021 through the hole 211. Since
the third region 31021 is electrically connected to the bottom
electrode pad 301, the bottom electrode pad 301 can be elec-
trically connected to the first stripe 20912 and the first
branches 20913. In other words, the bottom electrode pad
301, the first electrode strip 2091 and the fourth electrode
stripe 3102 are electrically connected to the negative node of
the external source. Accordingly, the light-emitting units 11
on the top surface 101 and the bottom surface 102 are all
electrically connected in parallel with each other for emitting
light. In this embodiment, with the hole 211, the first stripe
20912 and the fourth stripe 31022 are electrically connected
to each other. In other embodiment, instead of forming the
first stripe 20912, the first regions 20911 and the hole 211, a
plurality of individual holes is formed corresponding to each
the first branch 20913 for electrically connecting the first
branch 20913 with the fourth stripe 31022.

[0065] FIG. 4E illustrates a top view of the light-emitting
device in accordance with another embodiment of the present
disclosure. The top electrode connector 207 includes a first
electrode region 2071, a second electrode region 2072, and a
third electrode region 2073. The first electrode region 2071,
the second electrode region 2072, and the third electrode
region 2073 are all rectangle. The long sides of the first
electrode region 2071 and the third electrode region 2073 are
parallel with the short side (width) of the carrier; the short side
of the second electrode region 2072 is parallel with the long
side (length) of the carrier. A plurality of the light-emitting
units is disposed on the carrier 10 and electrically connected
to each other in a bridge configuration by the arrangement of
the top electrode connector 207. The light-emitting units have
the first connecting pad and the second connecting pad. It is
noted that from the top view of FIG. 4E, the first connecting
pad and the second connecting pad cannot be clearly viewed.
However, for clarifying this embodiment the first connecting
pad and the second connecting pad are labeled in FIG. 4E. To
be more specific, the first connecting pad 111C of the light-
emitting unit 11C is at the first electrode region 2071 for
electrically connecting therebetween; the second connecting
pad 113C of the light-emitting unit 11C is at the second
electrode region 2072A for electrically connecting therebe-
tween; the first connecting pad 111D of the light-emitting unit
11D is at the third electrode region 2073 for electrically
connecting therebetween; the second connecting pad 113D of
the light-emitting unit 11D is at the second electrode region
2072A for electrically connecting therebetween; the first con-
necting pad 111E of the light-emitting unit 11E is at the
second electrode region 2072A for electrically connecting
therebetween; the second connecting pad 113E of the light-
emitting unit 11E is at the second electrode region 2072B for
electrically connecting therebetween; the first connecting pad
111F of'the light-emitting unit 11F is at the second electrode
region 2072B for electrically connecting therebetween; the
second connecting pad 113F of the light-emitting unit 11F is
at the first electrode region 2071 for electrically connecting
therebetween; and the first connecting pad 111G of the light-
emitting unit 11G is at the second electrode region 2072B for
electrically connecting therebetween; the second connecting
pad 113G of the light-emitting unit 11G is at the third elec-
trode region 2073 for electrically connecting therebetween



US 2014/0362565 Al

such that the light-emitting units 11C, 11D, 11E, 11F, 11G are
electrically connected to each other in the bridge configura-
tion. Therefore, the light-emitting device can be directly con-
nected to an alternately current (AC) power supply. FIG. 4G
is an equivalent circuit of FIG. 4E. In the positive cycle of the
alternately current power supply, a positive-cycle current
passes through the light-emitting units 11C, 11E, 11G; and in
the negative cycle of the alternately current power supply, a
negative-cycle current passes through the light-emitting units
11D, 11E, 11F. In this embodiment, only one bridge configu-
ration is described, however, there can be a plurality of bridge
configurations formed on the carrier 10 for electrically con-
necting to each other. In addition, the quantity of the bridge
configurations is adjustable depending on a desired voltage
(for example, 110V, 120V, 220V or 240V). FIG. 4F illustrates
a top view of a light-emitting device in accordance with
another embodiment of the present disclosure. The light-
emitting device in FIG. 4F is similar with that in FIG. 4E,
except that the second electrode region 2072 can includes a
plurality of sub electrode regions 2072C between the sub
electrode regions 2072A,2072B. A plurality of light-emitting
units 11E is arranged on the sub electrode regions 2072A,
2072C, 2072B for electrically connecting in series to each
other. In other embodiment, the light-emitting units 11E can
be connected to each other in parallel or in series-parallel.

[0066] FIG. SA illustrates a cross-sectional view of the
light-emitting device 200 in accordance with another
embodiment of the present disclosure. FIGS. 5B and 5C are a
top view and a bottom view without showing the light-emit-
ting units, respectively. Referring to FIGS. 5A~5C, the light-
emitting device 200 includes a carrier 10" having a top surface
101" and a bottom surface 102' opposite to the top surface
101, a plurality of light-emitting units 12A, 12B respectively
disposed on the top surface 101' and the bottom surface 102",
atop electrode 20" on the top surface 101", a bottom electrode
30' formed on the bottom surface 102', and a transparent body
103 covering the top electrode 20", the bottom electrode 30,
and the light-emitting units 12A, 12B. As shown in FIG. 5B,
the top electrode 20' includes a top electrode pad 201', a
plurality of first electrode parts 2011' and a plurality of second
electrode parts 2012'. The first electrode part 2011' and the
second electrode part 2012' are arranged in a straight line
along a length direction of the carrier 10" (X), and physically
and alternately spaced apart from each other. The second
electrode part 2012' includes a plurality of sub electrode part
20121' spaced apart from each other. In this embodiment, the
first electrode part 2011' between two adjacent second elec-
trode parts 2012' has a length smaller than that of the second
electrode part 2012'. A distance between two adjacent light-
emitting units is smaller than a length of one of the light-
emitting units. In this embodiment, the second electrode part
2012' includes three sub electrode parts 20121' which are
spaced apart from each other by a distance. Referring to
FIGS. 5A and 5B, the light-emitting unit 12A has a first
connecting pad (not shown) at a position corresponding to the
first electrode part 2011' for electrically connecting therebe-
tween, and the light-emitting unit 12A has a second connect-
ing pad (not shown) at a position corresponding to adjacent
one first electrode part 2011' for electrically connecting ther-
ebetween, such that the light-emitting unit 12A partially cov-
ers the first electrode part 2011' and the adjacent first elec-
trode part 2011', and fully covers the second electrode part
2012'. The second electrode part 2012' contacts the light-
emitting unit 12A but is not electrically connected to the
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light-emitting unit 12A for dissipating heat from the light-
emitting unit 12A to the ambient (air). It is noted that the
“contact” means directly contact or indirectly contact. The
indirectly contact indicates a conductive material (for
example: solder) or a non-conductive material (for example:
adhesive) formed between the light-emitting unit 12A and the
second electrode part 2012'. In another embodiment, the sec-
ond electrode part 2012' can also be electrically connected to
the light-emitting unit 12A. Referring to FIG. 5C, the bottom
electrode 30" includes a bottom electrode pad 301", a plurality
of third electrode parts 3011' and a plurality of fourth elec-
trode parts 3012'. The bottom electrode 30' has a pattern
similar with that of the top electrode 20'. The third electrode
parts 3011' and the fourth electrode parts 3012' are arranged
in a straight line along a length direction of the carrier 10' (X),
and physically and alternately spaced apart from each other.
The fourth electrode part 3012' includes three sub electrode
parts 30121' spaced apart from each other. Referring to FIGS.
5A and 5C, the light-emitting unit 12B has a first connecting
pad (not shown) at a position corresponding to the third
electrode part 3011' for electrically connecting therebetween,
and the light-emitting unit 12B has a second connecting pad
(not shown) at a position corresponding to adjacent third
electrode part 3011' for electrically connecting therebetween.
The fourth electrode part 3012' contacts the light-emitting
unit 12B but is not electrically connected to the light-emitting
unit 12B for dissipating heat from the light-emitting unit 12B
to the ambient (air). In another embodiment, the fourth elec-
trode part 3012' can also be electrically connected to the
light-emitting unit 12B. It is noted that the first electrode part
2011" and the fourth electrode part 3012' are respectively
formed on the top surface 101' and the bottom surface 102" at
the position corresponding to each other, and the second
electrode part 2012' and the third electrode part 3011' are
respectively formed on the top surface 101' and the bottom
surface 102' at the position corresponding to each other.
Accordingly, the light-emitting units 12A on the top surface
101" and the light-emitting units 12B on the bottom surface
102" are alternately arranged, and the light-emitting units 12A
does not fully overlap the light-emitting units 12B. The quan-
tity, the shape, and the length of the sub electrode parts can be
varied. The distance between the sub electrode parts can also
be varied. Moreover, the quantity, the shape, and the length of
the first electrode part 2011', the second electrode part 2012',
the third electrode part 3011", the fourth electrode part 3012
can also be varied. In this embodiment, like FIG. 1C, a con-
ductive connecting connector 208 is optionally formed on a
side of the carrier 10' for electrically connecting the first
electrode part 2011' at the end position with the third elec-
trode part 3011' at the end position. Alternatively, a hole (not
shown) is optionally formed to penetrate through the carrier
10" and a conductive material is fully or partly filled with the
hole for electrically connecting the first electrode part 2011
with the third electrode part 3011'. Therefore, in operation,
when the light-emitting device is connected to the external
source, a positive node and a negative node of the external
source can be electrically connected to the top electrode pad
201" and the bottom electrode pad 301' such that the light-
emitting units 12A, 12B are electrically connected in series to
each other for emitting light, that is, the external source is
connected to the carrier 10 at the different surfaces (top sur-
face and bottom surface) but at the same side.

[0067] FIG. 5D illustrates a cross-sectional view of the
light-emitting device 200" in accordance with another



US 2014/0362565 Al

embodiment of the present disclosure. FIG. 5E illustrates a
cross-sectional view of the light-emitting device 200' in
accordance with another embodiment of the present disclo-
sure. The light-emitting device 200" has a structure similar
with the light-emitting device 200. The devices, elements or
steps with similar or the same symbols represent those with
the same or similar functions. The light-emitting device 200'
further includes a dam 35 formed on the top surface 101'
and/or the bottom surface 102' to surround the light-emitting
units 12A, 12B (as shown in FIG. 5E). Subsequently, a trans-
parent body 103 is formed on the light-emitting units 12A,
12B and the dam 35. In this embodiment, the dam 35 has a
height (0.3 mm~0.75 mm) lower than that of the light-emit-
ting units 12A, 12B (0.8 mm~1 mm), thereby a coverage
range of the transparent body 103 can be substantially limited
by the dam 35. Using the same amount of transparent body
103, compared to the light-emitting device without the dam
35, the transparent body 103 of the light-emitting device with
the dam 35 has a smooth top surface for improving a unifor-
mity of the emitting angle of the light-emitting device. The
dam 35 is made of a material the same or different from the
transparent body 103 and including silicone, epoxy, polyim-
ide, BCB, PFCB, SUS, acrylic resin, PMMA, PET, PC, poly-
etherimide, fluorocarbon polymer, glass, Al,O;, SINR, SOG,
Poly(tetrafluoroethene) or combinations thereof.

[0068] FIGS. 6A and 6B illustrate cross-sectional views of
the light-emitting device 300 in accordance with another
embodiment of the present disclosure. FIG. 6C illustrates a
top view of the light-emitting device 300 without showing an
electrical plate 25. The light-emitting device 300 includes a
carrier 10" having a top surface 101" and a bottom surface
102" opposite to the top surface 101", a plurality of light-
emitting units 13 disposed on the top surface 101", a top
electrode 20" on the top surface 101", an electrical plate 25,
and a transparent body 103 covering the top electrode 20", the
light-emitting units 13 and part of the electrical plate 25. As
shown in FIG. 6C, the top electrode 20" includes a first
electrode pad 201", a second electrode pad 202", a plurality of
first electrode parts 2011", a plurality of second electrode
parts 2012", and a third electrode part 2013". The first elec-
trode pad 201" and the second electrode pad 202" are
arranged at the same side and the same surface (the top
surface). The first electrode part 2011" and the second elec-
trode part 2012" are arranged in a straight line along a length
direction of the carrier 10" (X), and physically and alternately
spaced apart from each other. The third electrode part 2013"
is a straight line and parallel with the first electrode part 2011"
and the second electrode part 2012". The top electrode 20"
further includes a bended part 2014" which has an end
arranged in a straight line with and spaced apart from the
second electrode part 2012" while the other end is physically
and electrically connected to the third electrode part 2013".
The second electrode part 2012" includes a plurality of sub
electrode part 20121" spaced apart from each other. In this
embodiment, the second electrode part 2012" includes three
sub electrode parts 20121" spaced apart from each other by a
distance. Referring to FIG. 6A, the light-emitting unit 13 has
afirst connecting pad (not shown) at a position corresponding
to the first electrode part 2011" for electrically connecting
therebetween, and the light-emitting unit 13 has a second
connecting pad (not shown) at a position corresponding to
adjacent first electrode part 2011' for electrically connecting
therebetween. The second electrode part 2012" contacts the
light-emitting unit 13 but is not electrically connected to the
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light-emitting unit 13 for dissipating heat from the light-
emitting unit 13 to the ambient (air). In another embodiment,
the second electrode part 2012" can also be electrically con-
nected to the light-emitting unit 13. As shown in FIGS. 6A,
6B, 6D, and 6E, the clectrical plate 25 includes a board 250
having a top surface 251 and a bottom surface 252 opposite to
the top surface 251, a first electrode block 253 formed on the
top surface 251 and a second electrode block 254 formed on
the bottom surface 252. Referring to FIG. 6D, the first elec-
trode block 253 has a first section 2531 and a second section
2532 connecting to the first section 2531. Referring FIG. 6E,
the second electrode block 254 has a third section 2541, and
a fourth section 2542 without physically connecting to the
third section 2541. The second section 2532 and the fourth
section 2542 are respectively formed on the top surface 251
and the bottom surface 252 at the position corresponding to
each other. A hole 255 penetrates through the board 250 at the
second section 2532 and the fourth section 2542 (as shown in
FIG. 6A), and a conductive material can be fully or partly
filled within the hole 255 for electrically connecting the sec-
ond section 2532 with the fourth section 2542. The electrical
plate 25 is disposed at a position corresponding to the top
electrode 20" of the carrier 10", the fourth section 2542 is
physically and electrically connected to the first electrode pad
201", the third section 2541 is physically and electrically
connected to the second electrode pad 202", and the fourth
section 2542 is electrically connected to the first electrode
block 253 through the conductive material filled within the
hole 255. In operation, a positive node and a negative node of
the external source can be electrically connected to the first
section 2531 of the first electrode block 253 and the third
section 2541 of the second electrode block 254 such that the
light-emitting units 13 can emit light. Specifically, the first
electrode block 253 is electrically connected to the fourth
section 2542 through the conductive material filled within the
hole 255, and the fourth section 2542 is physically and elec-
trically connected to the first electrode pad 201", thus the
positive node of the external source can be electrically con-
nected to the first electrode pad 201". Likewise, the negative
node of the external source can be electrically connected to
the second electrode pad 202" through the third section 2541.
Since the positive node and the negative node of the external
source can be electrically connected to the first electrode
block 253 and the second electrode block 254, respectively,
and the first electrode block 253 and the second electrode
block 254 are respectively arranged on the top surface 251
and the bottom surface 252 of the electrical plate 25, the
external source is connected to the electrical plate 25 at the
different surfaces (top surface 251 and bottom surface 252)
but at the same side. By virtue of the hole 255, the first section
253 is connected to the first electrode pad 201" such that the
positive node and the negative node of the external source can
be electrically connected to the first electrode pad 201" and
the second electrode pad 202", respectively, and the first
electrode pad 201" and the second electrode pad 202" are
formed on the top surface 101" of the carrier 10", therefore,
the external source is connected to the carrier 10" at the same
surface (top surface 101") and at the same side. In another
embodiment, the first electrode block and the second elec-
trode block can be designed to form on the top surface of the
electrical plate and a hole is formed at the first electrode block
and the second electrode block. With the conductive material
filled within the hole, the first electrode block and the second
electrode block are electrically connected to the first elec-
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trode pad and the second electrode pad, respectively, there-
fore, the external source is connected to the electrical plate at
the same surface (top surface 101) and at the same side.

[0069] It is noted that the sub electrode parts described in
FIG. 5A can also be formed in FIGS. 2A, 3A 4 A~4E. In other
words, there are sub electrode parts formed between the elec-
trode blocks 2031 in FIG. 2A; there are sub electrode parts
formed between the first electrode region 2041 and the second
electrode region 2042 in FIG. 3A; there are sub electrode
parts formed between the electrode zones 2051 in FIG. 4A;
there are sub electrode parts formed between the first elec-
trode bar 2061 and the second electrode bar 2062 in F1G. 4B,
there are sub electrode parts formed between the first branch
20913 and the second branch 20922 in FIG. 4C; there are sub
electrode parts formed between the third branch 31013 and
the fourth branch 31023 in FIG. 4D; and there are sub elec-
trode parts formed between the first electrode region 2071,
the second electrode region 2072, and the third electrode
region 2073. The sub electrode parts contacts the light-emit-
ting unit but is not electrically connected to the light-emitting
unit for dissipating heat from the light-emitting unit to the
ambient (air). In another embodiment, the sub electrode parts
can also be electrically connected to the light-emitting unit.

[0070] FIG. 7A illustrates a cross-sectional view of a light-
emitting diode unit 1000 in accordance with one embodiment
of'the present disclosure, which can be used as any one of the
light-emitting units 11, 12A, 12B, 13 in FIGS. 1A, 3A,
4A~4F, 5A, 5D, and 6A. The light-emitting diode unit 1000
includes a substrate 7000, a first-type semiconductor layer
7001, an active layer 7002, and a second-type semiconductor
layer 7003. The first-type semiconductor layer 7001 and the
second-type semiconductor layer 7003, for example a clad-
ding layer or a confinement layer, respectively provide elec-
trons and holes such that electrons and holes can be combined
in the active layer 7002 to emit light. A first conductive
portion 7004 and a second conductive portion 7005 are
formed on the second-type semiconductor layer 7003 and the
first-type semiconductor layer 7001, respectively. The light-
emitting diode unit 1000 is a flip-chip light-emitting diode
unit. In another embodiment, the light-emitting diode unit
1000 can further includes a wavelength conversion material
(not shown) formed on the substrate 7000 to convert light
emitted by the active layer 7002. In another embodiment, the
light-emitting diode unit 1000 is a thin-film light-emitting
diode structure without the substrate 7000. Therefore, a
wavelength conversion material (not shown) is directly
formed on the first-type semiconductor layer 7001. It is noted
that when the light-emitting diode unit 1000 is used as any
one of the light-emitting units 11, 12A, 12B, 13 in FIGS. 1A,
3A,4A~4F, 5A,5D, and 6A, the first conductive portion 7004
acts as the previously described first connecting pad or the
second connecting pad, and the second conductive portion
7005 acts as the previously described second connecting pad
or the first connecting pad. Accordingly, a connection con-
figuration between the first conductive portion 7004, the sec-
ond conductive portion 7005, the top electrode or/and the
bottom electrode is the same as the connection configuration
between the first (second) connecting pad, the second (first)
connecting pad, the top electrode or/and the bottom electrode.
The light-emitting diode unit 1000 further includes a protec-
tive layer 7006 made of a transparent insulation material with
a high thermal conductivity coefficient (for example, dia-
mond like carbon) and formed to cover the first-type semi-
conductor layer 7001, the second-type semiconductor layer
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7003, and the active layer 7002. Therefore, when the light-
emitting diode unit 1000 is used as the light-emitting units
12A, 12B, 13 in FIGS. 5A and 6 A, the protective layer 7006
can contact the electrode part 2012', 3012', 2012" for dissi-
pating heat from the light-emitting diode unit 1000 to the
ambient (air). Furthermore, the protective layer 7006 can also
include a reflective material therein (for example, TiO,, SiO,,
Al O, ZrO,, 718, 7Zn0, or MgO).

[0071] FIG. 7B illustrates a cross-sectional view of a light-
emitting diode unit 1001 in accordance with one embodiment
of the present disclosure. The light-emitting diode unit 1001
has a structure similar with the light-emitting diode unit 1000,
and can also be used as any one of the light-emitting units 11,
12A, 12B, 13 in FIGS. 1A, 3A, 4A~4F, 5A, and 6A. The
devices, elements or steps with similar or the same symbols
represent those with the same or similar functions. The light-
emitting diode unit 1001 further includes a reflective layer
7007 to cover the first-type semiconductor 7001, the second-
type semiconductor 7003, and the active layer 7002. Accord-
ingly, the light emitted from the active layer 7002 is able to be
reflected toward the substrate 7000. The light-emitting diode
unit 1001 can also include a protective layer 7006 formed on
the reflective layer 7007 that is made of a transparent insula-
tion material with a high thermal conductivity coefficient (for
example, diamond like carbon). When the light-emitting
diode unit 1001 is used as the light-emitting units 12A, 12B,
13 in FIGS. 5A and 6A, the protective layer 7006 can contact
the electrode part 2012', 3012', 2012" for dissipating heat
from the light-emitting diode unit 1001 to the ambient (air).
The reflective layer 7007 comprises insulating material, such
as Si0,, Al,O;, TiO, or combinations thereof.

[0072] FIG. 7C illustrates a cross-sectional view of a light-
emitting diode unit 1002 in accordance with one embodiment
of the present disclosure. The light-emitting diode unit 1002
has a structure similar with the light-emitting diode unit 1000
and can also be used as any one of the light-emitting unit 11,
12A, 12B, 13 in FIGS. 1A, 3A, 4A~4F, 5A, and 6A. The
devices, elements or steps with similar or the same symbols
represent those with the same or similar functions. The light-
emitting diode unit 1000 merely includes a light-emitting
diode; however, the light-emitting diode unit 1002 includes a
plurality of light-emitting diodes commonly formed on a
common substrate 7010. The light-emitting diodes are physi-
cally spaced apart from each other on the common substrate
7010 and a conductive structure 7015 is provided to electri-
cally connect the light-emitting diodes with each other in
series, in parallel or in series-parallel such that the light-
emitting diode unit 1002 is capable of operating in a high
voltage (an operating voltage (such as 6V, 12V, 24V, 36V, or
45V) is larger than the forward voltage of a light-emitting
diode (about 3V)). In this embodiment, the light-emitting
diode unit 1002 includes three light-emitting diodes and has
an operating voltage of about 9V (3V*3=9V). An insulation
layer 7016 formed between the light-emitting diodes and the
conductive structure 7015 for avoiding an undesired electri-
cal path. In another embodiment, as shown in FIGS. 7A and
7B, the light-emitting diode unit 1002 con includes a protec-
tive layer (not shown) for covering the first-type semiconduc-
tor 7001, the second-type semiconductor 7003, the active
layer 7002 and the conductive structure 7015. Alternatively, a
reflective layer (not shown) is provided to cover the first-type
semiconductor 7001, the second-type semiconductor 7003,
and the active layer 7002. Accordingly, the light emitted from
the active layer 7002 is able to be reflected toward the sub-
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strate 7000. Likewise, when the light-emitting diode unit
1002 is used as the light-emitting unit 12A, 12B, 13 in FIGS.
5A and 6A, the protective layer 7006 can contact the electrode
part 2012', 3012', 2012" for dissipating heat from the light-
emitting diode unit 1002 to the ambient (air). It is noted that
the light-emitting diode unit 1002 merely has one first con-
ductive portion 7004' formed on the second-type semicon-
ductor layer 7003 of one light-emitting diode and one second
conductive portion 7005' are formed on the first-type semi-
conductor layer 7001 of another light-emitting diode. When
the light-emitting diode unit 1002 is used as the light-emitting
unit 11, 12A, 12B, 13 in FIGS. 1A, 3A, 4A~4F, 5A, 5D, and
6A, the first conductive portion 7004' acts as the previously
described first connecting pad or the second connecting pad,
and the second conductive portion 7005' acts as the previ-
ously described second connecting pad or the first connecting
pad. Accordingly, a connection configuration between the
first conductive portion 7004', the second conductive portion
7005', the top electrode or/and the bottom electrode is the
same as the connection configuration between the first (sec-
ond) connecting pad, the second (first) connecting pad, the
top electrode or/and the bottom electrode. By connecting the
first conductive portion 7004' and the second conductive por-
tion 7005’ to the external source, all the light-emitting diodes
can emit light. The reflective layer 7007 includes an insulat-
ing material, such as SiO,, Al,O;, TiO, or combinations
thereof.

[0073] FIG. 7D illustrates a cross-sectional view of a light-
emitting diode unit 1003 in accordance with one embodiment
of the present disclosure. The light-emitting diode unit 1003
has a structure similar with the light-emitting diode unit 1000
and can also be used as any one of the light-emitting units 11,
12A, 12B, 13 in FIGS. 1A, 3A, 4A~4F, 5A, and 6A. The
devices, elements or steps with similar or the same symbols
represent those with the same or similar functions. The light-
emitting diode unit 1003 further includes a first expansion
electrode portion 7024 that is physically and electrically con-
nected to the first conductive portion 7004, and that has an
area greater than that of the first conductive portion 7004; and
a second expansion electrode portion 7025 that is physically
and electrically connected to the second conductive portion
7005 and that has an area greater than that of the second
conductive portion 7005. Likewise, when the light-emitting
diode unit 1003 is used as the any one of light-emitting units
11, 12A, 12B, 13 in FIGS. 1A, 3A, 4A~4F, 5A, 5D, and 6A,
the first expansion electrode portion 7024 acts as the previ-
ously described first (second) connecting pad), and the sec-
ond expansion electrode portion 7025 acts as the previously
described second (first) connecting pad. Accordingly, a con-
nection configuration between the first expansion electrode
portion 7024, the second expansion electrode portion 7025,
the top electrode or/and the bottom electrode is the same as
the connection configuration between the first (second) con-
necting pad, the second (first) connecting pad, the top elec-
trode or/and the bottom electrode. In this embodiment, the
first expansion electrode portion 7024 and the second expan-
sion electrode portion 7025 are provided for facilitating a
subsequent alignment process.

[0074] FIG. 8A illustrates a cross-sectional view of a light-
emitting diode unit 2000 in accordance with one embodiment
of'the present disclosure, which can be used as any one of the
light-emitting units 11, 12A, 12B, 13 in FIGS. 1A, 3A,
4A~4F, 5A, 5D, and 6A. The light-emitting diode unit 2000
has a structure similar with the light-emitting diode unit 1003.
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The devices, elements or steps with similar or the same sym-
bols represent those with the same or similar functions. The
light-emitting diode unit 2000 includes a substrate 7000, a
first-type semiconductor layer 7001, an active layer 7002 and
a second-type semiconductor layer 7003. The first-type semi-
conductor layer 7001 and the second-type semiconductor
layer 7003, for example a cladding layer or a confinement
layer, respectively provide electrons and holes such that elec-
trons and holes can be combined in the active layer 7002 to
emit light. A first conductive portion 7004 and a second
conductive portion 7005 are formed on the second-type semi-
conductor layer 7003 and the first-type semiconductor layer
7001, respectively. The light-emitting diode unit 2000 is a
flip-chip light-emitting diode unit. A space 7008 is formed
between the first conductive portion 7004 and the second
conductive portion 7005. The first conductive portion 7004
has a contact surface 70041 and the second conductive por-
tion 7005 has a contact surface 70051 substantially coplanar
with the contact surface 70041. A transparent substance cov-
ers the substrate 7000, the first-type semiconductor layer
7001, the active layer 7002 and the second-type semiconduc-
tor layer 7003 and further fully fills into the space 7008 to
form a first transparent structure 7026. In another embodi-
ment, the transparent substance does not fully fill the space
7008, and there may have air between the first conductive
portion 7004 and the second conductive portion 7005. The
first transparent structure 7026 has a surface 70261 substan-
tially coplanar with the contact surface 70041, 70051. Sub-
sequently, the protective layer 7006 formed on a surface of the
first transparent structure 7026 to expose the first conductive
portion 7004 and the second conductive portion 7005. A first
expansion electrode portion 7024 and a second expansion
electrode portion 7025 formed on and electrically connected
to the first conductive portion 7004 and the second conductive
portion 7005, respectively, and further formed on the protec-
tive layer 7006. In this embodiment, the first expansion elec-
trode portion 7024 has a sidewall 70241 not coplanar with a
sidewall 70061 of the protective layer 7006; the second
expansion electrode portion 7025 has a sidewall 70251 not
coplanar with another sidewall 70062 of the protective layer
7006. In other embodiment, the sidewall 70241 of the first
expansion electrode portion 7024 can be coplanar with a
sidewall 70061 of the protective layer 7006; the sidewall
70251 of the second expansion electrode portion 7025 can be
coplanar with the another sidewall 70062 of the protective
layer 7006. The light-emitting diode unit 2000 further
includes a second transparent structure 7027 formed on the
first transparent structure 7026. The first transparent structure
7026 includes silicone, epoxy, polyimide (PI), BCB, perfluo-
rocyclobutane (PFCB), SUS, acrylic resin, polymethyl meth-
acrylate (PMMA), polyethylene terephthalate (PET), poly-
carbonate (PC), polyetherimide, fluorocarbon polymer,
AL, O;, SINR, or spin-on-glass (SOG). The second transpar-
ent structure 7027 can include sapphire, diamond, glass,
epoxy, quartz, acryl resin, SiO,, Al,O;, ZnO, silicone, and/or
any combination thereof.

[0075] FIG. 8B illustrates a cross-sectional view of a light-
emitting diode unit 2001 in accordance with one embodiment
of'the present disclosure, which can be used as any one ofthe
light-emitting units 11, 12A, 12B, 13 in FIGS. 1A, 3A,
4A~4F, 5A, 5D, and 6A. The light-emitting diode unit 2001
has a structure similar with the light-emitting diode unit 2000.
The devices, elements or steps with similar or the same sym-
bols represent those with the same or similar functions. The
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light-emitting diode unit 2000 merely includes a light-emit-
ting diode; however, the light-emitting diode unit 2001
includes a plurality of light-emitting diodes. In this embodi-
ment, each of the light-emitting diodes has a respective sub-
strate, but in another embodiment, as shown in FIG. 7C, the
light-emitting diodes can be commonly formed on a sub-
strate. The light-emitting diodes are electrically connected to
each other (in series, in parallel or in series-parallel) through
a conductive structure 7015'. In this embodiment, the conduc-
tive structure 7015' physically and electrically connects the
second conductive portion 7005 of one light-emitting diode
with the first conductive portion 7004 of adjacent light-emit-
ting diode in series. The transparent structure 7026 covers the
light-emitting units. It is noted that when the light-emitting
diode unit 2001 is used as any one of the light-emitting units
11, 12A, 12B, 13 in FIGS. 1A, 3A, 4A-4F, 5A, 5D, and 6A,
the first expansion electrode portion 7024 acts as the previ-
ously described first (second) connecting pad, and the second
expansion electrode portion 7025 acts as the previously
described second (first) connecting pad. Accordingly, a con-
nection configuration between the first expansion electrode
portion 7024, the second expansion electrode portion 7025,
the top electrode or/and the bottom electrode is the same as
the connection configuration between the first (second) con-
necting pad, the second (first) connecting pad, the top elec-
trode or/and the bottom electrode. By connecting the first
expansion electrode portion 7024 and the second expansion
electrode portion 7025 to the external source, the light-emit-
ting diodes can emit light. FIG. 8C is a partially cross-sec-
tional view where the light-emitting diode unit 2001 is
applied in the light-emitting device of FIG. 5. In this embodi-
ment, only one light-emitting diode unit 2001 is shown to be
disposed on the carrier 10. The light-emitting diode unit 2001
includes four light-emitting diodes 12A1, 12A2; 12A3,
12A4. The first expansion electrode portion 7024 merely
covers partial of the first electrode part 2011'A and the second
expansion electrode portion 7025 and merely cover partial of
the first electrode part 2011'B. The conductive structure 7015'
includes a plurality of sub conductive structures 70151' which
all are not physically connected to the first electrode parts
2011'A, 2011'B. The first electrode part 2011'A is merely
physically connected to the light-emitting diodes 12A1, the
second electrode part 2012' is physically connected to the
light-emitting diodes 12A1, 12A2, 12A3, 12A4, and the first
electrode part 2011'B is merely physically connected to the
light-emitting diodes 12A4. The first transparent structure
7026 merely cover partial of the first electrode part 2011'A,
2011'B but cover full of the second electrode part 2012'. A
protective layer 7006 is formed between the conductive struc-
ture 7015' and the first transparent structure 7026. The con-
ductive structure 7015' can be physically connected to the
electrode part 2012' (3012") for dissipating heat from the
light-emitting diode unit 2001 to the ambient (air). Similarly,
the light-emitting diode unit 2001 can also be used as the
light-emitting unit 13 in FIG. 6A. Alternatively, when the
light-emitting device of the aforesaid embodiments further
has sub electrode parts, the light-emitting diode unit 2001 can
still be used as any one of the light-emitting unit of these
light-emitting devices. In this embodiment, the conductive
structure 7015' includes Au, Al, Cu, or Pt, and is electrically
connected to the electrode part 2012' (3012', 2012"). The
conductive structure 7015' has a shape or area as the same as
that of the electrode part 2012' (3012', 2012"). Referring to
FIGS. 5A, 8C (6A), the electrode part 2012' (3012, 2012")
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has three sub electrode parts 20121' (30121', 20121") and the
conductive structure 7015' has three sub conductive struc-
tures 70151', that is, the amount of the sub electrode parts is
equal to (corresponding to) the sub conductive structures. In
other embodiment, the sub conductive structure 70151' has an
area smaller than that of the corresponding sub electrode part.

[0076] FIG. 8D illustrates a cross-sectional view of a light-
emitting diode unit 2002 in accordance with one embodiment
of'the present disclosure, which can be used as any one ofthe
light-emitting units 11, 12A, 12B, 13 in FIGS. 1A, 3A,
4A~4F, 5A, 5D, and 6 A. The devices, elements or steps with
similar or the same symbols represent those with the same or
similar functions. The light-emitting diode unit 2001 includes
a plurality of light-emitting diodes commonly formed on a
common substrate 7000. The light-emitting diodes are physi-
cally spaced apart from each other on the common substrate
7000 and a conductive structure 7015 is provided to electri-
cally connect the light-emitting diodes with each other in
series, in parallel or in series-parallel such that the light-
emitting diode unit 2002 is capable of operating in a high
voltage (an operating voltage (such as 6V, 12V, 24V, 36V, or
45V) larger than the forward voltage of a light-emitting diode
(about 3V)). In this embodiment, the light-emitting diode unit
2002 includes four light-emitting diodes and has an operating
voltage of about 12V (3V*4=12V). An insulation layer 7016
is formed between the light-emitting diodes and the conduc-
tive structure 7015 for avoiding an undesired electrical path.
It is noted that the light-emitting diode unit 2002 merely has
one first conductive portion 7004 formed on the second-type
semiconductor layer 7003 of one light-emitting diode and one
second conductive portion 7005 formed on the first-type
semiconductor layer 7001 of another light-emitting diode.
When the light-emitting diode unit 2002 is used as any one of
the light-emitting units 11, 12A,12B, 13 in FIGS. 1A, 3A,4A
4F, 5A, 5D, and 6A, the first conductive portion 7004 acts as
the previously described first connecting pad or the second
connecting pad, and the second conductive portion 7005 acts
as the previously described second connecting pad or the first
connecting pad. Accordingly, a connection configuration
between the first conductive portion 7004, the second con-
ductive portion 7005, the top electrode or/and the bottom
electrode is the same as the connection configuration between
the first (second) connecting pad, the second (first) connect-
ing pad, the top electrode or/and the bottom electrode. By
connecting the first conductive portion 7004 and the second
conductive portion 7005 to the external source, all the light-
emitting diodes can emit light. The first transparent structure
7026 covers all the light-emitting units.

[0077] The aforesaid light-emitting diode units 1000, 1001,
1002, 2000, 2001, 2002 having the protective layer or/and the
reflective layer can emit light from the light-emitting diode
unit toward the substrate which is substantially defined as a
five-surface light-emitting diode unit. When the light-emit-
ting units 11, 13 are merely arranged on the top surface 101,
101" of the carrier 10, 10" (shown in FIGS. 1A, 3A, 4A~4F,
6A) and includes a transparent body 103 having the wave-
length conversion layer dispersed in and formed on the light-
emitting units 11, 13 and portion of the carrier, portion of the
light (ex. blue light) emitted from the light-emitting unit is
converted to another light (ex. yellow or yellowish-green
light) by the wavelength conversion layer. The blue light is
mixed with the yellow light (or yellowish-green light) to form
a white light. In other embodiment, the light-emitting diode
unitincludes a wavelength conversion material for converting
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the light emitted by the active layer, thus the transparent body
103 does not includes the wavelength conversion layer. In this
embodiment, the carrier is a transparent or semi-transparent.
Portions of the white light can be scattered or reflected by the
particles within the wavelength conversion layer (or the
wavelength conversion material) to be incident on the trans-
parent or semi-transparent carrier such that the white light not
only emits outwardly through a side (top surface) of the
transparent carrier on which the light-emitting unit is
arranged, but also emits outwardly through a side surface and
a bottom surface of the transparent carrier, which indicates
the white light can emit outwardly through all surfaces of the
carrier (defined as a six-surface light-emitting device). In
addition, a diffusing powder (ex. TiO,) is optionally added
into the wavelength conversion layer (or the wavelength con-
version material) for increasing the possibility in which the
white light progresses downward. In short, in this embodi-
ment, an approximately uniform light distribution (can be
seen from a six-surface light-emitting device) can be achieved
by using a non-uniform light source (such as five-surface
light-emitting diode). Furthermore, the white light at the side
of the transparent carrier on which the light-emitting unit is
arranged (top surface) has a first average correlated color
temperature (CCT); the white light at another side of the
transparent carrier (bottom surface) has a second average
correlated color temperature less than the first average corre-
lated color temperature. A difference of the first average
correlated color temperature and the second average corre-
lated color temperature is not smaller than 50K and not
greater than 300K. To be specific, the light-emitting device is
disposed on a black base with the top surface facing upward
and is electrically connected to the external source. When the
light-emitting device emits light, a Chroma Meter (for
example, UPRtek, MK350) is used to measure the correlated
color temperature to obtain the first average correlated color
temperature. Hereinafter, the light-emitting device is pro-
vided with its bottom surface facing upward and is electri-
cally connected to the external source. When the light-emit-
ting device emits light, the second average correlated color
temperature is measured. Alternatively, a goniophotometer is
used to obtain the correlated color temperature of the white
light at any point in a space. For example, the light-emitting
device is viewed as a central point, and a correlated color
temperature spatial distribution of the light emitted from the
light-emitting device is shown in FIG. 8E (0°~360°). The
spatial angle at the top surface of the carrier (with the light-
emitting unit) is defined as 0°~180° and the spatial angle at
the bottom surface of the carrier (without the light-emitting
unit) is defined as 180°~360°. In the range of 0°~180°, the
correlated color temperature at any angle is measured to
obtain a first correlated color temperature; in the range of
180°~360°, the correlated color temperature at any angle is
measured to obtain a second correlated color temperature; the
first correlated color temperature is greater than the second
correlated color temperature and a different of the first corre-
lated color temperature and the second correlated color tem-
perature is not smaller than S0K and not greater than 300K. As
shown in FIG. 8E, within the range of 180°~360°, the corre-
lated color temperature in the range of 210°~225° and
315°~300° is higher. In addition, the average correlated color
temperature at the top surface (0°~180°) is greater than that at
the bottom surface (180°~360°).

[0078] FIG. 9 illustrates a cross-sectional view of a light-
emitting device 400 in accordance with another embodiment
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of the present disclosure. The light-emitting device 400
includes a transparent carrier 10", a plurality of light-emit-
ting diode units 1004 disposed on the transparent carrier 10",
a first electrode pad 201" and a second electrode pad 202"
The light-emitting diode unit 1004 includes a substrate 140, a
first-type semiconductor layer 141, an active layer 142 and a
second-type semiconductor layer 143. The first-type semi-
conductor layer 141 and the second-type semiconductor layer
143, for example a cladding layer or a confinement layer,
respectively provide electrons and holes such that electrons
and holes can be combined in the active layer 142 to emit
light. The light-emitting diode unit 1004 further includes a
first bonding pad 144 formed on the first-type semiconductor
layer 141 and a second bonding pad 145 formed on the sec-
ond-type semiconductor layer 143. The light-emitting diode
unit 1004 includes a reflective structure 146 formed between
the substrate 140 and the carrier 10" for reflecting the light
from the light-emitting diode unit 1004 toward the bonding
pad, which is substantially defined as a five-surface light-
emitting diode unit. A wire 147 connects the first bonding pad
144 of one light-emitting diode unit 1004 with the second
bonding pad 145 of adjacent light-emitting diode unit 1004 in
series. Moreover, the wire 147 further connects the light-
emitting diode unit 1004 with the first electrode pad 201" and
the second electrode pad 202"'. When the light-emitting
device 400 is connected to the external source (power sup-
ply), a positive node and a negative node of the external
source is electrically connected to the first electrode pad 201"
and the second electrode pad 202™, respectively, such that the
light-emitting diode unit 1004 can emit light. Similarly, since
a transparent body 103 including a wavelength conversion
layer (not shown) can be formed on the light-emitting diode
unit 1004 and portions of the transparent carrier 10"™. Portion
of the light (ex. blue light) emitted from the light-emitting
diode unit 1004 is converted to another light (ex. yellow or
yellowish-green light) by the wavelength conversion layer.
The blue light is mixed with the yellow light (or yellowish-
green light) to form a white light. Portions of the white light
can be scattered or reflected by the particles within the wave-
length conversion layer to be incident on the transparent
carrier such that the white light not only emits outwardly
through a side (top surface) of the transparent carrier on
which the light-emitting unit is arranged, but also emits out-
wardly through side surface and a bottom surface of the
transparent carrier, which indicates the white light can emit
outwardly through all surfaces (defined as a six-surface light-
emitting device). In addition, a diffusing powder (ex. TiO,) is
optionally added into the wavelength conversion layer (or the
wavelength conversion material) for increasing the possibil-
ity in which the white light progresses downward. In short, in
this embodiment, an approximately uniform light distribution
(can be seen from a six-surface light-emitting device) can be
achieved by using a non-uniform light source (such as five-
surface light-emitting diode). In other embodiment, a wave-
length conversion material is directly formed on the second-
type semiconductor layer 143 for converting the light emitted
by the active layer, thus the transparent body 103 does not
includes the wavelength conversion layer. The reflective layer
can be a single layer or a multilayer structure made of one or
more conductive material or insulating material. The conduc-
tive material includes Ag, Al, Ni. Cu, Au, Ti, or combinations
thereof. The insulating material includes epoxy, SiO,, Al,O;,
TiO,, silicone, resin or combinations thereof.
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[0079] It is noted that the carrier 10, 10", or 10" is transpar-
ent or non-transparent to the light emitted by the light-emit-
ting units 11, 12A, 12B, 13 depending on actual require-
ments. When the carrier is transparent, it can be glass (n
(refractive index)=1.4~1.7), SiC, diamond, epoxy, quartz,
acryl resin, SiO,, Al,O;, ZnO, silicone or combinations
thereof. The glass can include Soda-Lime Glass, Alumino
Silicate Glass, or low alkaline glass. When the carrier is
non-transparent, it can be circuit board with a core board
made of a metal, a thermoplastic material, a thermosetting
material or a ceramic material. The metal includes Al or Cu.
The thermosetting material includes phonetic, epoxy, bisma-
leimide triazine, or combinations thereof. The thermoplastic
material includes polyimide resin, or polytetrafiuorethylene.
The ceramic material includes Al,O;, AIN, or AISiC. The top
electrode and the bottom electrode can include Au, Al, Cu, Ag
or combinations thereof. In another embodiment, the carrier
is made of a flexible material such as polyimide. The trans-
parent body 103 is transparent or semi-transparent to the light
emitted by the light-emitting units 11, 12A, 12B, 13.

[0080] FIG. 10A illustrates a perspective view of an LED
bulb 500 in accordance with an embodiment of the present
disclosure. The LED bulb 500 includes a cover 50, a light-
emitting device 100, a circuit board 52, a heat sink 54, and an
electrical connector 56. The light-emitting device 100 can be
replaced by the light-emitting device 200, 300 and the light-
emitting device 200, 300 can be applied in the light-emitting
bulb 500. The light-emitting device 100 can be viewed as a
light filament. When the light-emitting device 100 is mounted
on the circuit board 52, the carrier 10 is connected to the
circuit board 52 through the same side but different surfaces
(see FIG. 1C) thereof. Alternatively, by the electrical plate 25,
the external source is connected to the carrier 10 at the same
surface but at two opposite sides (see FIGS. 6A~6E). The
circuit board 52 is mounted on the heat sink 54 for dissipating
heat generated by the light-emitting device 100 away there-
from in a conduction, convection or radiation method. The
electrical connector 56 is connected to the heat sink 54, and
also connected to the external source. In this embodiment, the
light-emitting devices are substantially disposed on the cir-
cuit board 52 in a vertical direction (Z) and arranged in a
triangular pattern (from the top view). In other embodiment,
the light-emitting devices can be arranged in a rectangular
pattern, a polygonal pattern or an approximate circle pattern.
FIG. 10B illustrates a top view of a circuit board on which the
light-emitting devices are mounted in accordance with an
embodiment of the present disclosure. The light-emitting
devices 100 are arranged in a quadrangular pattern while the
top surfaces 101 of each carrier (with the light-emitting units)
face outwardly and the bottom surfaces of each carrier (with-
out the light-emitting units) face each other. The LED bulb
501 further includes a light-emitting unit 15 disposed in an
interior space defined by the quadrangular pattern and sur-
rounding by the light-emitting devices 100. The light-emit-
ting unit 15 substantially emits light along the Z direction (see
FIG. 10A). It is noted that the light-emitting device 100 emits
white light and the light-emitting unit 15 emits red light so
this configuration can improve the color rendering (CR1=90)
or the Color Quality Scale (CQS=85). Any one of the light-
emitting diode unit 1000, 1001,1002,1003,2000,2001,2002
can be used as the light-emitting unit 15.

[0081] FIG. 11A illustrates a perspective view of an LED
bulb 502 in accordance with another embodiment of the
present disclosure. FIG. 11B illustrates a top view of FIG.
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11A. The LED bulb 502 is similar with the LED bulb 501. The
devices, elements or steps with similar or the same symbols
represent those with the same or similar functions. The light-
emitting devices 100 are substantially disposed on the circuit
board 52 in a vertical direction (Z) and arranged in a quadran-
gular pattern (from the top view). The light-emitting device
200, 300 can also be applied in this embodiment. In other
embodiment, the light-emitting devices can be arranged in a
rectangular pattern, a polygonal pattern or an approximate
circle pattern. Referring to FIG. 11B, the light-emitting
devices 100A, 100B are arranged along the first direction (A)
in a straight line with a width direction parallel with the first
direction. The light-emitting devices 100C, 100D are
arranged along the second direction (B) in a straight line with
a width direction parallel with the second direction. The first
direction is, but not limited to, substantially perpendicular to
the second direction. An angle between the first direction and
the second direction can be 30°, 45° or 60°. Each top surface
101 (with the light-emitting unit) of the light-emitting units
100A, 100B has a normal vector perpendicular to the first
direction (A) and the two normal vectors point in opposite
directions from each other (see arrow). Likewise, each top
surface 101 (with the light-emitting unit) of the light-emitting
units 100C, 100D has a normal vector perpendicular to the
second direction (B) and the two normal vectors point in
opposite directions from each other (see the arrow). Further-
more, the emitting direction (see the arrow) of the light-
emitting devices 100A, 100B, 100C, 100D can be viewed in
a clockwise direction (or anticlockwise). The top surface 101
of the light-emitting device 100A faces the bottom surface
102 of the light-emitting device 100D. FIG. 11C illustrates a
top view of a circuit board on which the light-emitting devices
are mounted in accordance with an embodiment of the
present disclosure. It is different from that of FIG. 11B that a
light-emitting unit 15 is further disposed in a space between
two adjacent light-emitting devices 100. The light-emitting
unit 15 substantially emits light along the Z direction (see
FIG. 10A). It is noted that the light-emitting device 100 emits
white light and the light-emitting unit 15 emits red light so
this configuration can improve the color rendering (CRI=90)
or the Color Quality Scale (CQS=85).

[0082] FIG. 11D illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure. The LED bulb includes a cover 50, four light-emit-
ting devices 100, a circuit board 52, a heat sink 54, and an
electrical connector 56. The detail structure of the light-emit-
ting device 100 can be referred to the aforesaid embodiments.
In this embodiment, the carrier of each of the light-emitting
devices 100 is made of a flexible material, such as polyimide.
The four light-emitting devices 100 are alternately arranged
over each other on the circuit board 52. Specifically, the
carrier of the bottom light-emitting device 100E is bent to
have an arc shape and the top surface of the carrier faces
outwardly so the light-emitting units 11 emit outwardly.
Similarly, the carrier of each of the first middle light-emitting
device 100F, the second middle light-emitting device 100G
and the top light-emitting device 100H is bent to have an arc
shape and the top surface of the carrier faces outwardly so the
light-emitting units 11 emit outwardly[??]. By this configu-
ration, light can emit toward different directions such that an
LED bulb with an omnidirectional direction light pattern can
be obtained. FIG. 11E illustrates a top view of FIG. 11D
without the cover 50. Each of the light-emitting devices
100E~100H extends in different directions (for example, the
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bottom light-emitting device 100E extends from point 1 to
point 2; the top light-emitting device 100H from point 3 to
point 4).

[0083] FIG. 11F illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure. The LED bulb includes a cover 50, a post 57, a
light-emitting device 100", a circuit board 58, a heat sink 54,
and an electrical connector 56. The light-emitting device 100
includes a flexible carrier 10 and a plurality of light-emitting
units 11 on the carrier 10. In this embodiment, the post 57 is
a solid cylinder and has a circuit for electrically connecting to
the light-emitting units 11. Alternatively, the post 57 can be a
hollow cylinder. FIG. 11G illustrates the flexible carrier 10 in
anon-bending state. The flexible carrier 10 has a first portion
107 and a second portion 108. In this embodiment, a plurality
of light-emitting units 11 is arranged on the first portion 107
in an array and one light-emitting unit 11 is arranged on the
second portion 108. When the flexible carrier 10 is attached to
the post 57, the first portion 107 is bent to wind along the
contour of a side surface of the post 57. Subsequently, the
second portion 108 is bent in a direction toward a center of the
post 57. After winding on the post 57, the second portion 108
is substantially perpendicular to the first portion 107. By this
configuration, the light-emitting units 11 on the first portion
107 emit light toward a side direction and the light-emitting
unit 11 on the second portion 108 emits light in an upward
direction, thereby an LED bulb with an omnidirectional
direction light pattern can be obtained. In addition, an enclos-
ing structure 59 is optionally provided to fully enclose the
light-emitting device 100" and the post 57. The enclosing
structure 59 is transparent and can be made of a material like
silicone or epoxy.

[0084] FIG. 11H illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure. The LED bulb of FIG. 11H has a structure similar to
that of FIG. 11F. The LED bulb is a type A bulb and includes
a cover 50, a pedestal 581, a post 57, a light-emitting device
100", a heat sink 54, and an electrical connector 56. The
light-emitting device 100" includes a flexible carrier 10 and a
plurality of light-emitting units 11 on the carrier 10. In this
embodiment, the post 57 is a hollow cylinder and has a circuit
for electrically connecting to the light-emitting units 11. FIG.
111 illustrates the flexible carrier 10 in a non-bending state.
Different from the light-emitting device 100", the light-emit-
ting device 100" includes four second portions 108 each of
which has one light-emitting unit 11 is arranged thereon[??].
By this configuration, the light-emitting units 11 on the first
portion 107 emit light toward a side direction and the light-
emitting units 11 on the second portions 108 emit light in an
upward direction, thereby an LED bulb with an omnidirec-
tional direction light pattern can be obtained.

[0085] FIG. 11]J illustrates a perspective view of an LED
bulb in accordance with one embodiment of the present dis-
closure. The LED bulb of FIG. 11] has a structure similar to
that of FIG. 11H. In this embodiment, the LED bulb does not
include a heat sink and the cover 50 is directly connected to
the electrical connector 56. The LED bulb is also the light-
emitting bulb with an omnidirectional direction light pattern.
It is noted that the aforesaid “omnidirectional direction light
pattern” means the light pattern complying with the definition
by Energy Star.

[0086] FIG. 12 illustrates a cross-sectional view of a light-
emitting tube in accordance with one embodiment of the
present disclosure. The light-emitting tube includes a light-
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emitting device, a holder 80 and a cover 81. The aforesaid
light-emitting devices can be combined with each other to
apply in this light-emitting tube. In another embodiment, the
cover 81 can be made of a flexible material such as polyimide
(PD). In this embodiment, taking the light-emitting device of
FIGS. 4A and 4B for example, the holder 80 includes a first
clamp portion 801, a second clamp portion 802, and a pen-
etrating hole 803. The first clamp portion 801 and the second
clamp portion 802 are spaced apart from each other and define
a space therebetween. The light-emitting device has a part
passing through the space and further through the penetrating
hole 803 to expose the top electrode pad 201 and the bottom
electrode pad 301 for electrically connecting to the external
source. With the clamp portions 801, 802 tightly clamping the
light-emitting device, the light-emitting device can be
mounted on the holder 80. In another embodiment, the space
between the clamp portions 801, 802 is larger than a width of
the light-emitting device and does not directly contact the
light-emitting device so an adhesive substance (not shown) is
filled within the space between the clamp portions 801, 802
for firmly mounting the light-emitting device on the holder.
The holder 82 substantially divides the light-emitting device
into two sides wherein one is with the light-emitting units 11
and the other is with the top electrode pad 201 and the bottom
electrode pad 301. The cover 81 merely covers the side with
light-emitting units 11 but does not cover the side with top
electrode pad 201 and the bottom electrode pad 301. In addi-
tion, the cover 81 is spaced apart from the light-emitting
device by a shortest distance (d2) smaller than 2 mm for
efficiently dissipating heat from the light-emitting device to
ambient (air) through the cover. Alternatively, a filler can be
filled between the cover 81 and the light-emitting device and
includes a transparent substance, a wavelength conversion
layer or a diffusing layer (not shown). The filler directly
contact the light-emitting device for conducting heat from the
light-emitting device to ambient (air) therethrough. More-
over, because of the filler, the light-emitting device has a
better hot/cold ratio. To be more specific, when the light-
emitting device is connected to the external source, in an
initial state, a cold-state lighting efficiency (light output (lu-
men)/watt) is measured, hereinafter, in every period of time
(ex. 30 ms), the lighting efficiency is measured. When a
difference between the adjacent measured light emitting effi-
ciencies is smaller than 0.5%, the latter light efficiency is
defined as a hot-state lighting efficiency. The hot/cold ratio is
a ratio of the hot-state lighting efficiency to the cold-state
lighting efficiency. In this embodiment, when the filler is
filled between the light-emitting device and the cover, the
hot/cold ratio of the light-emitting device is R, and when the
filler is not filled between the light-emitting device and the
cover, the hot/cold ratio of the light-emitting device is R,
wherein a difference of R, and R, is larger than 20%. The
adhesive substance can be made of a material the same as the
transparent substance. The cover 81 includes diamond, glass,
epoxy, quartz, acrylic resin, SiO,, Al,O,, ZnO or silicone.
The transparent substance includes silicone, epoxy, polyim-
ide (PI), BCB, perfluorocyclobutane (PFCB), SUS, acrylic
resin, polymethyl methacrylate (PMMA), polyethylene
terephthalate (PET), polycarbonate (PC), polyetherimide,
fluorocarbon polymer, Al,O;, SINR, spin-on-glass (SOG).

[0087] FIGS. 12A~12C illustrate drawings of a method
making the light-emitting tube of FIG. 12. Referring to FIG.
12A, a carrier 10 is provided and a plurality of light-emitting
units 11 disposed on the top surface 101 and the bottom
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surface 102 of the carrier 10 to form a light-emitting device.
Referring to FIG. 12B, a hollow cover 81 is provided and has
an open end and a closed end. A transparent substance 811
(which can include a wavelength conversion material and/or
a diffusing powder) is filled into the cover 81 from the open
end. Referring to FIG. 12C, a portion of the light-emitting
device is embedded into the transparent substance 811 such
that the top electrode pad 201 and the bottom electrode pad
301 are exposed from the open end. It is noted that, in the
embedded step, gas (air, bubble) may be generated, and a
degas step can be performed to remove the gas. Alternatively,
the gas is not entirely removed so there is gas existing in the
transparent substance 811. Subsequently, the transparent sub-
stance 811 can be solidified by heating or lighting. Optionally,
before the solidification, a holder is provided and the light-
emitting device passes through the penetrating hole of the
holder and is mounted on the holder (as shown in FIG. 12)
such that the side with the light-emitting units is fully sealed
by the cover to expose the top electrode pad 201 and the
bottom electrode pad 301 for electrically connecting to the
external source.

[0088] FIGS. 13A~13D illustrate drawings of a method
making the light-emitting device 600 in accordance with one
embodiment of the present disclosure. The light-emitting
device 600 is similar with the light-emitting device 100. The
devices, elements or steps with similar or the same symbols
represent those with the same or similar functions. Referring
to FIG. 13A and FIG. 13B, a carrier 10 is provided and the top
electrode 20, the bottom electrode 30 and a temporary elec-
trode 220 are formed on the carrier 10 using printing. A hole
221 is formed and a conductive material is fully or partly filled
with the hole 221 for electrically connecting the top electrode
20 with the bottom electrode 30. The temporary electrode 220
can be electrically connected to the top electrode 20. Further-
more, a scribe line 222 is formed on the bottom surface 102 of
the carrier at a position corresponding to the temporary elec-
trode 220. The light-emitting units 11 are mounted on the top
electrode 20 (or/and the bottom electrode, as shown in FIG.
5A) ofthe carrier 10 by surface mounted technology or wiring
bonding. Referring to FIGS. 13C and 13D, a first transparent
layer 1032 is formed to cover the light-emitting units 11 along
its contour; a wavelength conversion layer 1033 is formed to
cover the first transparent layer 1032 along its contour; and a
second transparent layer 1034 is formed to cover the wave-
length conversion layer 1033 without having the same con-
tour as the wavelength conversion layer 1033. During test, the
positive node and the negative node of the external source are
connected to the top electrode 20 and the temporary electrode
220, respectively, so the light-emitting units 11 emit light.
Hereinafter, the temporary electrode 220 and portions of the
carrier 10 are removed along the scribe line 222. In this
embodiment, the temporary electrode 220 is removed using
breaking, laser dicing, or diamond dicing that such methods
can cause a side 121 of the carrier 10 with a rough, unsmooth,
or irregular surface. On the contrary, another side 122 of the
carrier has a smooth surface. Therefore, the side 121 and
another side 122 have different roughness. The wavelength
conversion layer can be a single layer or a multilayer struc-
ture. FIG. 13E is a cross-sectional view of FIG. 13D (along X
direction). The light-emitting unit 11 has a height (H,), a
maximum distance between the second transparent layer
1034 and the carrieris H;; H,=0.5H,. It is noted that when the
light-emitting unit 11 includes the first transparent structure
(the light-emitting diode units 2000, 2001 or 2002 in FIG. 8A,
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FIG. 8B to FIG. 8D), and the first transparent structure 7026
is made of a material the same as the first transparent layer
1032, an interface formed therebetween is vague under the
electrical microscopy or the interface does not exist between
the first transparent structure 7026 and the first transparent
layer 1032.

[0089] While the aforesaid light-emitting device is applied
in an alternating current (AC) power supply or a direct current
(DC) power supply with a root mean square voltage of 120V,
the light-emitting device can be designed to have an operating
voltage of 140V+10%; while the light-emitting device is
applied in an alternating current (AC) power supply or a direct
current (DC) power supply with a root mean square voltage of
100V, the light-emitting device can be designed to have an
operating voltage of 115V+10%; while the light-emitting
device is supplied with an alternating current (AC) power
supply or adirect current (DC) power supply with a root mean
square voltage of 220V, the light-emitting device can be
designed to have an operating voltage of 280V+10%. The
alternating current (AC) power supply is rectified to a direct
current (DC) power supply. Furthermore, the light-emitting
device can also be supplied with a direct current power supply
with a substantially constant voltage (ex. battery) and the
light-emitting device can be designed to have an operating
voltage smaller than 15V. In addition, a plurality of light-
emitting devices is disposed in a support and the light-emit-
ting devices are electrically connected to each other in series,
in parallel, in series-parallel for increasing the applications.
Moreover, the aforesaid light-emitting device or light tube
can also be applied in U-shape lamp, spiral lamp, bulb, and
candle lamp.

[0090] It is noted that, besides the light-emitting diode unit
(FIGS. 7A~7D, 8A~8B and 8D) described in the present
disclosure can be used as any one of the light-emitting units.
However, the conventional package structure (for example,
3014 or 5630 package) can be used as any one of the light-
emitting units.

[0091] It is noted that the foregoing description has been
directed to the specific embodiments of this invention. It will
be apparent to those having ordinary skill in the art that other
alternatives and modifications can be made to the devices in
accordance with the present disclosure without departing
from the scope or spirit of the disclosure. In view of the
foregoing, it is intended that the present disclosure covers
modifications and variations of this disclosure provided they
fall within the scope of the following claims and their equiva-
lents.

What is claimed is:

1. An light-emitting device, comprising:

a first electrode part;

a second electrode part;

a third electrode part, spaced apart from the first electrode

part and the second electrode part; and

a light-emitting unit partially covering the first electrode

part and the second electrode part and fully covering the
second electrode part, the light-emitting unit having a
conductive structure contacting the second electrode
part.

2. The light-emitting device of claim 1, wherein the con-
ductive structure does not contact the first electrode part and
the third electrode part.

3. The light-emitting device of claim 1, wherein the light-
emitting unit further comprises a first light-emitting diode
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and a second light-emitting diode, and the first light-emitting
is connected to the second light-emitting diode through the
conductive structure.

4. The light-emitting device of claim 1, wherein the light-
emitting unit further comprises a first transparent structure
covering the first light-emitting diodes and the second light-
emitting diode.

5. The light-emitting device of claim 1, wherein the light-
emitting unit further comprises a connecting pad partially
covering the first electrode part.

6. The light-emitting device of claim 1, wherein the light-
emitting unit further comprises a first light-emitting diode
and a second light-emitting diode, and wherein the first elec-
trode part merely contacts the first light-emitting diode the
second part contacts the first light-emitting diode and the
second light-emitting diode, and the third electrode part
merely contacts the second light-emitting diode.

7. The light-emitting device of claim 1, wherein the light-
emitting unit further comprises a first transparent structure
that partially covers the first electrode part and the third
electrode part, and fully covers the second electrode part.

8. The light-emitting device of claim 7, further comprising
a protective layer formed between the conductive structure
and the first transparent structure.

9. The light-emitting device of claim 1, further comprising
a carrier and a transparent layer, wherein the light-emitting
unit is formed on the carrier and the transparent layer covers
the light-emitting unit; and a longest distance between the
transparent layer and the carrier is H, ; and the light-emitting
unit has a height (H,); H,=0.5H,.
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10. The light-emitting device of claim 1, further compris-
ing a transparent layer fully covering the light-emitting unit
and the second electrode part and partially covering the first
electrode part.

11. A light-emitting tube comprising (filament tube):

a cover having a first end;

a light-emitting device, enclosed by the cover, having two
electrode pads exposed from the first end of the cover;
and

a transparent substance formed between the light-emitting
device and the cover.

12. The light-emitting tube of claim 11, wherein the cover
comprises diamond, glass, epoxy, quartz, acrylic resin, SiO,,
Al,O5, ZnO or silicone.

13. The light-emitting tube of claim 11, wherein the trans-
parent substance includes silicone, epoxy, polyimide (PI),
BCB, perfluorocyclobutane (PFCB), SUS8, acrylic resin,
polymethyl methacrylate (PMMA), polyethylene terephtha-
late (PET), polycarbonate (PC), polyetherimide, fluorocar-
bon polymer, Al,O;, SINR, spin-on-glass (SOG).

14. The light-emitting tube of claim 11, wherein the light-
emitting device further comprises:

acarrier having a top surface and a bottom surface opposite
to the top surface; and

a light-emitting unit arranged on the top surface.

15. The light-emitting tube of claim 14, wherein the two
electrode pads are formed on the top surface.

16. The light-emitting tube of claim 14, wherein the two
electrode pads are formed on the same side of the carrier.

17. The light-emitting tube of claim 11, wherein the trans-
parent substance comprises a wavelength conversion mate-
rial.
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