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OPTOELECTRONIC DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

REFERENCE TO RELATED APPLICATION 

[ 0001 ] This present application is a continuation applica 
tion of U.S. patent application , Ser . No. 15 / 820,002 , filed on 
Nov. 21 , 2017 , now pending , which is a continuation appli 
cation of U.S. patent application , Ser . No. 14 / 791,949 , filed 
on Jul . 6 , 2015 , now patent U.S. Pat . No. 9,859,467 , claim 
ing the right of priority based on TW application Serial No. 
103123102 , filed on Jul . 3 , 2014 , and the content of which 
is hereby incorporated by reference in its entirety . 

semiconductor layer formed on the first surface of the first 
semiconductor layer ; a second conductive type electrode 
formed on the second semiconductor layer ; and two first 
conductive type electrodes formed on the first surface , 
wherein the first conductive type electrodes are separated 
and formed a pattern . 
[ 0007 ] An optoelectronic device comprises a first semi 
conductor layer comprising multiple boundaries ; a second 
semiconductor layer formed on the first semiconductor 
layer ; an active layer formed between the first semiconduc 
tor layer and the second semiconductor layer ; an insulating 
layer covering the second semiconductor layer , comprising 
a plurality of openings formed on one of the multiple 
boundaries , and a third electrode formed on the plurality of 
openings of the insulating layer to electrically connect the 
first semiconductor layer . 

TECHNICAL FIELD 

[ 0002 ] The disclosure is related to an optoelectronic 
device , and more particularly , an optoelectronic device with 
electrode pattern design . BRIEF DESCRIPTION OF THE DRAWING 

Description of the Related Art 
[ 0003 ] The lighting theory of light - emitting diodes 
( LEDs ) is to transform electrical energy to optical energy by 
applying electrical current to the LED and injecting elec 
trons and holes to the active layer , where the electrons and 
holes recombine to emit light . Due to the difference of 
lighting theories between LEDs and incandescent lamps , the 
LED is called “ cold light source ” . An LED has the advan 
tages of large environment tolerance , a long service life , 
portability , and low power consumption and is regarded as 
another option for the lighting application . LEDs are 
regarded as new generation lighting tools and widely 
adopted in different fields , for example , traffic lights , back 
light modules , street lights , and medical devices and replace 
conventional light sources gradually . 
[ 0004 ] FIG . 1 shows a schematic structure of a conven 
tional light emitting device . As shown in FIG . 1 , the con 
ventional light emitting device 100 includes a transparent 
substrate 10 , a semiconductor stack 12 on the transparent 
substrate 10 , and one electrode 14 on the abovementioned 
semiconductor stack 12 wherein the semiconductor stack 12 
includes a first conductive type semiconductor layer 120 , an 
active layer 122 , and a second conductive type semiconduc 
tor layer 124 disposed from the top to the bottom . 
[ 0005 ] Additionally , the abovementioned light emitting 
device 100 can combine and connect with other device to 
form a light emitting apparatus . As shown in FIG . 2 , a light 
emitting apparatus 200 includes a sub - mount 20 having one 
circuit 202 , a solder 22 on the sub - mount 20 for mounting 
the light emitting device 100 on the sub - mount 20 and 
electrically connecting the light emitting device 100 of the 
transparent substrate 10 with the circuit 202 of the sub 
mount 20 , and an electrical connecting structure 24 for 
electrically connecting with an electrode 14 of the light 
emitting device 100 and the circuit 202 of the sub - mount 20 . 
The abovementioned sub - mount 20 can be a lead frame or 
mounting substrate with a large size and is beneficial to a 
circuit layout of the light emitting apparatus 200 and heat 
dissipation of the light emitting apparatus 200 . 

[ 0008 ] The accompanying drawing is included to provide 
easy understanding of the present application , and is incor 
porated herein and constitutes a part of this specification . 
The drawing illustrates the embodiment of the present 
application and , together with the description , serves to 
illustrate the principles of the present application . 
[ 0009 ] FIG . 1 shows a side view of a conventional opto 
electronic device . 
[ 0010 ] FIG . 2 shows a schematic view of a convention 
light emitting apparatus . 
[ 0011 ] FIG . 3A , FIG . 3D , FIG . 3E and FIG . 3F show top 
views of an optoelectronic device in accordance with one 
embodiment of the present application . 
[ 0012 ] FIG . 3B shows a side view of an optoelectronic 
device in accordance with one embodiment of the present 
application . 
[ 0013 ] FIG . 3C , FIG . 3G and FIG . 3H show top views of 
an optoelectronic device in accordance with another 
embodiment of the present application . 
[ 0014 ] FIG . 4A to FIG . 4L show top views of an opto 
electronic device in accordance with another embodiments 
of the present application . 
[ 0015 ] FIG . 5A through FIG . 5C show a light emitting 
module . 
[ 0016 ] FIG . 6A and FIG . 6B show schematic views of a 
light generation apparatus . 
[ 0017 ] FIG . 7 shows a schematic view of a light bulb . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[ 0018 ] To better and concisely explain the present appli 
cation , please refer to the following description in accor 
dance with FIG . 3A to FIG . 7A . 
[ 0019 ] FIG . 3A and FIG . 3B show a top view and a side 
view of an optoelectronic device 300 in accordance with the 
first embodiment of the present application . FIG . 3B shows 
a side view of FIG . 3A along the direction of A - B - C . The 
optoelectronic device 300 includes a substrate 30. The 
substrate 30 is not limited to a single material , but can be a 
composite substrate made of multiple different materials . 
For example , the substrate 30 can include a first substrate 
and a second substrate jointed with each other ( not shown in 
the figures ) . 
[ 0020 ] In a conventional epitaxial growth process , an 
epitaxial stack 31 is formed on a substrate 30 and includes 

SUMMARY OF THE DISCLOSURE 

corner 
[ 0006 ] An optoelectronic device comprises a first semi 
conductor layer comprising four boundaries , a 
formed by two of the neighboring boundaries , a first surface , 
and a second surface opposite to the first surface ; a second 
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a first semiconductor layer 311 having a first surface 3111 
and a second surface 3112 opposite to the first surface 3111 , 
an active layer 312 formed on the first surface 3111 of the 
first semiconductor layer 3112 , and a second semiconductor 
layer 313 formed on the active layer 312. Next , a portion of 
the epitaxial stack is selectively removed by photolithogra 
phy so that a portion of the first semiconductor layer 311 on 
a boundary of the optoelectronic device 300 is exposed to 
form a groove S in the optoelectronic device 300. In one 
embodiment , the groove S exposes the portion of the first 
semiconductor layer 311 and is surrounded by the second 
semiconductor layer 313. In one embodiment , the top view 
of the groove S can be an elongated strip - shape . 
[ 0021 ] Next , a first insulating layer 341 is formed on a 
surface of the epitaxial stack 31 of the optoelectronic device 
300 and the abovementioned groove S by chemical vapor 
deposition ( CVD ) or physical vapor deposition ( PVD ) . FIG . 
3D further shows a top view of the first insulating layer 341 
highlighted by oblique stripes in accordance with the opto 
electronic device 300 shown in FIG . 3A . 
[ 0022 ] Next , at least a first part of the first conductive type 
electrode 321 is formed on the exposed portion of the first 
semiconductor layer 311 on the boundary of the optoelec 
tronic device 300. FIG . 3E further shows a top view of the 
first part of the first conductive type electrode 321 , and the 
second part of the first conductive type electrode 322 
highlighted by oblique stripes in accordance with the opto 
electronic device 300 shown in FIG . 3A . In one embodi 
ment , the first part of the first conductive type electrode 321 
is not surrounded by the second semiconductor layer 313 , 
and a second part of the first conductive type electrode 322 
is formed on the abovementioned groove S. In present 
embodiment , the separated first part of the first conductive 
type electrode 321 and the second part of the first conductive 
type electrode 322 are formed as an electrode pattern design 
of the first conductive type electrode . 
[ 0023 ] In one embodiment of present disclosure , the elec 
trode pattern design can include different selections of 
quantity , shape , and location of electrodes for enhancing 
current spreading near the boundary of the optoelectronic 
device . For example , the electrode pattern design of the first 
conductive type electrodes can include one or multiple of the 
first part of the first conductive type electrode 321 , and one 
or multiple of the second part of the first conductive type 
electrode 322 , while the second part of the first conductive 
type electrode 322 is surrounded by the second semicon 
ductor layer 313 in a top view and can be an extended shape . 
[ 0024 ] In one embodiment , the first semiconductor layer 
311 of the optoelectronic device 300 includes four bound 
aries while two neighboring boundaries form a corner , and 
there is no conductive structure crossing the boundaries . In 
present embodiment , two of the first part of the first con 
ductive type electrode 321 of the optoelectronic device 300 
are formed in two corners on the same side and are separated 
without crossing the boundaries of the optoelectronic device 
300 . 
[ 0025 ] In one embodiment , the projection of the first part 
of the first conductive type electrode 321 on the first 
semiconductor layer 311 can have a shape . The shape can be 
a polygon , a circle , an oval , a semi - circle , or a cambered 
surface . The shape of the second part of the first conductive 
type electrode 322 can be a line , a curve , or a combination 
of line and curve , or can have a branch . In one embodiment , 
the second part of the first conductive type electrode 322 can 

have a head portion and a tail portion ; the head portion have 
a width larger than that of the tail portion . 
[ 0026 ] Next , a second conductive type electrode 33 is 
formed on the second semiconductor layer 313. In one 
embodiment , the ratio of a projected area of the second 
conductive type electrode 33 on the first semiconductor 
layer 311 and an upper surface area of the second semicon 
ductor layer 313 can be between 90-100 % . 
[ 0027 ] After that , a second insulating layer 342 is formed 
on the first part of the first conductive type electrode 321 , the 
second part of the first conductive type electrode 322 , the 
second conductive type electrode 33 , and a portion of the 
first insulating layer 341. Herein the second insulating layer 
342 can have a first opening 3421 for electrically connecting 
the second conductive type electrode 33 with a fourth 
electrode 36 formed in the follow - up process . In one 
embodiment , the first insulating layer 341 or the second 
insulating layer 342 can completely cover the exposed 
portion of the first semiconductor layer 311 . 
[ 0028 ] In one embodiment , the first insulating layer 341 or 
the second insulating layer 342 can be a transparent insu 
lating layer . The material of the first insulating layer 341 or 
the second insulating layer 342 can be oxide , nitride , or 
polymer , and the oxide can include Al2O3 , SiO2 , TiO2 , 
tantalum pentoxide ( Ta205 ) or A10x ; the nitride can include 
AIN and SiNx ; the polymer can include polyimide , benzo 
cyclobutane ( BCB ) or a combination thereof . In one 
embodiment , the first insulating layer 341 or the second 
insulating layer 342 can be a Distributed Bragg Reflector 
( DBR ) structure . 
[ 0029 ] Finally , a third electrode 35 is formed on the 
second insulating layer 342 , the first part of the first con 
ductive type electrode 321 , and the second part of the first 
conductive type electrode 322 , and electrically connects 
with the first part of the first conductive type electrode 321 
and the second part of the first conductive type electrode 
322. From a cross - sectional view , the third electrode 35 
comprises a concave portion 350 corresponding to one of the 
first conductive type electrodes 321. The fourth electrode 36 
is formed on the second insulating layer 342 and the second 
conductive type electrode 33 , and electrically connects with 
the second insulating layer 342 and the second conductive 
type electrode 33. From a cross - sectional view , the fourth 
electrode 36 comprises a concave portion 360 corresponding 
to one of the first conductive type electrodes 322. FIG . 3F 
shows a top view of the third electrode 35 and the fourth 
electrode 36 highlighted by oblique stripes in accordance 
with the optoelectronic device 300 shown in FIG . 3A . In one 
embodiment , in a top view , the ratio of the projected area of 
the third electrode 35 on the first semiconductor layer 311 
and the fourth electrode 36 on the first semiconductor layer 
311 is 80-100 % . 
[ 0030 ] In one embodiment , the third electrode 35 can 
cover a portion of the first part of the first conductive type 
electrode 321. In another embodiment , the third electrode 35 
can be formed without even covering the first part of the first 
conductive type electrode 321 . 
[ 0031 ] In one embodiment , an upper boundary of the third 
electrode 35 to an upper boundary of the substrate 30 has a 
height H1 , an upper boundary of the fourth electrode 36 to 
an upper boundary of the substrate 30 has a height H2 , and 
the height H1 is substantially the same as the height H2 . In 
one embodiment , a difference between the height H1 and the 
height H2 is less than 5 ~ 10 % . By adjusting the difference 
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between the height H1 and the height H2 , the probability of 
line breakage is reduced when the optoelectronic device 300 
forms a flip - chip structure with the sub - mount or the elec 
trical circuit element , and thus a yield rate of the products 
can be enhanced . In one embodiment , the boundary of third 
electrode 35 to the boundary of the fourth electrode 36 has 
a distance D1 , and the distance D1 is larger than 50 um . In 
one embodiment , the distance D1 can be in a range of 
50-200 um or 100-200 um . 
[ 0032 ] In one embodiment , the first part of the first con 
ductive type electrode 321 , the second one of first conduc 
tive type electrode 322 , the second conductive type elec 
trode 33 , the third electrode 35 and the fourth electrode 36 
can be a multi - layer structure and / or include a reflective 
layer ( not shown ) having reflectivity of more than 80 % to 
the light emitted from the active layer 312. In one embodi 
ment , the first part of the first conductive type electrode 321 , 
the second part of first conductive type electrode 322 , and 
the third electrode 35 can be formed in the same process . In 
one embodiment , a light emitted from the optoelectronic 
device 300 can be reflected by the first part of the first 
conductive type electrode 321 , the second part of first 
conductive type electrode 322 , the second conductive type 
electrode 33 , the third electrode 35 and the fourth electrode 
36 , and leave the optoelectronic device 300 from the direc 
tion of the substrate 30 . 
[ 0033 ] To achieve certain level of conductivity , a material 
of the first part of the first conductive type electrode 321 , the 
second part of the first conductive type electrode 322 , the 
second conductive type electrode 33 , the third electrode 35 
and the fourth electrode 36 can be metal , for example , Au , 
Ag , Cu , Cr , Al , Pt , Ni , TI , Sn , an alloy thereof or a stack 
combination thereof . 
[ 0034 ] In one embodiment , the sub - mount or the electrical 
circuit element ( not shown ) is provided and a first sub 
mount electrode ( not shown ) and a second sub - mount elec 
trode ( not shown ) are formed on the sub - mount or the 
electrical circuit element by wire bonding and soldering tin . 
The first sub - mount electrode and the second sub - mount 
electrode can form a flip - chip structure with the third 
electrode 35 and the fourth electrode 36 of the optoelec 
tronic device 300 . 
[ 0035 ] In one embodiment , an first adjustment layer 38 is 
formed between the first part of the first conductive type 
electrode 321 , and / or the second part of the first conductive 
type electrode 322 , and the third electrode 35 , and is 
electrically connected with the first part of the first conduc 
tive type electrode 321 , and / or the second part of the first 
conductive type electrode 322 , and the third electrode 35. In 
one embodiment , a second adjustment layer 39 is formed 
between the second conductive type electrode 33 and the 
fourth electrode 36 , and is electrically connected with the 
second conductive type electrode 33 and the fourth electrode 
36. In one embodiment , a height is formed between the first 
adjustment layer 38 and the second adjustment layer 39 . 
Because the locations of the first adjustment layer 38 and the 
second adjustment layer 39 make the first adjustment layer 
38 and the second adjustment layer 39 affect the heights H1 
and H2 . By separately designing the height of the first 
adjustment layer 38 and the second adjustment layer 39 , the 
difference between the heights H1 and H2 can be reduced so 
as to reduce the probability of line breakage when the 
optoelectronic device 300 forms a flip - chip structure with 
the sub - mount or the electrical circuit element , and the yield 

rate of the products can be enhanced . In one embodiment , a 
projected area of the first adjustment layer 38 on the first 
semiconductor layer 311 is larger than that of the third 
electrode 35 on the first semiconductor layer 311 , or a 
projected area of the second adjustment layer 39 on the first 
semiconductor layer 311 is larger than that of the fourth 
electrode 36 on the first semiconductor layer 311. In one 
embodiment , the first adjustment layer 38 or the second 
adjustment layer 39 can be metal , for example , Au , Ag , Cu , 
Cr , Al , Pt , Ni , TI , Sn , an alloy thereof or a stack combination 
thereof . In one embodiment , the first adjustment layer 38 or 
the second adjustment layer 39 can have a multi - layer 
structure , and / or can include a reflective layer ( not shown ) 
having reflectivity of more than 80 % to the light emitted 
from the active layer 312 . 
[ 0036 ] FIG . 3C shows a top view of an optoelectronic 
device 400 disclosed a second embodiment of the present 
disclosure . The manufacturing method , the materials , and 
the labels of the present embodiment are the same as that of 
the first embodiment , and those are omitted herein . In one 
embodiment of present disclosure , the electrode pattern 
design can include different selections of quantity , shape , 
and location of electrodes for enhancing current spreading 
near the boundary of the optoelectronic device 400 . 
[ 0037 ] In one embodiment , the first semiconductor layer 
311 of the optoelectronic device 400 includes four bound 
aries while two neighboring boundaries form a corner , and 
there is no conductive structure crossing the boundaries . In 
present embodiment , the first part of the first conductive type 
electrode 321 is formed in any corner of the first semicon 
ductor layer 311 , and the second insulating layer 342 has an 
second opening 3422 for electrically connecting the first part 
of the first conductive type electrode 321 with the third 
electrode 35 formed later . The second part of the first 
conductive type electrode 322 is formed on the first semi 
conductor layer 311 and is surrounded by the second semi 
conductor layer 313 , and the second insulating layer 342 can 
also have a third opening 3423 for electrically connecting 
the second part of the first conductive type electrode 322 
with the third electrode 35 formed later . 
[ 0038 ] In one embodiment , the projection of the first part 
of the first conductive type electrode 321 on the first 
semiconductor layer 311 can have a shape . The shape can be 
a polygon , a circle , an oval , a semi - circle , or a cambered 
surface . The shape of the second part of the first conductive 
type electrode 322 can be a line , a curve , or a combination 
of line and curve , or can have a branch . In one embodiment , 
the second part of the first conductive type electrode 322 can 
have a head portion and a tail portion , and the head portion 
have a width larger than that of the tail portion . 
[ 0039 ] In present embodiment , a third part of the first 
conductive type electrode 323 is formed on an exposed 
portion of the first semiconductor layer 311 near the bound 
ary of the optoelectronic device 400. In one embodiment , the 
third part of the first conductive type electrode 323 is not 
surrounded by the second semiconductor layer 313 , and the 
second insulating layer 342 can have a fourth opening 3424 
for electrically connecting the third part of the first conduc 
tive type electrode 323 with the third electrode 35 formed 
later . A fourth part of the first conductive type electrode 324 
is formed on the exposed portion of the first semiconductor 
layer 311 near the boundary of the optoelectronic device 
400. In one embodiment , the fourth part of the first conduc 
tive type electrode 324 is not surrounded by the second 
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semiconductor layer 313 , and the second insulating layer 
342 can have a fifth opening 3425 for electrically connecting 
the fourth part of the first conductive type electrode 324 with 
the third electrode 35 formed later . FIG . 3G further shows a 
top view of the first part of the first conductive type electrode 
321 , the second part of the first conductive type electrode 
322 , the third part of the first conductive type electrode 323 
and the fourth part of the first conductive type electrode 324 
highlighted by oblique stripes in accordance with the opto 
electronic device 400 shown in FIG . 3C . 
[ 0040 ] In one embodiment , the projection of the third part 
of the first conductive type electrode 323 on the first 
semiconductor layer 311 can have a shape . The shape can be 
a polygon , a circle , an oval , a semi - circle , or a cambered 
surface . The shape of the fourth part of the first conductive 
type electrode 324 can be a line , a curve , or a combination 
of line and curve , or can have a branch . In one embodiment , 
the second part of the first conductive type electrode 322 can 
have a head portion and a tail portion , and the head portion 
have a width larger than that of the tail portion . In one 
embodiment , the shape of the third part of the first conduc 
tive type electrode 323 is different from that of the fourth 
part of the first conductive type electrode 324 . 
[ 0041 ] In one embodiment , according to the requirement 
of product design , the first part of the first conductive type 
electrode 321 and the third part of the first conductive type 
electrode 323 can be formed near the same boundary of the 
optoelectronic device 400 and separated with each other . In 
one embodiment , the first part of the first conductive type 
electrode 321 and the fourth part of the first conductive type 
electrode 324 , or the third part of the first conductive type 
electrode 323 and the fourth part of the first conductive type 
electrode 324 is not formed near the same boundary of the 
optoelectronic device 400 . 
[ 0042 ] In one embodiment , a head portion of the fourth 
part of the first conductive type electrode 324 can be covered 
by the third electrode 35 and a tail portion of the fourth part 
of the first conductive type electrode 324 is not covered by 
the fourth electrode 36. In one embodiment , a projected area 
of the third electrode 35 on the first semiconductor layer 311 
is larger than that of the fourth electrode 36 on the first 
semiconductor layer 311 , and a ratio of the projected area of 
the third electrode 35 on the first semiconductor layer 311 
and that of the fourth electrode 36 on the first semiconductor 
layer 311 is between 110-120 % . In one embodiment , an 
extended direction of the tail portion of the second part of 
the first conductive type electrode 322 and that of the tail 
portion of the fourth part of the first conductive type 
electrode 324 are substantially parallel with each other . FIG . 
3H further shows a top view of the third electrode 35 and the 
fourth electrode 36 highlighted by oblique stripes in accor 
dance with the optoelectronic device 400 shown in FIG . 3C . 
[ 0043 ] FIG . 4A shows a top view of an optoelectronic 
device 500 disclosed a third embodiment of the present 
disclosure . The manufacturing method , the materials , and 
the labels of the present embodiment are the same as that of 
the first embodiment , and those are omitted herein . In one 
embodiment of present disclosure , the electrode pattern 
design can include different selections of quantity , shape , 
and location of electrodes for enhancing current spreading 
near the boundary of the optoelectronic device 500 . 
[ 0044 ] In present embodiment , four boundaries of the 
optoelectronic device 500 form a rectangle while two neigh 
boring boundaries form a corner and there is no conductive 

structure crossing the boundaries . The boundaries include a 
first long side B1 , a second long side B3 , a first short side 
B2 , and a second short side B4 . In one embodiment , a length 
of the first long side B1 or the second long side B3 is larger 
than that of the first short side B2 or the second short side 
B4 . In one embodiment , the projections of the third elec 
trode 35 and the fourth electrode 36 on the first semicon 
ductor layer 311 are arranged along the first long side B1 or 
the second long side B3 . 
[ 0045 ] In present embodiment , two separated first parts of 
the first conductive type electrode 321 are formed on two 
corners of the first short side B2 , and the second insulating 
layer 342 has an second opening 3422 for electrically 
connecting the first part of the first conductive type electrode 
321 with the third electrode 35 formed later . Two separated 
fourth parts of the first conductive type electrode 324 are 
formed on exposed portion of the first semiconductor layer 
311 of the long side B1 and the second long side B3 
respectively . In present embodiment , the third part of the 
first conductive type electrode 323 is formed on the first 
short side B2 , and the second insulating layer 342 can also 
have a fourth opening 3424 for electrically connecting the 
third part of the first conductive type electrode 323 with the 
third electrode 35 formed later . The fourth part of the first 
conductive type electrode 324 is not surrounded by the 
second semiconductor layer 313 , and the second insulating 
layer 342 can have a third opening 3423 for electrically 
connecting the four part of the first conductive type elec 
trode 324 with the third electrode 35 formed later . FIG . 4E 
further shows a top view of the first part of the first 
conductive type electrode 321 , the third part of the first 
conductive type electrode 323 and the fourth part of the first 
conductive type electrode 324 highlighted by oblique stripes 
in accordance with the optoelectronic device 500 shown in 
FIG . 4A . 
[ 0046 ] In one embodiment , distances between the third 
part of the first conductive type electrode 323 and each one 
of two separated first parts of the first conductive type 
electrode 321 are substantially the same . Furthermore , the 
first part of the first conductive type electrode 321 , the fourth 
part of the first conductive type electrode 324 , and the third 
electrode 35 can be made in the same process . 
[ 0047 ] In present embodiment , the projection of the first 
part of the first conductive type electrode 321 on the first 
semiconductor layer 311 can have a shape . The shape can be 
a polygon , a circle , an oval , a semi - circle , or a cambered 
surface . The projection of the third part of the first conduc 
tive type electrode 323 on the first semiconductor layer 311 
can have a shape . The shape can be a polygon , a circle , an 
oval , a semi - circle , or a cambered surface . The shape of the 
fourth part of the first conductive type electrode 324 can be 
a line , a curve , or a combination of line and curve , or can 
have a branch . In one embodiment , the fourth part of the first 
conductive type electrode 324 can have a head portion and 
a tail portion , and the head portion have a width larger than 
that of the tail portion . In one embodiment , the shape of the 
third part of the first conductive type electrode 323 is 
different from that of the fourth part of the first conductive 
type electrode 324 . 
[ 0048 ] In one embodiment , the head portion of the fourth 
part of the first conductive type electrode 324 points to the 
first short side B2 and the tail portion of that points to the 
second short side B4 . In one embodiment , the head portion 
of the fourth part of the first conductive type electrode 324 
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can be covered by the third electrode 35 and a tail portion of 
the fourth part of the first conductive type electrode 324 is 
not covered by the fourth electrode 36. In one embodiment , 
the extended directions of two tail portion of fourth part of 
the first conductive type electrode 324 are substantially 
parallel . In one embodiment , the projected area of the third 
electrode 35 on the first semiconductor layer 311 is larger 
than that of the fourth electrode 36 on the first semiconduc 
tor layer 311 , and a ratio of the projected area of the third 
electrode 35 on the first semiconductor layer 311 and that of 
the fourth electrode 36 on the first semiconductor layer 311 
is between 110–120 % . FIG . 4F further shows a top view of 
the third electrode 35 and the fourth electrode 36 highlighted 
by oblique stripes in accordance with the optoelectronic 
device 500 shown in FIG . 4A . 

[ 0049 ] FIG . 4B shows a top view of an optoelectronic 
device 600 disclosed in a fourth embodiment of the present 
disclosure . The manufacturing method , the materials , and 
the labels of the present embodiment are the same as that of 
the first embodiment , and those are omitted herein . In one 
embodiment of present disclosure , the electrode pattern 
design can include different selections of quantity , shape , 
and location of electrodes for enhancing current spreading 
near the boundary of the optoelectronic device 600 . 
[ 0050 ] In present embodiment , four boundaries of the 
optoelectronic device 600 form a rectangle while two neigh 
boring boundaries form a corner and there is no conductive 
structure crossing the boundaries . The optoelectronic device 
600 includes a first long side B1 , a second long side B3 , a 
first short side B2 , and a second short side B4 . In one 
embodiment , a length of the first long side B1 or the second 
long side B3 is larger than that of the first short side B2 or 
the second short side B4 . In one embodiment , the projec 
tions of the third electrode 35 and the fourth electrode 36 on 
the first semiconductor layer 311 are arranged along the first 
long side B1 or the second long side B3 . 
[ 0051 ] In present embodiment , the optoelectronic device 
600 includes a first part of the first conductive type electrode 
321. In one embodiment , four first parts of the first conduc 
tive type electrodes 321 are formed on four corners of the 
first semiconductor layer 311 , and the second insulating 
layer 342 can also have a second opening 3422 for electri 
cally connecting the first part of the first conductive type 
electrode 321 with the third electrode 35 formed later . Two 
second parts of the first conductive type electrodes 322 are 
formed on the first semiconductor layer 311 and surrounded 
by the second semiconductor layer 313 , and the second 
insulating layer 342 can also have a third opening 3423 for 
electrically connecting the second part of the first conductive 
type electrode 322 with the third electrode 35 formed later . 
[ 0052 ] In present embodiment , the projection of the first 
part of the first conductive type electrode 321 on the first 
semiconductor layer 311 can have a shape . The shape can be 
a polygon , a circle , an oval , a semi - circle , or a cambered 
surface . The projection of the second part of the first 
conductive type electrode 322 on the first semiconductor 
layer 311 can have a shape . The shape can be a polygon , a 
circle , an oval , a semi - circle , or a cambered surface . In one 
embodiment , the projected shape of each second part of the 
first conductive type electrode 322 can be the same or 
different . FIG . 4G further shows a top view of the first part 
of the first conductive type electrode 321 and the second part 

of the first conductive type electrode 322 highlighted by 
oblique stripes in accordance with the optoelectronic device 
600 shown in FIG . 4B . 
[ 0053 ] In present embodiment , the third electrode 35 
includes two extended portions 351 forming a concave R , 
and the fourth electrode 36 is formed in the concave R. 
Furthermore , the first part of the first conductive type 
electrode 321 , the second part of the first conductive type 
electrode 322 , and the third electrode 35 can be formed in 
the same process . FIG . 4H further shows a top view of the 
third electrode 35 and the fourth electrode 36 highlighted by 
oblique stripes in accordance with the optoelectronic device 
600 shown in FIG . 4B . 
[ 0054 ] FIG . 4C shows a top view of an optoelectronic 
device 700 disclosed in a fifth embodiment of the present 
disclosure . The manufacturing method , the materials , and 
the labels of the present embodiment are the same as that of 
the first embodiment , and those are omitted herein . In one 
embodiment of present disclosure , the electrode pattern 
design can include different selections of quantity , shape , 
and location of electrodes for enhancing current spreading 
near the boundary of the optoelectronic device 700 . 
[ 0055 ] In one embodiment , the first semiconductor layer 
311 of the optoelectronic device 700 includes four bound 
aries while two neighboring boundaries form a corner , and 
there is no conductive structure crossing the boundaries . In 
present embodiment , the optoelectronic device 700 includes 
four first parts of the first conductive type electrodes 321 
formed in four corners of the first semiconductor layer 311 , 
and the second insulating layer 342 has an second opening 
3422 for electrically connecting the first part of the first 
conductive type electrode 321 with the third electrode 35 
formed later . The plurality of second parts of the first 
conductive type electrode 322 is formed on the first semi 
conductor layer 311 and is surrounded by the second semi 
conductor layer 313 , and the second insulating layer 342 
also can have a fourth opening 3424 for electrically con 
necting the second part of the first conductive type electrode 
322 with the third electrode 35 formed later . The plurality of 
third parts of the first conductive type electrode 323 is 
formed on the exposed portion of the first semiconductor 
layer 311 near the boundary of optoelectronic device 700. In 
other words , the third part of the first conductive type 
electrode 323 is not surrounded by the second semiconduc 
tor layer 313 , and any one of the boundary of the first 
semiconductor layer 311 can include one or multiple third 
parts of the first conductive type electrodes 323. The second 
insulating layer 342 can also have a third opening 3423 for 
electrically connecting the second part of the first conductive 
type electrode 322 with the third electrode 35 formed later . 
[ 0056 ] In present embodiment , the projection of the first 
part of the first conductive type electrode 321 on the first 
semiconductor layer 311 can have a shape . The shape can be 
a polygon , a circle , an oval , a semi - circle , or a cambered 
surface . The projection of the second part of the first 
conductive type electrode 322 on the first semiconductor 
layer 311 can have a shape . The shape can be a polygon , a 
circle , an oval , a semi - circle , or a cambered surface . In one 
embodiment , a shape of the second part of the first conduc 
tive type electrode 322 can be an extended shape , and the 
extended direction can be parallel to the extended portion 
351. The shape of the second part of the first conductive type 
electrode 322 can be a line , a curve , or a combination of line 
and curve , or can have a branch . In one embodiment , the 
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projected areas of the plurality of the second parts of the first 
conductive type electrode 322 can be the same or different . 
The projection of the third part of the first conductive type 
electrode 323 on the first semiconductor layer 311 can have 
a shape . The shape can be a polygon , a circle , an oval , a 
semi - circle , or a cambered surface . FIG . 41 further shows a 
top view of the first part of the first conductive type electrode 
321 , the second part of the first conductive type electrode 
322 and the third part of the first conductive type electrode 
323 highlighted by oblique stripes in accordance with the 
optoelectronic device 700 shown in FIG . 4C . 
[ 0057 ] In present embodiment , the third electrode 35 
includes three extended portions 351 forming two concaves 
R , and two fourth electrodes 361 , 362 are formed in above 
mentioned two concaves R. In present embodiment , at least 
a second part of the first conductive type electrode 322 can 
be formed in the extended portions 351. FIG . 4J further 
shows a top view of the third electrode 35 and two fourth 
electrodes 361 , 362 highlighted by oblique stripes in accor 
dance with the optoelectronic device 700 shown in FIG . 4C . 
[ 0058 ] In one embodiment , the projected shapes of the 
first part of the first conductive type electrode 321 and 
second part of the first conductive type electrode 322 on the 
first semiconductor layer 311 can be the same or different . 
Furthermore , the first part of the first conductive type 
electrode 321 , the second part of the first conductive type 
electrode 322 , the third part of the first conductive type 
electrode 323 , and the third electrode 35 can be formed in 
the same process . 
[ 0059 ] FIG . 4D shows a top view of an optoelectronic 
device 700 ' disclosed in a sixth embodiment of the present 
disclosure . The present embodiment is the possible vari 
ances of the fifth embodiment . The manufacturing method , 
the materials , and the labels of the present embodiment are 
the same as that of the fifth embodiment , and those are 
omitted herein . 
[ 0060 ] In present embodiment , the second insulating layer 
342 of the optoelectronic device 700 ' includes a plurality of 
first openings 3421 ' for electrically connecting the second 
part of the first conductive type electrode 33 and the fourth 
electrode 36 formed later . In present embodiment , the sec 
ond insulating layer 342 have a plurality of the first openings 
3421 for reducing the height difference between the third 
electrode 35 and the fourth electrode 36 so as to reduce the 
probability of line breakage when the optoelectronic device 
700 ' forms a flip - chip structure with the sub - mount or the 
electrical circuit element , and the yield rate of the products 
can the enhanced . FIG . 4K further shows a top view of the 
first part of the first conductive type electrode 321 , the 
second part of the first conductive type electrode 322 and the 
third part of the first conductive type electrode 323 high 
lighted by oblique stripes in accordance with the optoelec 
tronic device 700 ' shown in FIG . 4D . FIG . 4L further shows 
a top view of the third electrode 35 and two fourth electrodes 
361 , 362 highlighted by oblique stripes in accordance with 
the optoelectronic device 700 ' shown in FIG . 4D . 
[ 0061 ] FIG . 5A through FIG . 5C show a light module . 
FIG . 5A shows an outer perspective view of the light 
emitting module . The light emitting module 800 can include 
a carrier 502 , an optoelectronic device ( not shown in the 
figures ) , a plurality of lenses 504 , 506 , 508 , and 510 , and two 
power supply terminations 512 and 514. The light emitting 
module 800 can be electrically connected with a light 
emitting unit 540 mentioned below . 

[ 0062 ] FIG . 5B and FIG . 5C show a cross - sectional view 
of a light - emitting module 800 wherein FIG . 5C is a detailed 
view of the region E of FIG . 5B . The carrier 502 can include 
an upper carrier 503 and a lower carrier 501 wherein a 
surface of the lower carrier 501 contacts the upper carrier 
503. The lenses 504 and 508 are formed on the upper carrier 
503. The upper carrier 503 can form one through hole 515 
and the optoelectronic device 300 disclosed in the embodi 
ments or an optoelectronic device of other embodiments not 
shown in the figures can be formed in the through hole 515 , 
contact the lower carrier 501 , and be surrounded by a glue 
521. The lens 508 is on the glue material 521 , and a material 
of the glue 521 can be silicone resin , epoxy resin or other 
material . In one embodiment , a reflection layer 519 can be 
formed on side walls of the through hole 515 for increasing 
light efficiency ; a metal layer 517 can be formed on a lower 
surface of the lower carrier 501 for increasing heat dissipa 
tion rate . 

[ 0063 ] FIG . 6A and FIG . 6B show a light generation 
apparatus 900. The light generation apparatus 900 includes 
a light emitting module 800 , a light emitting unit 540 , a 
power supply system ( not shown in the figures ) to supply a 
current to the light emitting module 800 , and a control 
device ( not shown in the figures ) to control the power supply 
system ( not shown in the figures ) . The light generation 
apparatus 900 can be an illuminous apparatus , for example , 
a street lamp , a car headlamp , and an indoor light source , a 
traffic light , or a backlight of a backlight module of a display . 
[ 0064 ] FIG . 7 shows a light bulb . The light bulb 1000 
includes a shell 921 , a lens 922 , an illuminous module 924 , 
a frame 925 , a heat dissipater 926 , a connecting portion 927 , 
and an electrical connecting member 928. Herein the light 
emitting module 924 includes a carrier 923 , and the carrier 
923 includes one of the optoelectronic devices 300 of the 
aforementioned embodiments or other optoelectronic device 
in other embodiments ( not shown in the figures ) . 
[ 0065 ] Specifically , the substrate 30 is a base for growth or 
bearing . The substrate 30 can be a conductive substrate or 
non - conductive substrate , a light - transmitting substrate or a 
non - light - transmitting substrate . Herein a material of the 
conductive substrate can be Ge , GaAs , InP , SIC , Si , LiA102 , 
ZnO , GAN , AIN or metal . A material of the light - transmitting 
substrate can be Sapphire , LiA102 , ZnO , GaN , glass , dia 
mond , CVD diamond , diamond - like carbon , spinel 
( MgA1,04 ) , A1,03 , SiO ,, and LiGaO2 . 
[ 0066 ] An epitaxial stack 31 includes a first semiconductor 
layer 311 , an active layer 312 , and a second semiconductor 
layer 313. The first semiconductor layer 311 and the second 
semiconductor layer 313 , for example , are cladding layers or 
confinement layers with a single structure , or a stacked 
structure . The first semiconductor layer 311 and the second 
semiconductor layer 313 are with different conductivities , 
different polarities , or different dopants . The polarities can 
be a combination of at least two of p - type , n - type or i - type 
for supplying electrons and holes respectively so that elec 
trons and holes are combined in the active layer 312 to emit 
light . Materials of the first semiconductor layer 311 , the 
active layer 312 , and the second semiconductor layer 313 
can include III - V semiconductor materials , for example , 
Al , In , Ga ( 1 - x- , N or Al , In , Ga ( 1 - x - vP wherein 0sx , ysl and 
( x + y ) sl . According to the material of the active layer 312 , 
the epitaxial stack can emit a red light having a wavelength 
range of 610-650 nm , a green light having a wavelength 
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[ 0070 ] The principle and the efficiency of the present 
application illustrated by the embodiments above are not the 
limitation of the present application . Any person having 
ordinary skill in the art can modify or change the aforemen 
tioned embodiments . Therefore , the protection range of the 
rights in the present application will be listed as the follow 
ing claims . 
What is claimed is : 
1. An optoelectronic device , comprising : 
a first semiconductor layer comprising multiple boundar 

jes ; 

range of 530-570 n nm , a blue light having a wavelength range 
of 450-490 nm or an ultraviolet light having a wavelength 
small than 400 nm . 

[ 0067 ] In another embodiment , the optoelectronic devices 
300 , 400 , 500 , 600 , 700 , and 700 ' can be an epitaxial device 
or a light emitting diode and their spectrums can be adjusted 
by altering physical or chemical constituents of the single 
layer semiconductor or multi - layer semiconductor . A mate 
rial of the single layer semiconductor or the multi - layer 
semiconductor is composed of elements selected from a 
group consisting of Al , Ga , In , P , N , Zn , and O. A structure 
of the active layer 312 can be a single heterostructure ( SH ) , 
a double heterostructure ( DH ) , a double - side double hetero 
structure ( DDH ) , a multi - quantum well ( MQW ) . Moreover , 
a number of multi - quantum wells of the active layer 312 can 
change the wavelength of light . 
[ 0068 ] In one embodiment , a buffer layer ( not shown in 
the figures ) can be optionally formed between the first 
semiconductor 311 and the substrate 30. The buffer layer is 
between two kinds of material systems for transferring the 
material system of the first semiconductor layer 311 to the 
material system of the substrate 30. For a structure of a light 
emitting diode , in one aspect , the buffer layer can reduce 
mismatch between two different materials . In another aspect , 
the buffer layer can combine two kinds of materials or two 
of separate single layers , stacked layers , or structures . A 
material of the buffer layer can be an organic material , an 
inorganic material , metal and a semiconductor , and a struc 
ture of the buffer layer can be a reflection layer , a heat 
conductive layer , an ohmic contact layer , an anti - deforma 
tion layer , a stress release layer , a stress adjustment layer , a 
boding layer , a wavelength conversion layer , and a mechani 
cal fixing structure . In one embodiment , a material of the 
buffer layer can be selected from aluminum nitride or 
gallium nitride , and the buffer layer can be formed by 
sputtering or atomic layer deposition ( ALD ) . 
[ 0069 ] A contact layer can be optionally formed between 
the second semiconductor layer 313 and the second elec 
trode 33. Specifically , the contact layer can be an optical 
layer , an electronic layer , or a combination thereof . The 
optical layer can change electromagnetic radiation rays or 
light emitting from or entering the active layer . The so - called 
" change ” means at least one of optical characteristics of 
electromagnetic radiation rays or light is changed . The 
characteristics include , but are not limited to frequency , 
wavelength , intensity , flux , efficiency , color temperature , 
rendering index , light field , and angle of view . The elec 
tronic layer can change or make a trend of change in values , 
intensities , and distributions of at least one of voltages , 
resistors , currents , and capacities of opposite sides of the 
contact layer . A material of the contact layer includes oxide , 
conductive oxide , transparent oxide , oxide with transmit 
tance of more than 50 % , metal , a relative light - transmitting 
metal , metal with transmittance of more than 50 % , an 
organic substance , an inorganic substance , a fluorescence 
substance , a phosphorescence substance , ceramic , a semi 
conductor , a doped semiconductor , and an undoped semi 
conductor . In some applications , a material of the contact 
layer can be indium tin oxide ( ITO ) , cadmium tin oxide 
( CTO ) , antimony tin oxide ( ATO ) , aluminum zinc oxide 
( AZO ) , and zinc tin oxide ( ZTO ) . If the material is a relative 
light - transmitting metal , the preferred thickness is about 
0.005 um ~ 0.6 um . 

a second semiconductor layer formed on the first semi 
conductor layer ; 

an active layer formed between the first semiconductor 
layer and the second semiconductor layer ; 

an insulating layer covering the second semiconductor 
layer , comprising a plurality of openings formed on one 
of the multiple boundaries ; and 

a third electrode formed on the plurality of openings of the 
insulating layer to electrically connect the first semi 
conductor layer . 

2. The optoelectronic device of claim 1 , wherein the 
multiple boundaries comprises two longer sides and two 
shorter sides . 

3. The optoelectronic device of claim 1 , wherein the 
plurality of openings of the insulating layer is formed along 
the multiple boundaries . 

4. The optoelectronic device of claim 1 , wherein in a 
cross - sectional view of the optoelectronic device , the third 
electrode comprises a concave portion corresponding to one 
of the plurality of openings of the insulating layer . 

5. The optoelectronic device of claim 1 , further compris 
ing a first conductive type electrode formed on the first 
semiconductor layer . 
6. The optoelectronic device of claim 5 , wherein the first 

conductive type electrode comprises a shape projected on 
the first semiconductor layer comprising a polygon , a circle , 
an oval , a semi - circle , or a pattern having a cambered 
surfa 

7. The optoelectronic device of claim 5 , wherein the first 
conductive type electrode is formed on a corner constituted 
by two of the multiple boundaries . 

8. The optoelectronic device of claim 4 , wherein the first 
conductive type electrode is formed along one of the mul 
tiple boundaries . 

9. The optoelectronic device of claim 8 , wherein the first 
conductive type electrode comprises a head portion and a 
tail portion , and the head portion comprises a width larger 
than that of the tail portion 

10. The optoelectronic device of claim 3 , further com 
prising a plurality of first conductive type electrodes formed 
along the multiple boundaries . 

11. The optoelectronic device of claim 10 , wherein the 
plurality of openings of the insulating layer is formed on the 
plurality of first conductive type electrodes . 

12. The optoelectronic device of claim 5 , further com 
prising a groove formed on the first semiconductor layer and 
surrounded by the second semiconductor layer , wherein the 
first conductive type electrode is formed in the groove . 

13. The optoelectronic device of claim 1 , further com 
prising a second conductive type electrode formed on the 
second semiconductor layer . 
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14. The optoelectronic device of claim 13 , further com 
prising a fourth electrode formed on the second semicon 
ductor layer and electrically connected to the second con 
ductive type electrode . 

15. The optoelectronic device of claim 14 , wherein the 
third electrode and the fourth electrode are separated by a 
distance larger than 50 um . 

16. The optoelectronic device of claim 13 , wherein the 
second conductive type electrode comprises a plurality of 
concave portions corresponding to the plurality of openings 
of the insulating layer in the top view of the optoelectronic 
device . 

17. The optoelectronic device of claim 14 , further com 
prising a second adjustment layer formed between the 
second conductive type electrode and the fourth electrode . 

18. The optoelectronic device of claim 1 , wherein the 
insulating layer comprises a distributed bragg reflector 
( DBR ) structure . 


