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(57) ABSTRACT 
Provided is a light-emitting device and a method of manu 
facturing the same. The light-emitting device includes a 
substrate having at least one protruded portion With a curved 
surface in Which a consistent defect density and uniform 
stress distribution can be obtained even When the groWth of 
the semiconductor crystal layer and the forming of the 
light-emitting device are completed. In addition, the light 
emitting device has a high the light extraction ef?ciency for 
extracting light generated at an electroluminescense layer 
externally. 

31 

32 

33 

34 
35 
36 



Patent Application Publication Apr. 21, 2005 Sheet 1 0f 8 
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FIG. 2B (PRIOR ART) 
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FIG. 2C (PRIOR ART) 
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FIG. 3A 
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LIGHT-EMITTING DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] This application claims the priority of Korean 
Patent Application No. 2003-73442 ?led on Oct. 21, 2003, 
in the Korean Intellectual Property O?ice, the disclosure of 
Which is incorporated herein in its entirety by reference. 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a light-ernitting 
device, and more particularly, to a high e?iciency light 
ernitting device with improved light extraction e?iciency 
and good defect density control and stress distribution 
control and, in Which, a substrate lirnits a surface crystal 
orientation. 

[0004] 2. Description of the Related Art 

[0005] In general, light-ernitting devices include laser 
diodes (LD) and light emitting diodes (LED), and LEDs use 
properties of compound semiconductors to transmit a signal, 
Which is electric energy converted into an infra-red light, 
visible light, or other forms of light. The converting of 
electric energy into light can be categoriZed into ternperature 
radiation and luminescence. Photo lurninescence caused by 
the excitation of light, a cathode lurninescence caused by the 
irradiation of x-ray or an electron beam, and electrolurni 
nescence (EL) are all types of luminescence. An LED is one 
kind of an EL and currently LEDs using group III-V 
compound semiconductors are Widely used. 

[0006] Group III nitride compound semiconductors are 
direct transition semiconductors, and are Widely used in 
light-ernitting devices such as LEDs and LDs since it is 
possible to obtain stable operation at a high temperature than 
devices that use other semiconductors. In general, the Group 
III nitride compound semiconductors use sapphire (A1203) 
as a substrate and are formed on top of the substrate. 

[0007] FIG. 1 is a cross-sectional vieW of in general 
Group III nitride cornpound serniconductor, including a 
sapphire substrate. A n-GaN layer 12, an active layer 13, a 
p-GaN layer 14, and a p-type electrode layer 15 are sequen 
tially formed on a sapphire substrate 11. In addition, an 
n-type electrode layer 16 is formed on the n-GaN layer 12 
Where the active layer 13 is not formed. In a general LED, 
the most important issue is hoW e?iciently can the light, 
Which is created at an internal active layer, be extracted 
externally. 

[0008] To efficiently extract light created in the longitu 
dinal direction of the sapphire substrate and active layer, 
efforts to form transparent electrodes or re?ective layers 
have been made. HoWever, a large amount of light, Which is 
created at the active layer, is transmitted in a latitudinal 
direction. Therefore to extract the light in a longitudinal 
direction, various methods such as forming the side Walls of 
the structure of accurnulative layers of a semiconductor 
device to have a predetermined angle, and forming side 
Walls composed of re?ective material have been made, but 
this caused problems in the manufacturing process and 
increased costs. Furthermore, to increase the light emitting 
ability of Group III nitride cornpound serniconductor light 
ernitting devices that use a sapphire substrate, a device With 
a ?ip chip-type is adopted and the light extraction e?iciency 
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is at approximately 40% due to the difference in diffraction 
rates betWeen the GaN and sapphire substrate. 

[0009] Recently, as shoWn in FIG. 2a, an LED structure in 
Which an uneven structure is formed by processing the 
surface of a sapphire substrate 21 and forming serniconduc 
tor crystal layers, Which include active layers, on top of the 
substrate has been introduced. Such a structure forms a 
diffraction rate interface having an uneven surface under the 
active layer 22 and enables the external extraction of a 
portion of the light Which fades out Within the device. 

[0010] In addition, When forming a Group III nitride 
cornpound serniconductor on the sapphire substrate 21, a 
dislocation occurs due to the rniss ?t of the sapphire sub 
strate 21 and the lattice parameters of a Group III nitride 
cornpound serniconductor. To prevent this, as shoWn in FIG. 
2b, the sapphire substrate 21 has an uneven surface and a 
GaN layer 23 is formed on top. FIG. 2c schematically 
illustrates a process of forming an LED on top of a sapphire 
substrate Which has such an uneven structure. When forming 
the GaN layer 23 on top of the sapphire substrate 21 Which 
has an uneven structure as shoWn in FIG. 2c-(a), GaN facets 
are groWn 24 from the top and each side portion of the 
uneven structure, as shoWn in and 2c-(b). Then a planariZed 
GaN layer 23 can be obtained as shoWn in FIG. 2c-(c). FIG. 
ZC-(LD illustrates the completion of a light emitting diode, in 
Which an active layer 22, etc. are on top of the planariZed 
GaN layer 23. 

[0011] This process has a disadvantage in that When 
groWing the semiconductor crystal layer using such a pat 
terned sapphire substrate (PSS), since planariZation is car 
ried out after facet groWth is performed on the pattern, 
regroWth has to be done to a sufficient thickness to perform 
planariZation. 

[0012] In addition, a structure is disclosed (No. WO2001 
69663), in Which a step difference is formed, group III 
nitride compound semiconductors are groWn on the top 
surface and side portions of the step difference and a 
piercing phase is prevented. HoWever, a disadvantage is that 
a void is formed in the loWer portion of the step difference 
and to planariZe the groWth layer group III nitride compound 
semiconductors have to be formed relatively thick. 

[0013] When regroWing the semiconductor on the sap 
phire substrate, an ELOG and a PENDEO method are used 
to reduce the defect density. HoWever, in the case of the 
ELOG method a separate rnask layer is needed, and in the 
case of the PENDEO method, a void is formed on the 
interface portion of the substrate resulting in a decrease in 
light extraction e?iciency. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a light-ernitting 
device and a method of manufacturing the same. The 
light-ernitting device includes a substrate having at least one 
protruded portion With a curved surface in Which a consis 
tent defect density and uniform stress distribution can be 
obtained even When the groWth of the semiconductor crystal 
layer and the forming of the light-ernitting device are 
completed. In addition, the light-ernitting device has a high 
the light extraction e?iciency for extracting light generated 
at a electrolurninescense layer externally. 

[0015] According to an aspect of the present invention, 
there is provided a light-ernitting device including a sub 
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strate having at least one protruded portion With a curved 
surface, the crystal surface orientations of the at least one 
protruded portion are different from groWth directions of a 
group III nitride compound semiconductor formed on the at 
least one protruded portion, and a plurality of semiconductor 
crystal layers comprising a plurality of active layers and 
electrodes formed on a portion of the substrate. 

[0016] In the present invention the curvatures at each point 
of the surface of the protruded portions is greater than 0. 

[0017] In the present invention each surface of the pro 
truded portions has a different crystal orientation from a 
(0001) surface. 
[0018] In the present invention the substrate is composed 
of sapphire or material including Si. 

[0019] In the present invention an n-GaN layer is formed 
on the substrate, an active layer, a p-GaN layer, and a p-type 
electrode layer are formed sequentially on a portion of the 
n-GaN layer, and an n-type electrode layer is formed on a 
portion of the n-GaN layer Where the active layer is not 
formed. 

[0020] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a light 
emitting device includes forming at least one protruded 
portion With a curved surface on a planariZed substrate, and 
forming semiconductor crystal layers including active lay 
ers, on the substrate. 

[0021] In the present invention, forming the at least one 
protruded portion includes patterning a photo resist formed 
on the substrate, hard baking the photo resist and the 
substrate, and etching the surface of the substrate, thereby 
forming at least one protruded portion. 

[0022] In the present invention When etching the substrate 
surface, an etching gas is a Cl gas selected from the group 
consisting of C12, BCl3, HCl, CCl4, and SiCl4. 
[0023] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a light 
emitting device including forming at least one protruded 
portion With a curved surface on a substrate, and groWing 
group III nitride compound semiconductor crystal layers 
from the substrate surface betWeen the protruded portions 
until the surface of the protruded portions is covered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above and other features and advantages of the 
present invention Will become more apparent by describing 
in detail exemplary embodiments thereof With reference to 
the attached draWings in Which: 

[0025] FIG. 1 is a cross-sectional vieW of a general Group 
III nitride compound semiconductor using a sapphire sub 
strate; 

[0026] FIGS. 2a and 2b illustrate a general structure and 
process of forming a Group III nitride compound semicon 
ductor on an eneven sapphire substrate; 

[0027] FIG. 2c illustrates a general process of forming an 
LED on a substrate Which has an uneven surface; 

[0028] FIG. 3a is a cross-sectional vieW of a substrate of 
a light-emitting device according to an embodiment of the 
present invention; 
[0029] FIG. 3b is a SEM picture of the surface of the 
substrate of FIG. 3a; 
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[0030] FIG. 3c is a cross-sectional vieW of a ?ip chip-type 
light-emitting device, Which includes a substrate in Which 
curved surface type protrusion portions are formed accord 
ing to the present invention; 

[0031] FIGS. 4a through 4d are cross-sectional vieWs 
illustrating a method of manufacturing a light-emitting 
device according to an embodiment of the present invention; 

[0032] FIG. 5a is a SEM picture illustrating the process of 
coating a GaN layer on top of the sapphire substrate, Which 
ha a curved surface type protruded portions and planariZing 
the GaN layer according to the present invention, and FIG. 
5b is a SEM picture illustrating the process of coating and 
planariZing a GaN layer on top of the sapphire substrate 
Which has an uneven surface that has a planariZed top; and 

[0033] FIG. 6 is a diagram to compare the light extraction 
poWer of the light-emitting device according the present 
invention With that of prior art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The above and other features and advantages of the 
present invention Will become more apparent by describing 
in detail exemplary embodiments thereof With reference to 
the attached draWings. 

[0035] FIG. 3a is a cross-sectional vieW of a substrate of 
a light-emitting device Which might include sapphire or Si 
according to an embodiment of the present invention. As 
shoWn in FIG. 3a, smoothly curved protrusions 32 are 
formed on the surface of a substrate 31. Such protrusions 32 
are different from the uneven structure of the general sub 
strate shoWn in FIGS. 2a through 2c. In other Words, the top 
portion and side portion of the uneven structure of FIGS. 2a 
through 2c are discriminated since the top portion and side 
portion are each ?at and the side portions are slanted at a 
predetermined angle With respect to the surface of the 
substrate 21. 

[0036] HoWever, the protruded portions 32 formed on the 
surface of the substrate of FIG. 3a has a curved surface, and 
thus there is not distinction betWeen the upper portion and 
side portion, resulting in a surface in Which a planariZed 
surface does not exist. Therefore, the curvatures of each 
portion of the protruded portions 32 are greaterr than 0. 
Except Where the protruded portion 32 and the main part of 
the substrate 31 meet, a corner does not exist. Therefore, 
crystal orientations of the surfaces of the protruded portions 
32 of the substrate 31 are different from crystal groWth 
directions (c axis) of the Group III nitride compound semi 
conductors, Which are formed on top of the substrate 31. In 
other Words, the surfaces of the curved surface type pro 
truded portions 32 are formed of a crystal groWth surfaces 
different from a (0001) surface. Therefore, the groWth of 
group III nitride compound semiconductors does not fre 
quently occur on the surface of the protruded portions 32. 

[0037] FIG. 3b is a SEM picture of the surface of the 
substrate 31 of FIG. 3a. The protruded portions 32 use 
hemispheres. All protruded portions 32 on the surface of the 
substrate may have identical siZes and forms, but embodi 
ments of the invention are not limited to this, and the siZe, 
form and curvature of each portion of the protruded portions 
32 may differ slightly. For example, the curvature of the 
loWer portion of the protruded portions 32 may be greater 
than the curvature of the upper portion or vise versa. In 
addition, the entire form of the protruded portions 32 may 
have curved surfaces, be hemispheres, form a striped pattern 
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or have a bent horseshoe shape. Furthermore, there is no 
limit to the arrangement of the protruded portions so that the 
protruded portions may have a regular spaced arrangement 
such as a lattice structure or an irregular spaced arrange 
ment. 

[0038] The substrate 31 of the light-emitting device 
according to an embodiment of the present invention is not 
limited to a sapphire substrate, and any substrate that groWs 
Group III nitride compound semiconductors such as Si, SiC 
etc. may also be used. 

[0039] FIG. 3c is a cross-sectional vieW of a ?ip-chip-type 
light-emitting device including the substrate 31 according to 
an embodiment of the present invention. Referring to FIG. 
3c, an n-GaN layer 33 is formed on the substrate 31 and an 
active layer 34, a p-GaN layer 35, and a p-type electrode 
layer 36 are sequentially formed on a portion of the n-GaN 
layer 33. In addition, an n-type electrode layer 37 is formed 
on a portion of the n-GaN layer 33 Where the active layer 34 
is not formed. The structure of the light emitting device, 
aside from the substrate 31, is not much different from that 
of the group III nitride compound semiconductor light 
emitting device. A group III nitride compound semiconduc 
tor formed on the substrate 31 is not limited to GaN, and 
may also include secondary molecules such as AlN or InN, 
other tertiary molecules and quadruple molecules. 

[0040] Amethod of manufacturing a light-emitting device 
according to an embodiment of the present invention Will be 
described beloW. The folloWing is a process of forming a 
plurality of curved surface type protruded portions on the 
surface of a substrate. 

[0041] First, a photo resist on the planariZed substrate is 
patterned. The patterning is carried out using a general 
photolithography method, and the thickness of the photo 
resist depends on the target value of the etching depth of the 
substrate. For example, When the etching depth of the 
sapphire substrate is approximately 1.2 pm the thickness of 
the photo resist can be approximately 2 pm. 

[0042] Next, hard baking is performed at a temperature of 
approximately 110° C. 

[0043] In addition, When etching the sapphire substrate, a 
general reactive ion-etching method is used. Etching gas, 
pressure, and poWer are suitably adjusted to form a pro 
truded portion of the substrate. In the present embodiment 
Cl [BCl3 is used as an etching gas, With a pressure of 3 
m orr, and a poWer of 800 W. For example, the etching gas 
can be selected from the Cl group of C12, BCl3, HCl, CCl4, 
and SiCl4 etc. Furthermore, the pressure can be betWeen a 
feW mTorr and tens of mTorr, depending on the etching gas, 
and is preferably 1~40 mTorr. 

[0044] Aplurality of protruded portions can be formed on 
the substrate surface by the above-described process. Then 
an n-GaN layer, an active layer, a p-GaN layer, a p-type 
electrode layer, and n-type electrode layer, are formed on the 
substrate. In the light-emitting device according to the 
present embodiment, the compound semiconductor layers 
formed on the substrate 31 are not largely different from 
those of general light emitting devices and the manufactur 
ing process can be understand by those skilled in the art. 
HoWever, When forming the light-emitting device on the 
substrate surface, With the protruded portions, a separate 
mask layer is not needed. 

[0045] FIGS. 4a through 4d schematically illustrate a 
method of manufacturing the light-emitting device accord 
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ing to an embodiment of the present invention. Referring to 
FIGS. 4a and 4b, the surface of the planariZed substrate 31 
is etched, thereby forming a sapphire substrate 31 Which has 
protruded portions 32 With curved surfaces. Referring to 
FIG. 4c, the GaN layer 33 is groWn on the substrate. 
Referring to FIG. 4d, the GaN layer 33 is groWn to a 
predetermined thickness and its surface is planariZed. FIG. 
3c illustrates a completed ?ip-chip type light-emitting 
device in Which other active layers 34 and electrode layers 
36 and 36 are all formed on top of the planariZed n-GaN 
layer 33 of FIG. 4c. A void is not formed at an interface 
betWeen the substrate 31 and the GaN layer 33. Since the 
groWth process for active layers carried out after the forming 
of the GaN layers 33 is Well described in the prior art, it Will 
not be mentioned here. 

[0046] The method of manufacturing a light-emitting 
device illustrated in FIGS. 4a through 4a' is different from 
the method forming a light-emitting device on a substrate 
that has an uneven surface as shoWn in FIG. 2c. When 
obtaining a GaN planariZied layer 32 in a light-emitting 
device according to an embodiment of the present invention, 
the GaN does not groW facets as in the prior art and the 
thickness of the GaN layer 32 for obtaining a planariZed 
layer is relatively thin. In addition, in the prior art, an 
epitaxial groWth occurs, but in the present invention, groWth 
of the GaN layer 33 does not easily occur on the surface of 
the protruded portion 32. 

[0047] In the present embodiment, for the crystal groWth 
direction of the Group III nitride compound semiconductor 
formed on the top of the surface of the protruded portions 32 
to have a plurality of crystal orientations, the protruded 
portions 32 must have curved surfaces. Therefore, the 
groWth of the group III nitride compound semiconductor 
starts on the surface of the substrate 31 betWeen the pro 
truded portions 32, that is, a planariZed portion, and as the 
thickness of the group III nitride compound semiconductor 
increases, the side and top portions of the protruded portions 
32 become covered. 

[0048] This is con?rmed in FIGS. 5a and 5b. FIG. 5a is 
a SEM image illustrating a process of coating the GaN layer 
33 on the substrate 31 With the protruded portions 32 and 
FIG. 5b is a SEM image illustrating a process of coating the 
GaN layer 33 on the general substrate 21 With an uneven 
surface. 

[0049] The uneven structure, Which has a planar surface 
and protruded portions 32 With curved surfaces formed on 
the surface of the substrate 31 are manufactured at an 
identical height. When vieWing the SEM images illustrating 
the GaN layer 33 being formed on the tWo substrates 31 in 
identical conditions, it is obvious that there is a difference 
betWeen the present invention illustrated and the prior art in 
FIGS. 5a-(b) and 5b-(b). 
[0050] In other Words, in FIG. 5a-(b) the planariZation of 
the substrate 31 is carried out by the GaN layer 33, except 
on the top portion of the protruded portions 32. On the other 
hand, in FIG. 5b-(b), facet groWth of the GaN occurs on the 
top and side surfaces of the uneven portion and the degree 
of planariZation is very loW. In addition, referring to FIG. 
5a-(c), on top of the substrate 31, GaN is coated and 
complete planariZation is achieved. HoWever, referring FIG. 
5b-(c), planariZation is carried out on top of the uneven 
surface but complete planariZation is not achieved betWeen 
each uneven surface. 

[0051] FIG. 6 is a graph comparing the light extraction of 
the light-emitting device according to the present invention 
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With that of prior art. A illustrates the light-emitting device 
Which is formed on the general planariZed substrate 11 
shown in FIG. 1. B illustrates the light-emitting device 
formed on the general substrate 21 having the uneven 
surface shoWn in FIG. 2d. C illustrates a light-emitting 
device, formed on the substrate 31 having protruded por 
tions 32 With curved surfaces according to the present 
invention, shoWn in FIG. 3c. 

[0052] Referring to FIG. 6, the light extraction in case B 
in Which the light-emitting device is formed on the substrate 
21 With an uneven surface is 50% greater than the case of A 
in Which the light-emitting device is formed on the substrate 
11 With the planar surface. The light extraction in case C in 
Which the light-emitting device is formed on the substrate 
31, With the protruded portions 32, With the curved surfaces 
is greater than 60% more than in case A. In addition, light 
extraction in case C is approximately 10% than in case B. 
This is because in the substrate 31 With the protruded 
portions 32, the semiconductor crystal layer forms an optical 
lens Which changes the light path and reduces the defect 
density of the groWing semiconductor crystal layer. 

[0053] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 
For example, the protruded portions of the light-emitting 
device according to embodiments of the present invention 
are different from the crystal growth directions of the Group 
III nitride compound semiconductor to be formed on the 
substrate, and may be hemispheres, stripes, horse shoe 
shapes etc., and the arrangement can include regular and 
irregular arrangements. 
[0054] According to embodiments of the present inven 
tion, When forming a light-emitting device Which includes 
an electroluminescence layer on top of a substrate having 
protruded portions With curved surfaces, planariZation is 
carried out efficiently and consistent defect density control 
and control of stress distribution is easily attained, even 
When the groWth and light-emitting device of the semicon 
ductor crystal layer are complete, and, as a result, can 
increase light extraction efficiency of the light Which is 
generated at the electroluminescence layer are directed 
toWard the outside of the light-emitting device. 

What is claimed is: 
1. A light-emitting device comprising: 

a substrate having at least one protruded portion With a 
curved surface, the crystal surface orientations of the at 
least one protruded portion are different from groWth 
directions of a group III nitride compound semicon 
ductor formed on the at least one protruded portion; and 
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a plurality of semiconductor crystal layers comprising a 
plurality of active layers and electrodes formed on a 
portion of the substrate. 

2. The device of claim 1, Wherein curvatures at each point 
of the surface of the protruded portions is greater than 0. 

3. The device of claim 2, Wherein each surface of the 
protruded portions has a different crystal orientation from a 
(0001) surface. 

4. The device of claim 1, Wherein the protruded portions 
are hemispheres or stripes. 

5. The device of claim 1, Wherein the substrate is com 
posed of sapphire or material including Si. 

6. The device of claim 1, Wherein an n-GaN layer is 
formed on the substrate, an active layer, a p-GaN layer, and 
a p-type electrode layer are formed sequentially on a portion 
of the n-GaN layer, and an n-type electrode layer is formed 
on a portion of the n-GaN layer Where the active layer is not 
formed. 

7. A method of manufacturing a light-emitting device 
comprising: 

forming at least one protruded portion With a curved 
surface on a planariZed substrate; and 

forming semiconductor crystal layers including active 
layers, on the substrate. 

8. The method of claim 7 further comprising, before the 
forming the at least one protruded portion: 

patterning a photo resist formed on the substrate; 

hard baking the photo resist and the substrate; and 

etching the surface of the substrate, thereby forming at 
least one protruded portion. 

9. The method of claim 8, Wherein, When etching the 
substrate surface, an etching gas is a Cl gas selected from the 
group consisting of C12, BCl3, HCl, CCl4, and SiCl4. 

10. A method of manufacturing a light-emitting device 
comprising: 

forming at least one protruded portion With a curved 
surface on a substrate; and 

groWing group III nitride compound semiconductor crys 
tal layers from the substrate surface betWeen the pro 
truded portions until the surface of the protruded por 
tions is covered. 

11. The method of claim 10, Wherein each surface of the 
protruded portions has a different crystal direction from that 
of a (0001) surface. 

12. The method of claim 10, Wherein the groWing is 
epitaxial groWing. 


