
US 20060225644Al 

(12) Patent Application Publication (10) Pub. No.: US 2006/0225644 A1 
(19) United States 

Lee et al. (43) Pub. Date: Oct. 12, 2006 

(54) VERTICAL GROUP III-NITRIDE LIGHT 
EMITTING DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

(75) Inventors: Jae Hoon Lee, SuWon (KR); Yong 
Chun Kim, SuWon (KR); Hyung Ky 
Back, SuWon (KR); Moon Heon Kong, 
SuWon (KR); Dong Woo Kim, 
Chungjoo (KR) 

Correspondence Address: 
MCDERMOTT WILL & EMERY LLP 
600 13TH STREET, N.W. 
WASHINGTON, DC 20005-3096 (US) 

(73) Assignee: SAMSUNG ELEC TRO-MECHANIC S 
CO.,LTD. 

(21) Appl. No.: 11/398,713 

(22) Filed: Apr. 6, 2006 

123 

(30) Foreign Application Priority Data 

Apr. 7, 2005 (KR) .......................... .. 10-2005-0029044 

Publication Classi?cation 

(51) Int. C1. 
0301; 23/00 (2006.01) 
0301; 25/00 (2006.01) 
0301; 28/12 (2006.01) 
0301; 28/14 (2006.01) 

(52) US. Cl. .............................................................. .. 117/89 

(57) ABSTRACT 

A vertical group Ill-nitride light emitting device and a 
manufacturing method thereof are provided. The light emit 
ting device comprises: a conductive substrate; a p-type clad 
layer stacked on the conductive substrate; an active layer 
stacked on the p-type clad layer; an n-doped AlXGayln1_X_yN 
layer stacked on the active layer; an undoped GaN layer 
stacked on the n-doped layer; and an n-electrode formed on 
the undoped GaN layer. The undoped GaN layer has a rough 
pattern formed on a top surface thereof. 
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VERTICAL GROUP III-NITRIDE LIGHT 
EMITTING DEVICE AND METHOD FOR 

MANUFACTURING THE SAME 

RELATED APPLICATION 

[0001] This application claims the bene?t of Korean 
Patent Application No. 2005-29044 ?led on Apr. 7, 2005 in 
the Korean Intellectual Property O?ice, the disclosure of 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a group III-nitride 
light emitting device and a manufacturing method thereof. 
More particularly, the present invention relates to a vertical 
group III-nitride light emitting device improved in light 
extraction e?iciency, and a manufacturing method thereof. 

[0004] 2. Description of the Related Art 

[0005] Since development of a light emitting diode (LED) 
including a group III-nitride semiconductor, it has been 
utiliZed as a light source in a variety of areas such as a liquid 
crystal display (LCD) backlight, a mobile phone keypad, a 
illumination lighting source and the like. Regarding devel 
opment of the LED for Wide-ranging purposes, light-emit 
ting e?iciency and heat releasing properties thereof have 
emerged as a signi?cant factor. Light-emitting e?iciency of 
the LED is determined by light generation e?iciency, exter 
nal extraction e?iciency and ampli?cation e?iciency by 
?uorescent material. Most of all, the biggest problem con 
cerns loW external extraction e?iciency, that is, light gener 
ated is externally extracted at a loW e?iciency. The greatest 
hurdle against light extraction out of the LED is extinction 
of light resulting from total internal re?ection. That is, big 
refractivity differences at an interface of the LED alloWs 
only about 20% of light generated to exit outside the 
interface of the LED. The light totally re?ected at the 
interface travels inside the LED and is reduced to heat. This 
increases a heat release rate of the LED, and decreases 
external extraction e?iciency of the LED, thus shortening 
lifetime thereof. 

1. Field of the Invention 

[0006] To overcome this problem, suggestions have been 
made regarding methods for improving external extraction 
e?iciency. For example, a surface pattern or a surface texture 
is formed on the LED to enable a photon arriving at its 
surface to scatter randomly. Alternatively, the light emitting 
device is shaped as a truncated inverted pyramid. Further 
more, in another recent method, to form a photonic crystal, 
the LED surface is patterned such that a photon of a 
speci?ed Wavelength is transmitted or re?ected selectively. 
Also, a thick sapphire substrate can be removed from the 
LED structure after attaching a metal substrate to the LED 
structure. For noW, the vertical GaN-based LED obtained 
thereby exhibits the highest extraction e?iciency. “Watt 
Class High-Output-PoWer 365 nm Ultraviolet Light-Emit 
ting Diodes” by Daisuke Morita et al. published in Japanese 
Journal of Applied Physics (Vol. 43, No. 9A, 2004, pp. 
5945-5950) discloses a vertical GaN-based LED having a 
rough pattern on an n-AlGaN contact layer and a manufac 
turing method thereof. 

[0007] FIG. 1 is a side sectional vieW illustrating an 
example of a conventional vertical group III-nitride light 
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emitting device. Referring to FIG. 1, the conventional group 
III-nitride light-emitting device 10 includes a conductive 
adhesive layer 12, a metal re?ective layer 13, a p-doped 
AlGaN contact layer 14, a p-doped AlGaN clad layer 15, an 
active layer 16 and an n-doped AlGaN contact layer 17 
sequentially stacked on a conductive substrate 11. Also, an 
n-electrode 18 is formed on the n-doped AlGaN contact 
layer 17. 

[0008] As shoWn in FIG. 1, a rough pattern 21 is formed 
on the n-doped AlGaN contact layer 17 exposed to an 
outside. A photon Which starts from inside the light emitting 
device 10 and arrives at the rough pattern 21 is scattered in 
the rough pattern 21, thus more highly likely to exit to the 
outside. Eventually, despite big refractivity differences 
between AlGaN material and external environments such as 
air and epoxy resin, external extraction e?iciency can be 
improved. 

[0009] HoWever, in the conventional vertical group III 
nitride light emitting device 10, to enable su?icient extrac 
tion of light through the rough pattern 21, a contact area of 
the n-electrode 18 becomes a relatively small. Accordingly, 
current concentrates in a loWer part of the n-electrode 18, 
disadvantageously increasing operating voltage Vf of the 
light emitting device 10. 

[0010] Further, to manufacture the conventional vertical 
group III-nitride light emitting device 10 having the rough 
pattern 21 requires folloWing processes to be conducted 
sequentially: groWing GaN-based semiconductor 17, 16, 15, 
14 on a sapphire substrate (not illustrated), adhering the 
conductive substrate 11, removing the sapphire substrate and 
forming the rough pattern 21. In addition, to form the rough 
pattern 21 requires a photolithography process including Wet 
or dry etching such as inductivity coupled plasma-reactive 
ion etching (ICP-RIE) on the n-doped AlGaN contact layer 
17. HoWever, With the sapphire substrate removed, it is very 
di?icult to perform the photolithography on a top surface of 
a thin-?lmed GaN-based structure having a thickness of 10 
pm or less, even though the conductive substrate 11 is used 
as a supporting substrate. Accordingly, this leads to signi? 
cant decrease in yield. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made to solve the 
foregoing problems of the prior art and it is therefore an 
object of the present invention to provide a group III-nitride 
light emitting device considerably improved in light extrac 
tion e?iciency and operating voltage properties. 

[0012] It is another object of the invention to provide a 
method for manufacturing a vertical group III-nitride light 
emitting device having high extraction efficiency of light in 
an easy and simple fashion at a greater yield. 

[0013] According to an aspect of the invention for realiZ 
ing the object, there is provided a vertical group III-nitride 
light emitting device comprising: a conductive substrate; a 
p-type clad layer stacked on the conductive substrate; an 
active layer stacked on the p-type clad layer; an n-doped 
layer stacked on the active layer, the n-doped layer having 
a composition expressed by AlXGayInl_X_yN, Where Oéxé l, 
Oéyél and 0§x+y§l; an undoped GaN layer stacked on 
the n-doped layer; and an n-electrode formed on the 
undoped GaN layer, Wherein the undoped GaN layer has a 
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rough pattern formed on a top surface thereof. Preferably, 
the undoped GaN layer does not have a rough pattern on an 
area Where the n-electrode is formed. 

[0014] According to one embodiment of the invention, the 
vertical group III-nitride light emitting device may further 
comprise a re?ective layer formed betWeen the conductive 
substrate and the p-type clad layer. Preferably, the re?ective 
layer comprises one selected from a group consisting of a 
CuInO2/Ag layer, a CuInO2/Al layer and an Ni/Ag/Pt layer. 
Also, the vertical group III-nitride light emitting device may 
further comprise a transparent electrode layer, such as an 
indium tin oxide (ITO) layer, formed on the undoped GaN 
layer. 

[0015] According to another embodiment of the invention, 
the vertical group III-nitride light emitting device may 
further comprise a conductive adhesive layer formed 
betWeen the conductive substrate and the p-type clad layer. 
The conductive adhesive layer may comprise one selected 
from a group consisting of Au, AuiSn, Sn, In, AuiAg and 
PbiSn. Moreover, the vertical group III-nitride light emit 
ting device may further comprise a re?ective layer betWeen 
the conductive adhesive layer and the p-type clad layer, 
Which may be selected from a group consisting of a CuInO2/ 
Ag layer, a CuInO2/Al layer and an Ni/Ag/Pt layer. 

[0016] According to further another embodiment of the 
invention, the conductive substrate may comprise a metal 
substrate or a silicon substrate. The metal substrate com 

prises one selected from a group consisting of W, Cu, Ni, Ti 
and alloys of at least tWo thereof. 

[0017] According to a preferred embodiment of the inven 
tion, the rough pattern comprises convexes or concaves 
Which are spaced from each other in the range of 20 nm to 
100 um, and each have a Width and a height of 20 nm to 100 
pm, respectively. More preferably, the rough pattern has 
convexes or concaves Which are spaced from each other in 
the range of 200 nm to 3 um, and each have a Width and a 
height of 200 nm to 3 pm, respectively. The rough pattern 
may comprise a photonic crystal. 

[0018] According to various embodiments of the inven 
tion, the rough pattern may have a relieved or engraved 
section. The rough pattern may have a sectional shape of 
hemisphere, rectangle or serration. 

[0019] According to an aspect of the invention for realiZ 
ing the object, there is provided a method for manufacturing 
a vertical group III-nitride light emitting device comprising 
steps of: 

[0020] (i) preparing a basic substrate having a rough 
pattern formed on a top surface thereof; 

[0021] (ii) forming an n-type clad layer, an active layer 
and a p-type clad layer sequentially on the basic substrate, 
the clad layers and the active layer having compositions 
expressed by AlXGayIn1_X_yN, Where Oéxé l, Oéyé l, and 
0 §x+y i l; 

[0022] (iii) forming a conductive substrate on the p-type 
clad layer; 

[0023] (iv) removing the basic substrate so as to expose a 
rough pattern formed on a bottom surface of the n-type clad 
layer; and 
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[0024] (v) forming an n-electrode on a partial area of the 
exposed bottom surface of the n-type clad layer. 

[0025] According to one embodiment of the invention, the 
basic substrate may comprise one selected from a group 
consisting of a sapphire substrate, a SiC substrate, a GaN 
substrate and an AIN substrate. Also, the conductive sub 
strate may comprise a metal substrate or a silicon substrate. 
The metal substrate may comprise one selected from a group 
consisting of W, Cu, Ni, Ti and alloys of at least tWo thereof. 

[0026] According to a preferred embodiment of the inven 
tion, in the step (i), the rough pattern is not formed on a top 
surface area of the basic substrate corresponding to the 
n-electrode. Thereby, the n-type clad layer does not have a 
rough pattern on an area Where the n-electrode is formed. 

[0027] According to another preferred embodiment of the 
invention, the step (ii) comprise: 

[0028] forming an undoped GaN layer on the basic sub 
strate; and 

[0029] forming an n-doped layer on the undoped GaN 
layer, the n-doped layer having a composition expressed by 
AlXGayIn1_X_yN, Where Oéxé l, Oéyél and 0§x+y§ 1. In 
this case, the undoped GaN layer has a rough pattern formed 
on a top surface thereof. 

[0030] According to one embodiment of the invention, the 
step (iii) may comprise bonding the conductive substrate to 
the p-clad layer via a conductive adhesive layer. According 
to another embodiment of the invention, the step (iii) may 
comprise forming the conductive type substrate on the 
p-type clad layer via plating, deposition or sputtering. 

[0031] According to a preferred embodiment of the inven 
tion, a re?ective layer may be formed on the p-type clad 
layer betWeen the step (ii) and the step (iii). Preferably, the 
re?ective layer comprises one selected from a group con 
sisting of a CuInO2/Ag layer, a CuInO2/Al layer and an 
Ni/Ag/Pt layer. Also, a transparent electrode layer, such as 
an ITO layer, may be formed on the n-type clad layer after 
the step (iv). 

[0032] According to further another preferred embodi 
ment, the rough pattern formed on the basic substrate 
comprises convexes or concaves Which are spaced from 
each other in the range of 20 nm to 100 um, and each have 
a Width and a height of 20 nm to 100 um, respectively. More 
preferably, the rough pattern formed on the basic substrate 
has convexes or concaves Which are spaced from each other 
in the range of 200 nm to 3 pm, and each have a Width and 
a height of 200 nm to 3 pm, respectively. The rough pattern 
formed on the n-type clad layer may comprise a photonic 
crystal. 

[0033] According to various embodiments, the step (i) is 
conducted such that the rough pattern has a sectional shape 
of hemisphere, rectangle or serration. 

[0034] As used herein, the term ‘group III-nitirde’ is 
de?ned as a binary, ternary or quaternary compound semi 
conductor having a composition expressed by AlXGayInl_X_ 
yN, Where Oéxél, Oéyé l, and 0§x+y§l. Also, ‘a group 
III-nitride light emitting device’ means that an n-type clad 
layer, active layer and p-type clad layer constituting the light 
emitting structure are made of the group III-nitride. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The above and other objects, features and other 
advantages of the present invention Will be more clearly 
understood from the following detailed description taken in 
conjunction With the accompanying draWings, in Which: 

[0036] FIG. 1 is a side sectional vieW illustrating an 
example of a conventional vertical group III-nitride light 
emitting device; 
[0037] FIG. 2 is a side sectional vieW illustrating a group 
III-nitride light emitting device according to one embodi 
ment of the invention; 

[0038] FIG. 3 is a side sectional vieW illustrating a group 
III-nitride light emitting device according to another 
embodiment of the invention; 

[0039] FIGS. 4 to 10 are sectional vieWs for explaining a 
method for manufacturing a vertical group III-nitride light 
emitting device according to one embodiment of the inven 
tion; 
[0040] FIG. 11 is a top vieW illustrating a rough pattern 
formed on a top surface of the substrate of FIG. 5; 

[0041] FIG. 12 is a SEM picture illustrating a rough 
pattern formed on a top surface of the vertical group 
III-nitride light emitting device according to the embodi 
ment of the invention; 

[0042] FIG. 13 is a magni?cation of the rough pattern of 
FIG. 12; 

[0043] FIGS. 14 to 16 are sectional vieWs for explaining 
a method for manufacturing a vertical group III-nitride light 
emitting device according to another embodiment of the 
invention; and 

[0044] FIG. 17 is a sectional vieW illustrating various 
types of rough patterns formed on a top of a basic substrate 
according to the invention. 

DETAILIGHT EMITTING DEVICE 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

[0045] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention, hoWever, may be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure Will be thorough and 
complete, and Will fully convey the scope of the invention 
to those skilled in the art. In the draWings, the shapes and 
dimensions may be exaggerated for clarity, and the same 
reference signals are used to designate the same or similar 
components throughout. 

[0046] FIG. 2 is a side sectional vieW illustrating a vertical 
group III-nitride light emitting device according to one 
embodiment of the invention. Referring to FIG. 2, the light 
emitting device 100 includes a re?ective layer 103, a p-type 
clad layer 105, an active layer 107, an n-doped AlXGayInl_ 
X-yN (Oéxé l, Oéyé l, 0§x+y§ 1) layer 109, and an 
undoped GaN layer 111 sequentially stacked on a conductive 
substrate 101. The n-doped AlXGayIn1_X_yN layer 109 and 
undoped GaN layer 111 constitute an n-type clad layer 110. 
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The p-type and n-type clad layers 105, 110 and the active 
layer 107 are made of group III-nitride having compositions 
of AlmGanIn1_m_nN, Where Oémé l, Oénél and 0§m+ 
nél. The active layer 107 may have a multiple quantum 
Well structure. An n-electrode 123 is formed on a top surface 
of the undoped GaN layer 111. The n-electrode 123 is 
positioned in an upper part of the light emitting device 100, 
and a loWer part of the light emitting device 100, that is, the 
conductive substrate 101 is employed as a p-electrode. This 
constitutes a vertical light emitting device having electrodes 
at opposed sides. 

[0047] The conductive substrate 101 is made of one 
selected from a group consisting of silicon (Si), tungsten 
(W), copper (Cu), nickel (Ni), Titan (Ti) and alloys of at 
least tWo thereof. This conductive substrate 101 is adhered 
under the p-type clad layer 105 by a bonding process using 
a conductive adhesive layer stated later. Alternatively, the 
conductive substrate 101 is provided under the p-clad layer 
105 via plating, deposition or sputtering conducted on an 
exposed surface of the p-type clad layer 105. 

[0048] As shoWn in FIG. 2, the undoped GaN layer 11 has 
a rough pattern 121 formed on a top surface thereof except 
the area Where the n-electrode 123 is formed. This rough 
pattern 121 alloWs easy extraction of a photon generated 
inside the light emitting device 100. That is, light reaching 
the top surface of the the layer 111 is scattered by the rough 
pattern 121, thereby easily extracted out of the light emitting 
device 100. Particularly, the area Where the n-electrode 123 
is formed is free of the rough pattern 121, thus preventing 
increase in contact resistance betWeen the undoped GaN 
layer 111 and the n-electrode 123. 

[0049] As described later, to form the rough pattern 121, 
a rough pattern formed on other basic substrate (eg a 
sapphire substrate) is transferred to the undoped GaN layer 
111. Therefore, the rough pattern 121 can be regularly 
formed at precise dimensions. To ensure a sufficient scat 
tering e?‘ect, preferably, the rough pattern 121 includes 
convexes or concaves Which are spaced from each other in 
the range of 20 nm to 100 um, and each have a Width and 
a height of 20 nm to 100 um, respectively. More preferably, 
the convexes or concaves are spaced from each other in the 
range of 200 nm to 3 um, and each have a Width and a height 
of 200 nm to 3 pm, respectively. To form a photon crystal, 
the convexes or concaves of the rough pattern 121 are 
spaced from each other at 3 pm or less and each are siZed 3 
pm or less. This photon crystal can refract light by a laW of 
refraction, not a laW of re?ection. Thus, this signi?cantly 
enhances external extraction e?iciency of light. The rough 
pattern 121 has a section formed by relief or intaglio and has 
various sectional shapes such as hemisphere, rectangle and 
serration. 

[0050] The re?ective layer 103 enables light to be 
re?ected upWard in a light exiting direction, thereby boost 
ing external extraction of the light. Preferably, the re?ective 
layer 103 is selected from a group consisting of a CuInO2/ 
Ag layer, a CuInO2/Al layer and an Ni/Ag/Pt layer. Although 
not illustrated in FIG. 2, a transparent electrode layer made 
of ITO may be formed on the rough-patterned undoped GaN 
layer 111. The transparent electrode layer alloWs the light to 
exit at a uniform intensity. 

[0051] According to the embodiment of the invention, a 
vertical group III-nitride light emitting device 100 includes 
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an undoped GaN layer 111 between an n-doped AlXGayInl_ 
X-yN layer 109 and an n-electrode 123. The undoped GaN 
layer 111 is positioned under the n-electrode 123 to prevent 
a current concentration generated directly under the n-elec 
trode 123. That is, the undoped GaN layer 111 functions to 
spread current so that current generated by voltage applied 
from the n-electrode 123 is spread sideWard extensively. 
This reduces operating voltage Vf of the light emitting 
device 100 and enhances electrostatic discharge properties, 
thereby lengthening lifetime of the light emitting device 
100. 

[0052] Also, according to the embodiment of the inven 
tion, an n-type clad layer 110 has a rough pattern 121 formed 
on a top surface thereof to improve external extraction 
ef?ciency of the light. Especially, the rough pattern 121 can 
include convexes or concaves Which are spaced from each 
other at 3 pm or less, and each have a Width and a height of 
3 pm or less. Such a rough pattern gives a photonic crystal 
to the surface of the device 100. The photonic crystal 
considerably boosts external extraction e?iciency of the 
light. 
[0053] FIG. 3 is a side sectional vieW illustrating a group 
III-nitride light emitting device 200 according to another 
embodiment of the invention. The light emitting device 200 
of FIG. 3 includes a conductive substrate 201 adhered by a 
conductive adhesive layer 202. Referring to FIG. 3, a 
conductive adhesive layer 202, a re?ective layer 103, a 
p-type clad layer 105, an active layer 107, an n-doped 
AlXGayIn1_X_yN layer 109, and an undoped GaN layer 111 
are sequentially stacked on a conductive substrate 201. An 
n-electrode 123 is formed on the undoped GaN layer 111. 
The undoped GaN layer 111 has a rough pattern 121 formed 
on the top surface thereof. The conductive adhesive layer 
202 is selected from a group consisting of Au, AuiSn, Sn, 
In, AuiAg and PbiSn. The conductive adhesive layer 202 
adheres the conductive substrate 201 such as a silicon 
substrate to an AlXGayIn1_X_yN-based light emitting struc 
ture. Constituents other than the conductive adhesive layer 
202 are identical to those in the embodiment stated above 
and thus Will not be explained in further detail. 

[0054] A method for manufacturing a light emitting device 
according to the invention Will be described hereinafter. 
FIGS. 4 to 10 are sectional vieWs for explaining the method 
for manufacturing the light emitting device according to one 
embodiment of the invention. 

[0055] First, referring to FIG. 4, a substrate 151 (herein 
after, “a basic substrate”) is prepared to groW a group 
III-nitride semiconductor layer. The basic substrate 151, for 
example, may be a sapphire substrate. Alternatively, the 
basic substrate 151 may be a SiC, GaN or AlN substrate. 

[0056] Thereafter, as shoWn in FIG. 5, a rough pattern 153 
having hemispherical relieves 150 is formed on the basic 
substrate 151. To form the rough pattern 153, for example, 
a top surface of the basic substrate 151 is selectively etched 
via a re?oWed photoresist pattern. Unlike a conventional 
technique, the rough pattern 153 is formed on “the substrate 
151” such as a sapphire substrate. This alloWs easy forma 
tion of the rough pattern 153, and enables the rough pattern 
153 to be formed at precise dimensions and at regular 
intervals. 

[0057] FIG. 11 is a top vieW illustrating a rough pattern 
153 formed on a top surface of the basic substrate 151 of 

Oct. 12, 2006 

FIG. 5, Which is a side sectional vieW cut along the line XX‘ 
of FIG. 11. As shoWn in FIGS. 5 and 11, the rough pattern 
153 is not formed on a partial area A of a top surface of the 
basic substrate 151. The area AWith no rough pattern formed 
thereon corresponds to an area Where an n-electrode Will be 
formed later. As stated later, since the area A is free of the 
rough pattern 153, increase in contact resistance of the 
n-electrode is prevented. 

[0058] The rough pattern 153 includes convexes or con 
caves Which are spaced from each other in the range of 20 
nm to 100 um, and each have a Width and a height of 20 nm 
to 100 um. Preferably, the convexes or concaves are spaced 
from each other in the range of 200 nm to 3 pm, and each 
have a Width and a height of 200 nm to 3 pm. For example, 
the rough pattern 153 having the convexes or concaves 
spaced from each other at 3 um or less is formed on the basic 
substrate 151 so that a photonic crystal may be formed on 
the top surface of the n-clad layer to be formed later. 

[0059] According to the embodiment of the invention, the 
rough pattern 153 has a hemispherical sectional shape but 
may be shaped differently. As illustrated in FIGS. 17 (a) to 
(e), on a top surface, the basic substrate 151 may have the 
rough pattern 153 in a variety of shapes such as a rough 
pattern 15311 With hemispherical relieves 15011, a rough 
pattern 153!) With hemispherical intaglios 150b, a rough 
pattern 1530 With rectangular intaglios 1500, a rough pattern 
153d With serrated relieves 150d and a rough pattern 153e 
With serrated intaglios 150e. 

[0060] Then, referring to FIG. 6, an undoped GaN layer 
111, an n-doped AlXGayIn1_X_yN layer 109, an active layer 
107, a p-type clad layer 105 are sequentially groWn on the 
basic substrate 151 having the rough surface pattern 153. As 
a result, a light emitting structure is formed, including the 
clad layers 110, 105 and the active layer 107. The undoped 
GaN layer 111 is groWn on a top surface of the basic 
substrate 151 having the rough pattern 153 so that the rough 
pattern 153 is transferred to a surface of the undoped GaN 
layer 111 contacting the basic substrate 151. Consequently, 
a rough pattern (see the reference numeral 121 of FIG. 9) is 
formed on an underside of the undoped GaN layer 111. The 
rough pattern 121 formed on the undoped GaN layer 111 has 
convexes or concaves spaced from each other at a distance 
substantially identical to that of the concaves or convexes of 
the rough pattern 153 formed on the basic substrate 151. 
Also, the convexes or concaves of the rough pattern 121 
formed on the undoped GaN layer 111 each have a Width and 
a height substantially identical to those of the concaves or 
convexes of the rough pattern 153 formed on the basic 
substrate 151. As explained above With reference to FIGS. 
5 and 11, the rough pattern 153 of the basic substrate 151 is 
not formed on the area corresponding to an n-electrode (the 
area A of FIGS. 5 and 11). Accordingly, the rough pattern 
121 of the undoped GaN layer 111 is not formed on this area 
either. 

[0061] In a manufacturing method according to the 
embodiment of the invention, an undoped GaN layer 111 and 
an n-doped AlXGayIn1_X_yN layer 109 constitute an n-type 
clad layer 110. HoWever, only the n-doped AlXGayIn1_X_yN 
layer 109 may constitute the n-type clad layer Without the 
undoped GaN layer 111. In such a case, the rough pattern 
153 of the basic substrate may be transferred to an underside 
of the n-doped AlXGayIn1_X_yN layer 109. 
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[0062] Then, as shown in FIG. 7, a re?ective layer 103 
made of eg a CuInO2/Ag layer, a CuInO2/Al layer or an 
Ni/Ag/Pt layer is formed on a p-type clad layer 105. The 
re?ective layer re?ects light toward a light exiting surface, 
thereby enhancing light extraction e?iciency. Then, as 
shoWn in FIG. 8, a conductive substrate 101 selected from 
a group consisting of W, Cu, Ni and alloys of at least tWo 
thereof is formed on the re?ective layer 103. The metal 
conductive substrate 101, for example, can be provided via 
plating, deposition or sputtering. In an alternative embodi 
ment, the conductive substrate 101 may be formed on the 
p-type clad layer 105 Without the re?ective layer. 

[0063] Next, referring to FIG. 9, the basic substrate 151 is 
removed from a light emitting structure. The basic substrate 
151, for example, can be removed by a laser lift-off process 
using a laser beam. Accordingly, as shoWn in FIG. 9, the 
rough pattern formed on the bottom surface of the undoped 
GaN layer 111 is exposed. 

[0064] Then, as shoWn in FIG. 10, an n-electrode 123 is 
formed on a partial area of the exposed surface of the 
undoped GaN layer 111. Therefore, the light emitting device 
100 according to the embodiment of the invention is 
acquired. It should be noted that the partial area Where the 
n-electrode is formed is free of the rough pattern 121. If the 
n-electrode 123 is formed on the rough-pattemed surface, 
contact resistance of the n-electrode is increased. Therefore, 
it is desirable to form the n-electrode 123 on an area Without 
the rough pattern 121 in order to prevent increase in contact 
resistance. Before forming the n-electrode 123, a transparent 
electrode (not illustrated) made of ITO may be formed on 
the exposed surface of the undoped GaN layer 111. 

[0065] FIG. 12 is a SEM picture illustrating the rough 
pattern 121 formed on a top surface of the undoped GaN 
layer 111. FIG. 13 is a SEM picture illustrating a magni?ed 
rough pattern of FIG. 12. As shoWn in FIGS. 12 and 13, the 
rough pattern 121 formed on the undoped GaN layer 111 has 
a clearly de?ned shape and a regular interval. It is relatively 
easy to form the rough pattern 153 With precise dimensions 
on the basic substrate 151 such as a sapphire substrate, 
thereby leading to easy formation of the rough pattern 121 
With precise dimensions on the undoped GaN layer 111. This 
consequently boosts yield. 

[0066] FIGS. 14 to 16 are sectional vieWs for explaining 
a method for manufacturing a group III-nitride light emitting 
device according to another embodiment of the invention. In 
this embodiment, a conductive substrate is bonded to a 
p-type clad layer via a conductive adhesive layer. This 
embodiment also goes through processes explained above 
With reference to FIGS. 4 to 7. 

[0067] Then, as shoWn in FIG. 14, conductive adhesive 
layers 202a and 20219 are formed on an exposed surface of 
the re?ective layer 103 and on a corresponding area of the 
conductive substrate 201. A metal substrate or a silicon 
substrate may be used as the conductive substrate 201. As 
the adhesive layer 202a, 202b, for example, gold (Au) is 
used. Alternatively, AuiSn, Sn, In, AuiAg or PbiSn 
may be adopted for the adhesive layer. Then, the conductive 
substrate 201 is adhered to the re?ective layer 103 via the 
conductive adhesive layers 202a and 20219. This enables 
bonding betWeen the conductive substrate 201 and the light 
emitting structure. In this embodiment, the conductive adhe 
sive layer is formed both on the conductive substrate 201 
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and the light emitting structure. HoWever, the conductive 
adhesive layer may be formed on either the conductive 
substrate 201 or the light emitting structure. The re?ective 
layer 103 may not be provided. 

[0068] Then, as shoWn in FIG. 15, the basic substrate 151 
is removed, thereby exposing the rough pattern formed on 
the undoped GaN layer 111. Then, as shoWn in FIG. 16, an 
n-electrode 123 is formed on an undoped GaN layer 111 to 
complete the light emitting device 200. According to this 
embodiment, the conductive substrate 201 prepared in 
advance is adhered to the light emitting structure via the 
conductive adhesive layer 202. This obviates a need for 
plating, deposition or sputtering required to form the con 
ductive substrate 201. Also, a silicon substrate may used as 
the conductive substrate 201. 

[0069] As set forth above, according to the invention, an 
undoped GaN layer having a rough pattern formed thereon 
is positioned under an n-electrode to produce a group 
III-nitride light emitting device improved in light extraction 
e?iciency and operating voltage. Also, according to a manu 
facturing method of the invention, a rough pattern formed on 
a basic substrate is transferred to an n-type clad layer, 
thereby ensuring easy manufacture of a vertical group 
III-nitride light emitting device having high extraction e?i 
ciency at a higher yield. 

[0070] While the present invention has been shoWn and 
described in connection With the preferred embodiments, it 
Will be apparent to those skilled in the art that modi?cations 
and variations can be made Without departing from the spirit 
and scope of the invention as de?ned by the appended 
claims. 

What is claimed is: 
1. A vertical group III-nitride light emitting device com 

prising: 
a conductive substrate; 

a p-type clad layer stacked on the conductive substrate; 

an active layer stacked on the p-type clad layer; 

an n-doped layer stacked on the active layer, the n-doped 
layer having a composition expressed by AlXGayInl_X_ 
yN, Where Oéxé l, Oéyél and 0§x+y§ 1; 

an undoped GaN layer stacked on the n-doped layer; and 

an n-electrode formed on the undoped GaN layer, 

Wherein the undoped GaN layer has a rough pattern 
formed on a top surface thereof. 

2. The vertical group III-nitride light emitting device 
according to claim 1, Wherein the undoped GaN layer does 
not have a rough pattern on an area Where the n-electrode is 
formed. 

3. The vertical group III-nitride light emitting device 
according to claim 1, further comprising a re?ective layer 
formed betWeen the conductive substrate and the p-type clad 
layer. 

4. The vertical group III-nitride light emitting device 
according to claim 3, Wherein the re?ective layer comprises 
one selected from a group consisting of a CuInO2/Ag layer, 
a CuInO2/Al layer and an Ni/Ag/Pt layer. 

5. The vertical group III-nitride light emitting device 
according to claim 1, further comprising a transparent elec 
trode layer formed on the undoped GaN layer. 
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6. The vertical group Ill-nitride light emitting device 
according to claim 1, further comprising a conductive adhe 
sive layer formed betWeen the conductive substrate and the 
p-type clad layer. 

7. The vertical group Ill-nitride light emitting device 
according to claim 6, Wherein the conductive adhesive layer 
comprises one selected from a group consisting of Au, 
AuiSn, Sn, In, AuiAg and PbiSn. 

8. The vertical group Ill-nitride light emitting device 
according to claim 6, further comprising a re?ective layer 
formed betWeen the conductive adhesive layer and the 
p-type clad layer. 

9. The vertical group Ill-nitride light emitting device 
according to claim 1, Wherein the conductive substrate 
comprises a metal substrate or a silicon substrate. 

10. The vertical group Ill-nitride light emitting device 
according to claim 9, Wherein the metal substrate comprises 
one selected from a group consisting of W, Cu, Ni, Ti and 
alloys of at least tWo thereof. 

11. The vertical group Ill-nitride light emitting device 
according to claim 1, Wherein the rough pattern comprises 
convexes or concaves Which are spaced from each other in 
the range of 20 nm to 100 um, and each have a Width and 
a height of 20 nm to 100 pm, respectively. 

12. The vertical group Ill-nitride light emitting device 
according to claim 1, Wherein the rough pattern comprises 
convexes or concaves Which are spaced from each other in 
the range of 200 nm to 3 um, and each have a Width and a 
height of 200 nm to 3 pm, respectively. 

13. The vertical group Ill-nitride light emitting device 
according to claim 1, Wherein the rough pattern comprises a 
photonic crystal. 

14. The vertical group Ill-nitride light emitting device 
according to claim 1, Wherein the rough pattern has one 
sectional shape selected from a group consisting of hemi 
sphere, rectangle and serration. 

15. A method for manufacturing a vertical group III 
nitride light emitting device comprising steps of: 

(i) preparing a basic substrate having a rough pattern 
formed on a top surface thereof; 

(ii) forming an n-type clad layer, an active layer and a 
p-type clad layer sequentially on the basic substrate, the 
clad layers and the active layer having compositions 
expressed by AlXGayln1_X_yN, Where Oéxé 1, Oéyé 1, 
and 0§x+y§ 1; 

(iii) forming a conductive substrate on the p-type clad 
layer; 
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(iv) removing the basic substrate so as to expose a rough 
pattern formed on a bottom surface of the n-type clad 
layer; and 

(v) forming an n-electrode on a partial area of the exposed 
bottom surface of the n-type clad layer. 

16. The method according to claim 15, Wherein the basic 
substrate comprises one selected from a group consisting of 
sapphire, SiC, GaN and AIN. 

17. The method according to claim 15, Wherein in the step 
(i), the rough pattern is not formed on a top surface area of 
the basic substrate corresponding to the n-electrode. 

18. The method according to claim 15, Wherein the step 
(ii) comprises: 

forming an undoped GaN layer on the basic substrate; and 

forming an n-doped layer on the undoped GaN layer, the 
n-doped layer having a composition expressed by Alx 
Gaylnl_X_yN, Where Oéxé 1, Oéyél and 0§x+y§1. 

19. The method according to claim 15, Wherein the step 
(iii) comprises bonding the conductive substrate to the 
p-clad layer via a conductive adhesive layer. 

20. The method according to claim 15, Wherein the step 
(iii) comprises forming the conductive substrate on the 
p-type clad layer via plating, deposition or sputtering. 

21. The method according to claim 15, further comprising 
forming a re?ective layer on the p-type clad layer betWeen 
the step (ii) and the step (iii). 

22. The method according to claim 21, Wherein the 
re?ective layer comprises one selected from a group con 
sisting of a CulnO2/Ag layer, a CuInOZ/Al layer and an 
Ni/Ag/ Pt layer. 

23. The method according to claim 15, further comprising 
forming a transparent electrode layer on the n-type clad 
layer after the step (iv). 

24. The method according to claim 15, Wherein the rough 
pattern formed on the basic substrate comprises convexes or 
concaves Which are spaced from each other in the range of 
20 nm to 100 um, and each have a Width and a height of 20 
nm to 100 pm, respectively. 

25. The method according to claim 15, Wherein the rough 
pattern formed on the basic substrate comprises convexes or 
concaves Which are spaced from each other in the range of 
200 nm to 3 pm, and each have a Width and a height of 200 
nm to 3 pm, respectively. 

26. The method according to claim 15, Wherein the step 
(i) is conducted such that the rough pattern has a sectional 
shape of hemisphere, rectangle or serration. 

* * * * * 


