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(57) ABSTRACT 

A method of fabricating a vertical structure nitride semicon 
ductor light emitting device having a cross-sectional shape 
of a polygon having ?ve or more sides or a circle. A light 
emitting structure is formed on a sapphire substrate. A metal 
layer having a plurality of patterns is formed on the light 
emitting structure. The patterns of the metal layer each have 
a shape corresponding to a cross-sectional shape of a Wanted 
?nal light emitting device and are spaced apart by a prede 
termined distance such that an upper surface of the light 
emitting structure is partially exposed. The light emitting 
structure is divided into a plurality of individualized light 
emitting structures by removing the light emitting structure 
beloW the exposed region between the patterns of the metal 
layer. The sapphire substrate is separated from the light 
emitting structure by irradiating a laser beam. 
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METHOD OF FABRICATING VERTICAL 
STRUCTURE NITRIDE SEMICONDUCTOR LIGHT 

EMITTING DEVICE 

RELATED APPLICATION 

[0001] The present application is based on, and claims 
priority from, Korean Application Number 2005-31613, 
?led Apr. 15, 2005, the disclosure of Which is hereby 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method of fab 
ricating a vertical structure nitride semiconductor light emit 
ting device, and more particularly, to a method of fabricating 
a vertical structure nitride semiconductor light emitting 
device that can alloW the vertical structure nitride semicon 
ductor light emitting device to be fabricated With a polygo 
nal cross section having ?ve or more sides such that the 
amount of light emitting from a side surface of the light 
emitting device is increased to improve the light extraction 
e?iciency and to decrease the heat generation due to an total 
internal re?ection. 

[0004] 2. Description of the Related Art 

[0005] In general, a nitride semiconductor, Which is a 
III-V semiconductor crystal, such as GaN, InN, AlN or the 
like, is Widely used in a light emitting device (LED) that can 
emit a single Wavelength of light, especially, blue light. 

[0006] Since a nitride semiconductor light emitting device 
in particular is fabricated using a sapphire substrate or the 
like satisfying a lattice matching condition for a crystal 
groWth, it has a horizontal structure in Which tWo electrodes 
connected With p-type and n-type nitride semiconductor 
layers are arranged nearly in parallel With an upper surface 
of a light emitting structure. A horizontal structure nitride 
semiconductor light emitting device (LED) according to the 
related art is shoWn in FIG. 1A. 

[0007] Referring to FIG. 1A, the horizontal structure 
nitride semiconductor LED according to the related art is 
con?gured to include a sapphire substrate 11, an n-type 
nitride semiconductor layer 12, an active layer 13, a p-type 
nitride semiconductor layer 14 and an ohmic contact layer 
15 sequentially deposited on the sapphire substrate, an 
n-side electrode 16 disposed on a partially exposed upper 
surface of the n-type nitride semiconductor layer 12, and a 
p-side electrode disposed on an upper surface of the ohmic 
contact layer 15. 

[0008] HoWever, the horizontal structure nitride semicon 
ductor LED has several drawbacks as folloWs. 

[0009] First, a ?oW of current toWard the p-side electrode 
17 from the n-side electrode 16 via the active layer 13 is 
formed narroW in a horizontal direction. Such a narroW 

current ?oW causes the forWard bias (Vf) of the horizontal 
structure nitride semiconductor LED to increase, so that the 
current e?iciency is deteriorated. 

[0010] Also, in the horizontal structure nitride semicon 
ductor LED, since an increase in the current density 
increases the amount of heat generation and a loW thermal 
conductivity of the sapphire substrate suppresses a smooth 
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heat radiation, a mechanical stress may occur betWeen the 
sapphire substrate and the nitride semiconductor light emit 
ting structure due to the increase of heat generation, so that 
the device become instable. 

[0011] Additionally, in order to form the n-side electrode 
16 in the horizontal structure nitride semiconductor LED, it 
is required that the partial upper surface of the n-type nitride 
semiconductor layer 12 be exposed by partially removing 
the active layer 13 and the p-type nitride semiconductor 
layer 14 by an area larger than the area of the n-side 
electrode 16. To this end, the light emitting area is decreased 
and the light emitting e?iciency according to a ratio of 
brightness to device size is deteriorated. 

[0012] To improve the aforementioned draWbacks of the 
horizontal structure nitride semiconductor LED, develop 
ment of a vertical structure nitride semiconductor LED is 
actively performed, in Which the sapphire substrate is 
removed using a laser lift-off process. 

[0013] FIG. 1B is a perspective vieW of a vertical struc 
ture nitride semiconductor LED according to the related art. 
Referring to FIG. 1B, the related art vertical structure nitride 
semiconductor LED includes an n-type nitride semiconduc 
tor layer 12, an active layer 13, a p-type nitride semicon 
ductor layer 14, a high re?ective ohmic contact layer 15 and 
a conductive support substrate 18. To form the above ver 
tical structure nitride semiconductor LED, the n-type nitride 
semiconductor layer 12, the active layer 13, and the p-type 
nitride semiconductor layer 14 are sequentially formed on a 
sapphire substrate and thereafter the sapphire substrate is 
removed using a laser lift off (LLO) process. At this time, the 
n-type nitride semiconductor layer 12 serves as the upper 
most layer and an upper surface of the n-type nitride 
semiconductor layer 12 is used as a light emitting surface. A 
transparent electrode layer 19 for improving the current 
diffusion can be optionally formed on the upper surface of 
the n-type nitride semiconductor layer 12. Also, an n-side 
electrode 16 is formed on the upper surface of the n-type 
nitride semiconductor layer 12 or an upper surface of the 
transparent electrode layer 19, and is supplied With current 
through a Wire bonded thereto. 

[0014] Such vertical structure nitride semiconductor LEDs 
have generally a rectangular cross section. To this end, When 
light generated from the active layer 13 travels toWard a side 
surface of the LED, a difference in refractive index betWeen 
the nitride constituting the LED and outer air restricts an 
incident angle alloWing light to emit outside the LED. As 
shoWn in FIG. 2, the light generated at a point of the active 
layer 13 of the LED can pass through the side surface of the 
LED and emit to an outside only When it travels at an angle 
smaller than an incident angle 0. The light traveling at an 
angle larger than the incident angle is totally re?ected 
toWard an inside of the LED. Since the totally re?ected light 
cannot emit from the inside of the LED to the outside, the 
light extraction e?iciency of the LED is deteriorated, so that 
brightness decreases. In addition, since the light that does 
not emit to the outside of the LED is dissipated as heat inside 
the LED to increase the exothermic amount of the LED, the 
inner temperature is elevated to change the characteristic of 
the LED and to shorten the lift span. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, the present invention is directed to a 
method of fabricating a vertical structure nitride semicon 
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ductor light emitting device that substantially obviates one 
or more problems due to limitations and disadvantages of 
the related art. 

[0016] An object of the present invention is to provide a 
method of fabricating a vertical structure nitride semicon 
ductor light emitting device that can alloW the vertical 
structure nitride semiconductor light emitting device to be 
fabricated With a polygonal cross section having ?ve or 
more sides, thereby enhancing the light extraction e?iciency 
through a side surface of the vertical structure nitride 
semiconductor light emitting device, to prevent the device 
characteristic from being deteriorated due to heat generation 
and to extend the lift span. 

[0017] Additional advantages, objects, and features of the 
invention Will be set forth in part in the description Which 
folloWs and in part Will become apparent to those having 
ordinary skill in the art upon examination of the folloWing 
or may be learned from practice of the invention. The 
objectives and other advantages of the invention may be 
realiZed and attained by the structure particularly pointed out 
in the Written description and claims hereof as Well as the 
appended draWings. 
[0018] To achieve these objects and other advantages and 
in accordance With the purpose of the invention, as embod 
ied and broadly described herein, there is provided a method 
of fabricating a vertical structure nitride semiconductor light 
emitting device, the method including: forming a light 
emitting structure including an n-type nitride semiconductor 
layer, an active layer and a p-type nitride semiconductor 
layer sequentially disposed on a sapphire substrate; forming 
a metal layer having a plurality of patterns on the light 
emitting structure, the plurality of patterns of the metal layer 
each having a shape corresponding to a cross-sectional 
shape of a Wanted ?nal light emitting device and being 
spaced apart by a predetermined distance such that an upper 
surface of the light emitting structure is partially exposed; 
dividing the light emitting structure into a plurality of 
individualiZed light emitting structures each having a siZe 
corresponding to a siZe of the ?nal light emitting device by 
removing the light emitting structure beloW the exposed 
region betWeen the plurality of patterns of the metal layer; 
separating the sapphire substrate from the light emitting 
structure by irradiating a laser beam onto a loWer surface of 
the sapphire substrate, Whereby the light emitting structure 
is completely separated in the siZe corresponding to the siZe 
of the ?nal light emitting device; and forming a bonding pad 
on a surface of the n-type nitride semiconductor layer from 
Which the sapphire substrate is removed. 

[0019] The forming of the metal layer having the plurality 
of patterns, may include: forming a mask pattern Which 
exposes predetermined regions of an upper surface of the 
light emitting structure on Which the plurality of patterns of 
the metal layer are formed, but covers remaining regions 
other than the predetermined regions of the upper surface of 
the light emitting structure; forming a metal layer on the 
exposed regions of the upper surface of the light emitting 
structure using a plating method; and removing the mask 
pattern. 
[0020] The plurality of patterns of the metal layer may 
have a polygonal cross section having ?ve or more sides or 
a circular cross section. 

[0021] The separating of the light emitting structure may 
include removing the light emitting structure corresponding 
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to the exposed regions betWeen the pluralities of patterns of 
the metal layer using a dry etching method. 

[0022] The separating of the sapphire substrate may 
include irradiating the laser beam at least tWo times onto the 
loWer surface of the sapphire substrate located beloW the 
individualiZed light emitting structures divided in the siZe of 
the ?nal light emitting device. 

[0023] The forming of the light emitting structure may 
further include forming a high re?ective ohmic contact layer 
having a conductivity and a re?ectivity on the p-type nitride 
semiconductor layer. The high re?ective ohmic contact layer 
may include at least one layer made of one selected from the 
group consisting of Ag, Ni, Al, Rh, Pd, lr, Ru, Mg, Zn, Pt, 
Au, Hf and a combination thereof. 

[0024] The forming of the bonding pad may include: 
forming a transparent electrode layer on a surface of the 
n-type nitride semiconductor layer from Which the sapphire 
substrate is removed; and forming the bonding pad on a 
loWer surface of the transparent electrode layer. The trans 
parent electrode layer may be formed in at least one layer of 
one selected from Indium tin oxide (ITO), indium oxide 
(10), Tin dioxide (SnO2) and indium Zinc oxide (IZO). 

[0025] According to another aspect of the present inven 
tion, there is provided a method of fabricating a vertical 
structure nitride semiconductor light emitting device, the 
method including: forming a light emitting structure includ 
ing an n-type nitride semiconductor layer, an active layer 
and a p-type nitride semiconductor layer sequentially dis 
posed on a sapphire substrate; dividing the light emitting 
structure into a plurality of individualiZed light emitting 
structures each having a cross section and a siZe of a Wanted 
?nal light emitting device by partially removing the light 
emitting structure; forming a metal layer on upper surfaces 
of the individualiZed light emitting structures; separating the 
sapphire substrate from the individualized light emitting 
structures by irradiating a laser beam onto a loWer surface of 
the sapphire substrate, Whereby the individualiZed light 
emitting structures are completely separated in the siZe of 
the ?nal light emitting device; and forming a bonding pad on 
a surface of the n-type nitride semiconductor layer from 
Which the sapphire substrate is removed. 

[0026] The separating of the light emitting device into the 
plurality of individualiZed light emitting devices, may 
include: forming a mask pattern Which exposes predeter 
mined regions of an upper surface of the light emitting 
structure corresponding to upper surfaces of the plurality of 
individualiZed light emitting structures, but covers remain 
ing regions other than the predetermined regions of the 
upper surface of the light emitting structure; and removing 
the exposed regions of the upper surface of the light emitting 
device using a dry etch method. 

[0027] The ?nal light emitting device may have a polygo 
nal cross section having ?ve or more sides or a circular cross 
section. 

[0028] The forming of the metal layer may include: form 
ing a mask pattern higher than the individualized light 
emitting structures betWeen the plurality of individualiZed 
light emitting structures; forming a metal layer on the 
individualiZed light emitting structures using a plating 
method; and removing the mask pattern. 
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[0029] The separating of the sapphire substrate may 
include irradiating the laser beam at least tWo times onto the 
loWer surface of the sapphire substrate located beloW the 
individualized light emitting structures. 

[0030] It is to be understood that both the foregoing 
general description and the following detailed description of 
the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, 
illustrate embodiment(s) of the invention and together With 
the description serve to explain the principle of the inven 
tion. In the draWings: 

[0032] FIGS. 1A and 1B are perspective vieWs of nitride 
semiconductor light emitting devices according to the 
related art; 

[0033] FIG. 2 is a concept vieW explaining a problem 
caused in the related art nitride semiconductor light emitting 
device; 
[0034] FIGS. 3a through 3d are sectional vieWs illustrat 
ing a method of fabricating a vertical structure nitride 
semiconductor light emitting device according to an 
embodiment of the present invention; 

[0035] FIGS. 4a through 4e are sectional vieWs illustrat 
ing a method of fabricating a vertical structure nitride 
semiconductor light emitting device according to an 
embodiment of the present invention; 

[0036] FIGS. 5a and 5b are plane vieWs of exemplary 
mask patterns formed on a light emitting structure in order 
to form a metal layer of the present invention; 

[0037] FIGS. 6a and 6b are sectional vieWs illustrating 
process steps folloWing the process steps of FIGS. 3 and 4; 
and 

[0038] FIG. 7 is a concept vieW explaining a laser beam 
irradiation region according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] The present invention Will noW be described more 
fully With reference to the accompanying draWings, in Which 
exemplary embodiments of the invention are shoWn. The 
invention may, hoWever, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the concept of the invention to 
those skilled in the art. In the draWings, the thicknesses of 
layers and regions are exaggerated for clarity. 

[0040] FIGS. 3a through 3d are sectional vieWs illustrat 
ing a method of fabricating a vertical structure nitride 
semiconductor light emitting device according to an 
embodiment of the present invention. 

[0041] Referring to FIG. 3a, an n-type nitride semicon 
ductor layer 112, an active layer 113, a p-type nitride 
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semiconductor layer 114 and a high re?ective ohmic contact 
layer 115 are sequentially stacked on a sapphire substrate 
111 to form a light emitting structure. In the layer layout of 
the light emitting structure, the high re?ective ohmic contact 
layer 115 may be omitted if necessary. Accordingly, the term 
‘light emitting structure’ in the present invention is de?ned 
as a structure including the n-type nitride semiconductor 
layer 112, the active layer 113 and the p-type nitride semi 
conductor layer 114 sequentially formed on the sapphire 
substrate 111 or as a structure including the n-type nitride 
semiconductor layer 112, the active layer 113, the p-type 
nitride semiconductor layer 114 and the high re?ective 
ohmic contact layer 115 sequentially formed on the sapphire 
substrate 111. 

[0042] The sapphire substrate 111 is a crystal having a 
hexa-Rhombo R3c type symmetry and is characteriZed by a 
lattice constant of 13.001 A in a c-axis direction, a distance 
betWeen lattices of 4.765 A in an a-axis direction, and 
orientation planes C(OOOl), A(ll20), R(ll02) and the like. 
Since C-plane of the sapphire substrate (111) alloWs a thin 
nitride ?lm to be easily groWn thereon and is stable in high 
temperature, the sapphire substrate is mainly used as a 
substrate for an optical device. 

[0043] The n-type nitride semiconductor layer 112 can be 
made of n-doped semiconductor material having a compo 
sition formula of AlXInyGa(1_X_y)N (Where Oéxé l, Oéyé l, 
0§x+y§l). Representative materials of the nitride semi 
conductor layer include GaN, AlGaN and GaInN. For dop 
ing of the n-type nitride semiconductor layer 112, impurities, 
such as Si, Ge, Se, Te, C or the like can be used. The n-type 
nitride semiconductor layer 112 is formed by depositing the 
above semiconductor material on the sapphire substrate 
using a Well-knoWn deposition process, such as a metal 
organic chemical vapor deposition (MOCVD), a molecular 
beam epitaxy (MBE) or a hybride vapor phase epitaxy 
(HVPE). 
[0044] Normally, a buffer layer for buffering the lattice 
mismatching may be formed betWeen the sapphire substrate 
111 and the n-type nitride semiconductor layer 112. As the 
buffer layer, a loW temperature nucleus groWth layer, such as 
GaN, AlN or the like and/or non-doped nitride layer can be 
used. 

[0045] The active layer 113 is a layer for emitting light, 
and is made of a nitride semiconductor layer, such as GaN, 
InGaN or the like having a single quantum Well structure or 
a multi-quantum Well structure. The active layer 113 can be 
formed using a Well-knoWn deposition process, such as an 
MOCVD, an MBE or an HVPE, like the n-type nitride 
semiconductor layer 112. 

[0046] Like the n-type nitride semiconductor layer 112, 
the p-type nitride semiconductor layer 114 can be made of 
p-doped semiconductor material having a composition for 
mula of AlXInyGa(1_X_y)N (Where Oéxél, Oéyél, 0§x+ 
yé l) . Representative materials of the nitride semiconductor 
layer include GaN, AlGaN and GaInN. For doping of the 
p-type nitride semiconductor layer 112, impurities, such as 
Mg, Zn, Be or the like can be used. The p-type nitride 
semiconductor layer 114 is formed by depositing the above 
semiconductor material on the sapphire substrate using a 
Well-knoWn deposition process, such as a metal organic 
chemical vapor deposition (MOCVD), a molecular beam 
epitaxy (MBE) or a hybride vapor phase epitaxy (HVPE). 
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[0047] The high re?ective ohmic contact layer 115 is 
suitable for lowering the contact resistance With the p-type 
nitride semiconductor layer 114 having a relatively high 
energy bandgap, and at the same time for enhancing the 
effective brightness of the light directing toWard a loWer 
surface of the n-type nitride semiconductor layer 112 serving 
as a light emitting surface. The high re?ective ohmic contact 
layer 115 can be made of a metal having a high re?ectivity. 
It is preferable that the high re?ective ohmic contact layer 
115 be formed in a structure including at least one layer 
made of one selected from the group consisting of Ag, Ni, 
Al, Rh, Pd, lr, Ru, Mg, Zn, Pt, Au, Hf and a combination 
thereof. 

[0048] Next, at least tWo metal layers are formed on the 
light emitting structure, Which is shoWn in FIGS. 3B and 
3C. 

[0049] At least tWo metal layers 131 formed on an upper 
surface of the light emitting structure are an element 
included in a ?nally fabricated light emitting device, and 
have the same cross section as that of the ?nally fabricated 
light emitting device. The metal layers 131 are formed on the 
upper surface of the light emitting structure such that they 
are spaced apart by a predetermined interval from each other 
and the upper surface of the light emitting structure is 
partially exposed. Each of the metal layers 131 serves as a 
p-side electrode of individualized light emitting structures as 
fabricated and at the same time as a support body supporting 
the light emitting structure. Accordingly, the cross section of 
each of the metal layers 131 is the same in shape as that of 
each of the individualized light emitting structures as ?nally 
fabricated. 

[0050] Hereinafter, process steps of forming the at least 
tWo metal layers 131 Will be describe in more detail. As 
shoWn in FIG. 3B, a mask pattern 121 is formed on the 
upper surface 115 of the light emitting structure. The mask 
pattern 121 exposes predetermined regions of the upper 
surface of the light emitting structure on Which the at least 
tWo metal layers are being formed, but covers the remaining 
regions. The mask pattern 121 is shoWn in FIG. 5a in detail. 
Referring to FIG. 5A, the mask pattern Which exposes 
predetermined regions of the upper surface of the light 
emitting structure on Which the at least tWo metal layers are 
being formed, but covers the remaining regions, is formed. 
Accordingly, during a subsequent process of forming the 
metal layers, the metal layers patterns are formed on the 
exposed regions of the light emitting structure and are 
spaced apart by a predetermined interval from each other. 

[0051] The present invention is characterized by providing 
a method of fabricating a vertical structure nitride semicon 
ductor light emitting device having a polygonal cross section 
having ?ve or more sides, or a circular cross section. For this 
purpose, it is required that the metal layers have the same 
cross section in shape as that of the ?nally fabricated light 
emitting device, for example, a pentagon, a polygon having 
more sides than the pentagon, or a circle. Accordingly, the 
mask pattern 121 should be patterned such that the exposed 
portions of the upper surface of the light emitting structure 
have the same cross section in shape as those of the metal 
layers. 

[0052] Next, referring to FIG. 3C, the metal layers 131 are 
formed on the upper surface of the light emitting structure 
exposed due to the mask pattern 121 by a plating method, 
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and then the mask pattern 121 (see 121 of FIG. 3B) is 
removed. The plating method used for forming the metal 
layers 131 includes Well-knoWn methods, such as an elec 
trolyte plating, a non-electrolyte plating, a deposition plating 
and the like. Out of the aforementioned plating methods, one 
having the shortest plating time is preferably selected. 

[0053] Next, referring to FIG. 3D, regions betWeen pat 
terns of the metal layers 131 are removed such that the 
resultant light emitting structure of FIG. 3 is divided into 
individual light emitting devices each having a ?nal size. 
The nitride semiconductor material constituting the light 
emitting structure can be easily processed by a dry etching 
so as to have a Wanted cross-sectional shape. The dry etch 
can be performed by a reactive ion etching (RIE) method or 
the like Well knoWn in this art. In this dry etching process, 
since the metal layers 131 are used as an etch mask, a 
process of forming a separate mask can be omitted. Through 
the dry etching process, the light emitting structure of FIG. 
3C are divided into the ?nally individualized light emitting 
structures each having the same cross-sectional shape (ex. 
pentagon, polygon having more sides than pentagon or 
circle) as that of the metal layer 131. 

[0054] Subsequent process steps are shoWn in FIGS. 6A 
and 6B. 

[0055] Referring to FIG. 6A, a laser beam is irradiated 
onto a loWer surface of the sapphire substrate 111 to separate 
the sapphire substrate from the light emitting structure. 
Herein, it is preferable that the laser beam should not be 
irradiated onto the entire surface of the sapphire substrate 
111 but be irradiated tWo or more times aligning With the 
respective divided light emitting devices formed on the 
sapphire substrate 111, Which Will be described in more 
detail With reference to FIG. 7. FIG. 7 shoWs the loWer 
surface of the sapphire substrate so as to explain a laser 
beam irradiation region. As shoWn in FIG. 7, the light 
emitting structures ‘S’ divided in a size of an individual light 
emitting device on the sapphire substrate 111 are spaced 
apart by a predetermined interval from one another, and the 
laser beam irradiation region ‘L’ includes a region corre 
sponding to the loWer surface of each of the divided light 
emitting structures. At this time, it is preferable that the laser 
beam irradiation region ‘L’ should not include a loWer region 
of an adjacent light emitting structure ‘S’. If the laser beam 
irradiation region extends to the adjacent loWer region, a 
laser beam overlapping zone ‘D’ may be generated. The 
laser beams overlapping each other may damage the over 
lying light emitting structures. Accordingly, it is required 
that the laser beam irradiation region should include the 
loWer region ‘S’ of each of the light emitting devices but 
should not extend to the adjacent loWer region of an adjacent 
light emitting structure, and the laser beam overlapping 
region ‘D’ should be a region spaced betWeen adjacent light 
emitting devices. 

[0056] As aforementioned, since the vertical structure 
light emitting device has a polygonal cross section having 
?ve or more sides or a circular cross section, it is preferable 
that the irradiated laser beam should have the same shape as 
that of the cross section of the Wanted light emitting device. 
For this purpose, it is preferable that a laser mask using a 
metal material be disposed betWeen the irradiated laser beam 
and the sapphire substrate. In other Words, the laser mask 
can be fabricated in a form passing through the cross section 
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of the Wanted light emitting device. Preferably, the laser 
mask can be fabricated in a Wanted form using a plurality of 
iris Wings like an iris of a camera, or using a mask including 
a quartz plate and a metal pattern formed thereon like in a 
photolithography process. 

[0057] Next, referring to FIG. 6B, bonding pads 141 are 
formed on a loWer surface of the n-type nitride semicon 
ductor layer 112 from Which the sapphire substrate is 
removed. The bonding pads 141 serve as an n-side electrode 
of the light emitting device. The bonding pads 141 can be 
formed by a process including forming a transparent elec 
trode (not shoWn) on the loWer surface of the n-type nitride 
semiconductor layer 112 from Which the sapphire substrate 
111 is removed, and forming the bonding pads 141 on a 
loWer surface of the transparent electrode layer. In the 
vertical structure nitride semiconductor light emitting 
device, the loWer surface of the n-type nitride semiconductor 
layer 112 from Which the sapphire substrate 111 is removed 
becomes a light emitting surface. Accordingly, in order to 
improve a diffusion of current supplied from the n-side 
electrode and at the same time to prevent emitting light from 
being lost, it is preferable that the transparent electrode layer 
be formed on the loWer surface of the n-type nitride semi 
conductor layer 112 from Which the sapphire substrate 111 
is removed. The transparent electrode layer can be formed 
one selected from Indium tin oxide (ITO), indium oxide 
(IO), Tin dioxide (SnO2) and indium Zinc oxide (IZO). 

[0058] A method of fabricating a vertical structure nitride 
semiconductor light emitting device according to a second 
embodiment of the present invention Will be described With 
reference to FIGS. 4A to 4E. 

[0059] First, referring to FIG. 4A, an n-type nitride semi 
conductor layer 112, an active layer 113, and a p-type nitride 
semiconductor layer 114 are sequentially stacked on a 
sapphire substrate 111 to form a light emitting structure. 
Like in the aforementioned ?rst embodiment of the present 
invention, a high re?ective ohmic contact layer 115 can be 
further formed on the p-type nitride semiconductor layer 
114. Descriptions concerning the high re?ective ohmic 
contact layer 115 Will be omitted so as to avoid the repetition 
With those performed in the ?rst embodiment. 

[0060] Next, referring to FIGS. 4B and 4C, the light 
emitting structure is partially removed such that the resultant 
light emitting structure of FIG. 4B is divided into individual 
light emitting devices each having the same cross section 
and siZe as those of a Wanted ?nal light emitting device. The 
dividing of the light emitting structure into a plurality of 
light emitting devices can be performed by forming a mask 
pattern 122 covering regions corresponding to the respective 
upper surfaces of the plurality of individualiZed light emit 
ting structures and exposes the remaining regions on an 
upper surface of the light emitting structure as shoWn in 
FIG. 4B and removing the exposed regions of the light 
emitting structure by a dry etching method using the mask 
pattern 122 as an etch mask, as shoWn in FIG. 4C. FIG. 5B 
shoWs a shape of the mask pattern 122. As shoWn in FIG. 
5B, the mask pattern 122 is formed in a pattern Which covers 
upper regions of the light emitting structure on Which a 
metal layer having a plurality of pattern is being formed but 
exposes the remaining regions. Accordingly, the exposed 
regions are removed by the dry etching, so that the light 
emitting structure is divided into the plurality of individu 
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aliZed light emitting structures each having the cross section 
and siZe of a ?nally fabricated light emitting device. Each of 
the regions covered by the mask pattern 122 has the same 
cross-sectional shape as that of each of the plurality of 
individualiZed light emitting structures. FIG. 5B exemplar 
ily shoWs a hexagonal cross section, but the present inven 
tion is not limited thereto. 

[0061] Next, referring to FIGS. 4D and 4E, a metal layer 
131 is formed on the upper surfaces of the plurality of 
individualiZed light emitting structures. As shoWn in FIG. 
4D, the metal layer 131 is formed by forming a mask pattern 
123 made higher than the plurality of individualiZed light 
emitting structures betWeen the plurality of individualiZed 
light emitting structures, forming a metal layer 131 on the 
upper surfaces of the plurality of individualiZed light emit 
ting structures using a plating method, and removing the 
mask pattern 123. The plating method used for forming the 
metal layers 131 includes Well-knoWn methods, such as an 
electrolyte plating, a non-electrolyte plating, a deposition 
plating and the like. Out of the aforementioned plating 
methods, one having the shortest plating time is preferably 
selected. 

[0062] Compared With the ?rst embodiment, the second 
embodiment further includes one process of forming the 
mask pattern. In terms of the simpli?cation of the process, 
the ?rst embodiment is more preferable than the second 
embodiment. 

[0063] Subsequent process steps are shoWn in FIGS. 6A 
and 6B. Since the process steps shoWn in FIGS. 6A and 6B 
are the same as those described in the ?rst embodiment, they 
Will be omitted. 

[0064] According to a method of fabricating a vertical 
structure nitride semiconductor light emitting device pro 
vided in the present invention, since the vertical structure 
nitride semiconductor light emitting device can be formed 
With a cross-sectional shape of a polygon having ?ve or 
more sides, or a circle, the amount of light emitting through 
a side surface of the light emitting device to improve the 
light extraction ef?ciency, and thereby the amount of light 
dissipated as heat inside the light emitting device is 
decreased to decrease the heat generated from the light 
emitting device. 

[0065] As described above, according to the present 
invention, since the vertical structure nitride semiconductor 
light emitting device can be formed With a cross-sectional 
shape of a polygon having ?ve or more sides, or a circle, the 
amount of light emitting through a side surface of the light 
emitting device to improve the light extraction ef?ciency, 
and thereby the amount of light dissipated as heat inside the 
light emitting device is decreased to decrease the heat 
generated from the light emitting device. As a result, it is 
possible to increase the brightness of the light emitting from 
the light emitting device. In addition, inner heat generation 
is decreased to increase the life span of the light emitting 
device and the properties of the light emitting device can be 
prevented from being deteriorated due to the heat genera 
tion. 

[0066] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
present invention. Thus, it is intended that the present 
invention covers the modi?cations and variations of this 
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invention provided they come Within the scope of the 
appended claims and their equivalents. 

What is claimed is: 
1. A method of fabricating a vertical structure nitride 

semiconductor light emitting device, the method compris 
ing: 

forming a light emitting structure including an n-type 
nitride semiconductor layer, an active layer and a 
p-type nitride semiconductor layer sequentially dis 
posed on a sapphire substrate; 

forming a metal layer having a plurality of patterns on the 
light emitting structure, the plurality of patterns of the 
metal layer each having a shape corresponding to a 
cross-sectional shape of a Wanted ?nal light emitting 
device and being spaced apart by a predetermined 
distance such that an upper surface of the light emitting 
structure is partially exposed; 

dividing the light emitting structure into a plurality of 
individualiZed light emitting structures each having a 
siZe corresponding to a siZe of the ?nal light emitting 
device by removing the light emitting structure beloW 
the exposed region betWeen the plurality of patterns of 
the metal layer; 

separating the sapphire substrate from the light emitting 
structure by irradiating a laser beam onto a loWer 
surface of the sapphire substrate, Whereby the light 
emitting structure is completely separated in the siZe 
corresponding to the siZe of the ?nal light emitting 
device; and 

forming a bonding pad on a surface of the n-type nitride 
semiconductor layer from Which the sapphire substrate 
is removed. 

2. The method of claim 1, Wherein the forming of the 
metal layer having the plurality of patterns, comprises: 

forming a mask pattern Which exposes predetermined 
regions of an upper surface of the light emitting struc 
ture on Which the plurality of patterns of the metal layer 
are formed, but covers remaining regions other than the 
predetermined regions of the upper surface of the light 
emitting structure; 

forming a metal layer on the exposed regions of the upper 
surface of the light emitting structure using a plating 
method; and 

removing the mask pattern. 
3. The method of claim 1, Wherein the plurality of patterns 

of the metal layer have a polygonal cross section having ?ve 
or more sides. 

4. The method of claim 1, Wherein the plurality of pattern 
of the metal layer have a circular cross section. 

5. The method of claim 1, Wherein the separating of the 
light emitting structure comprises removing the light emit 
ting structure corresponding to the exposed regions betWeen 
the plurality of patterns of the metal layer using a dry etching 
method. 

6. The method of claim 1, Wherein the separating of the 
sapphire substrate comprises irradiating the laser beam at 
least tWo times onto the loWer surface of the sapphire 
substrate located beloW the individualiZed light emitting 
structures divided in the siZe of the ?nal light emitting 
device. 
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7. The method of claim 1, Wherein the forming of the light 
emitting structure further comprises forming a high re?ec 
tive ohmic contact layer having a conductivity and a re?ec 
tivity on the p-type nitride semiconductor layer. 

8. The method of claim 7, Wherein the high re?ective 
ohmic contact layer comprises at least one layer made of one 
selected from the group consisting of Ag, Ni, Al, Rh, Pd, lr, 
Ru, Mg, Zn, Pt, Au, Hf and a combination thereof. 

9. The method of claim 1, Wherein the forming of the 
bonding pad comprises: 

forming a transparent electrode layer on a surface of the 
n-type nitride semiconductor layer from Which the 
sapphire substrate is removed; and 

forming the bonding pad on a loWer surface of the 
transparent electrode layer. 

10. The method of claim 9, Wherein the transparent 
electrode layer is formed in at least one layer of one selected 
from Indium tin oxide (ITO), indium oxide (10), Tin dioxide 
(SnO2) and indium Zinc oxide (IZO). 

11. A method of fabricating a vertical structure nitride 
semiconductor light emitting device, the method compris 
ing: 

forming a light emitting structure including an n-type 
nitride semiconductor layer, an active layer and a 
p-type nitride semiconductor layer sequentially dis 
posed on a sapphire substrate; 

dividing the light emitting structure into a plurality of 
individualiZed light emitting structures each having a 
cross section and a siZe of a Wanted ?nal light emitting 
device by partially removing the light emitting struc 
ture; 

forming a metal layer on upper surfaces of the individu 
aliZed light emitting structures; 

separating the sapphire substrate from the individualiZed 
light emitting structures by irradiating a laser beam 
onto a loWer surface of the sapphire substrate, Whereby 
the individualiZed light emitting structures are com 
pletely separated in the siZe of the ?nal light emitting 
device; and 

forming a bonding pad on a surface of the n-type nitride 
semiconductor layer from Which the sapphire substrate 
is removed. 

12. The method of claim 11, Wherein the separating of the 
light emitting device into the plurality of individualiZed light 
emitting devices, comprises: 

forming a mask pattern Which exposes predetermined 
regions of an upper surface of the light emitting struc 
ture corresponding to upper surfaces of the plurality of 
individualiZed light emitting structures, but covers 
remaining regions other than the predetermined regions 
of the upper surface of the light emitting structure; and 

removing the exposed regions of the upper surface of the 
light emitting device using a dry etch method. 

13. The method of claim 11, Wherein the ?nal light 
emitting device has a polygonal cross section having ?ve or 
more sides. 

14. The method of claim 1, Wherein the ?nal light emitting 
device has a circular cross section. 

15. The method of claim 11, Wherein the forming of the 
metal layer comprises: 
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forming a mask pattern higher than the individualized 
light emitting structures betWeen the plurality of indi 
vidualized light emitting structures; 

forming a metal layer on the individualized light emitting 
structures using a plating method; and 

removing the mask pattern. 
16. The method of claim 11, Wherein the separating of the 

sapphire substrate comprises irradiating the laser beam at 
least tWo times onto the loWer surface of the sapphire 
substrate located beloW the individualized light emitting 
structures. 

17. The method of claim 11, Wherein the forming of the 
light emitting structure further comprises forming a high 
re?ective ohmic contact layer having a conductivity and a 
re?ectivity on the p-type nitride semiconductor layer. 

18. The method of claim 17, Wherein the high re?ective 
ohmic contact layer comprises at least one layer made of one 
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selected from the group consisting of Ag, Ni, Al, Rh, Pd, lr, 
Ru, Mg, Zn, Pt, Au, Hf and a combination thereof. 

19. The method of claim 11, Wherein the forming of the 
bonding pad comprises: 

forming a transparent electrode layer on a surface of the 
n-type nitride semiconductor layer from Which the 
sapphire substrate is removed; and 

forming the bonding pad on a loWer surface of the 
transparent electrode layer. 

20. The method of claim 19, Wherein the transparent 
electrode layer is formed in at least one layer of one selected 
from Indium tin oxide (ITO), indium oxide (10), Tin dioxide 
(SnO2) and indium zinc oxide (IZO). 


