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(57) ABSTRACT 

A first Semiconductor light emitting device comprises: a 
transparent Substrate; a light emitting layer; and a roughened 
region. The transparent Substrate has a first major Surface 
and a Second major Surface, and is translucent to light in a 
first wavelength band. The light emitting layer is Selectively 
provided in a first portion on the first major Surface of the 
transparent Substrate and configured to emit light in the first 
wavelength band. The roughened region is provided in a 
second portion different from the first portion on the first 
major Surface. A Second Semiconductor light emitting device 
comprises: a transparent Substrate; a light emitting layer; a 
first electrode, and at least one groove. The groove is 
provided on the Second major Surface of the transparent 
Substrate and is extending from a first Side face to a Second 
Side face opposing the first Side face of the transparent 
Substrate. 
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SEMCONDUCTOR LIGHT EMITTING DEVICE 
AND SEMCONDUCTOR LIGHT EMITTING 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2004-146231, filed on May 17, 2004; the entire contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a semiconductor light 
emitting device and a Semiconductor light emitting appara 
tus using a transparent Substrate, and more particularly to a 
Semiconductor light emitting device and a Semiconductor 
light emitting apparatus having a structure Suitable to 
achieving Sufficient optical output. 

0003) Semiconductor light emitting devices, especially 
light emitting diodes (LEDs), have been widely used for 
Such applications as full-color displays, traffic signal equip 
ment, and in-vehicle applications. These applications par 
ticularly require the devices with higher optical output. 
0004 Conventionally, typical LEDs of this type have a 
Structure in which a light emitting layer having a p-n 
junction is formed on the upper Surface of a transparent 
Substrate having a generally rectangular cross Section and 
being translucent to the emission wavelength. For the pur 
pose of electrical connection, the light emitting layer is 
provided with an upper Surface electrode on its upper 
Surface Side and a lower Surface electrode on its lower 
Surface Side. 

0005. In a LED configured as described above, part of the 
light emitted from the p-n junction has an incident angle not 
greater than the critical angle and can be extracted outside 
the LED. However, light having an incident angle greater 
than the critical angle is totally reflected, Subjected to 
multiple reflections inside the LED, and finally vanished by 
absorption in the light emitting layer or the transparent 
Substrate. This presents a problem that LEDs having a high 
optical output cannot be obtained. 
0006. In this respect, a LED having an upper surface on 
which a roughened light extraction region is formed, and a 
LED having a lower Surface on which a recessed portion of 
generally spherical shape is formed, are known (see, e.g., 
Japanese Laid-Open Patent Application 10-200156 (1998), 
page 3, FIG. 4 (hereinafter referred to as Patent Document 
1); or Japanese Laid-Open Patent Application 9-928.78 
(1997), page 4, FIG. 1 (hereinafter referred to as Patent 
Document 2)). 
0007. The LED disclosed in Patent Document 1 is a LED 
of the So-called mesa-Structure, which has downward curved 
Surfaces in the upper portion of an AlGaAS Semiconductor 
Substrate having a p-n junction. The LED comprises a light 
extraction region made of a rough Surface on the upper 
Surface of the p-type Semiconductor region, and a light 
reflection region having a collection of numerous microSur 
faces on the lower Surface of the n-type Semiconductor 
region, and another light extraction region made of a rough 
Surface on the curved Surface formed by mesa etching. 
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0008. The LED disclosed in Patent Document 2 has a 
light reflection region with a recessed portion of generally 
Spherical shape formed on the lower Surface of an AlGaAS 
Semiconductor Substrate having a p-n junction by photoli 
thography and etching. 

0009. However, the LED disclosed in Patent Document 1 
or 2 described above has a problem that, when the LED has 
a chip Size as large as, for example, 0.5 to 1 mm in order to 
obtain higher optical output, light emitted from the light 
emitting layer is Subjected to multiple reflections inside the 
LED and absorbed by the light emitting layer many times, 
which increases the proportion of Vanished light and pre 
vents accomplishment of a LED with higher optical output. 

SUMMARY OF THE INVENTION 

0010. According to an aspect of the invention, there is 
provided a Semiconductor light emitting device comprising: 
a transparent Substrate having a first major Surface and a 
Second major Surface, and being translucent to light in a first 
wavelength band; a light emitting layer Selectively provided 
in a first portion on the first major Surface of the transparent 
Substrate and configured to emit light in the first wavelength 
band; and a roughened region provided in a Second portion 
different from the first portion on the first major surface. 
0011. According to other aspect of the invention, there is 
provided a Semiconductor light emitting device comprising: 
a transparent Substrate having a first major Surface and a 
Second major Surface and being translucent to light in a first 
wavelength band; a light emitting layer provided on the first 
major Surface of the transparent Substrate and configured to 
emit light in the first wavelength band; a first electrode 
provided on the light emitting layer; a Second electrode 
provided on the Second major Surface of the transparent 
Substrate; and a first one groove provided on the Second 
major Surface of the transparent Substrate and extending 
from a first Side face to a Second Side face opposing the first 
Side face of the transparent Substrate. 
0012. According to other aspect of the invention, there is 
provided a Semiconductor light emitting apparatus compris 
ing: a packaging member having a mounting Surface; and a 
Semiconductor light emitting device having: a transparent 
Substrate having a first major Surface and a Second major 
Surface and being translucent to light in a first wavelength 
band; a light emitting layer provided on the first major 
Surface of the transparent Substrate and configured to emit 
light in the first wavelength band; a first electrode provided 
on the light emitting layer; a Second electrode provided on 
the Second major Surface of the transparent Substrate; and a 
first one groove provided on the Second major Surface of the 
transparent Substrate and extending from a first Side face to 
a Second Side face opposing the first Side face of the 
transparent Substrate, the Semiconductor light emitting 
device being mounted on the mounting Surface, with the 
Second major Surface facing the mounting Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 shows a semiconductor light emitting 
device according to a first embodiment of the invention, in 
particular, FIG. 1A is a plan view thereof, and FIG. 1B is 
a cross section along line A-A in FIG. 1A; 
0014 FIG. 2 illustrates the operation of the semiconduc 
tor light emitting device according to the first embodiment 
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of the invention, in particular, FIG. 2A is a croSS Section 
showing an optical path in the LED, and FIG. 2B shows an 
optical intensity distribution of the LED; 
0.015 FIG. 3 shows a light emitting layer formed on a 
GaAS Substrate in a process of manufacturing a Semicon 
ductor light emitting device according to the first embodi 
ment of the invention; 
0016 FIG. 4 shows the light emitting layer bonded to a 
transparent Substrate in the process of manufacturing a 
Semiconductor light emitting device according to the first 
embodiment of the invention; 
0017 FIGS.5A through 5D sequentially show a process 
of forming a rough Surface portion in the process of manu 
facturing a Semiconductor light emitting device according to 
the first embodiment of the invention; 
0018 FIGS. 6A and 6B show a process of scribing a 
wafer in the process of manufacturing a Semiconductor light 
emitting device according to the first embodiment of the 
invention; 
0.019 FIG. 7 is a cross section showing a semiconductor 
light emitting apparatus using a Semiconductor light emit 
ting device according to the first embodiment of the inven 
tion; 
0020 FIG. 8 shows a semiconductor light emitting 
device according to a Second embodiment of the invention, 
in particular, FIG. 8A is a plan view thereof, and FIG. 8B 
is a cross section along line B-B in FIG. 8A; 
0021 FIGS. 9A and 9B show a semiconductor light 
emitting device according to a third embodiment of the 
invention, in particular, FIG. 9A is a bottom view thereof, 
and FIG.9B is a cross section along line C-C in FIG. 9A; 
0022 FIG. 9C is a schematic perspective view showing 
the Semiconductor light emitting device mounted on the 
mounting Surface of a packaging member; 
0023 FIG. 9D is a side view showing that light L1 
emitted from the end portions of grooves 53, 54 is reflected 
on the reflecting Surface of the packaging member; 
0024 FIG. 9E is a cross section showing a semiconduc 
tor light emitting device having roughened regions 52P 
formed on the beveled Surfaces 52, 
0.025 FIG. 10A is a cross section illustrating a process of 
forming grooves having beveled Surfaces according to the 
third embodiment of the invention; 
0.026 FIG. 10B is a plan view illustrating a process of 
forming grooves having beveled Surfaces according to the 
third embodiment of the invention; 
0.027 FIG. 11 shows a semiconductor light emitting 
device according to a fourth embodiment of the invention, in 
particular, FIG. 11A is a bottom view thereof, and FIG. 11B 
is a cross section along line D-D in FIG. 11A; 
0028 FIG. 11C is a cross section showing a semicon 
ductor light emitting device having roughened regions 62P 
formed on the curved Surfaces 62; 
0029 FIG. 12 shows a semiconductor light emitting 
device according to a fifth embodiment of the invention, in 
particular, FIG. 12A is a plan view thereof, and FIG. 12B 
is a cross section along line E-E in FIG. 12A; and 
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0030 FIG. 12C is a cross section showing a semicon 
ductor light emitting device having roughened regions 52P 
formed on the beveled Surfaces 52. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0031) Embodiments of the invention will now be 
described with reference to the drawings. 

First Embodiment 

0032 FIG. 1 shows a semiconductor light emitting 
device according to a first embodiment of the invention. In 
particular, FIG. 1A is a plan view thereof, and FIG. 1B is 
a cross section cut along line A-A in FIG. 1A and viewed in 
the direction of the arrows. This embodiment is an example 
of a Semiconductor light emitting device comprising a light 
emitting layer of InCaAlP-based material directly bonded to 
a GaP transparent substrate without the use of adhesives. 
0033. As shown in FIG. 1, the semiconductor light 
emitting device 11 (hereinafter simply referred to as LED) of 
this embodiment comprises a transparent Substrate 12 being 
translucent to the emission wavelength, a light emitting 
layer 13 having a p-n junction formed at the center of a first 
major Surface of the transparent Substrate 12, a first electrode 
14 formed on the surface of the light emitting layer 13, a 
Second electrode 15 formed on a Second major Surface of the 
transparent Substrate 12 opposite to the first major Surface of 
the transparent Substrate 12, and a roughened region 16 
formed on the periphery of the first major Surface Surround 
ing the light emitting layer 13. 
0034) Next, the operation of the LED 11 will be described 
in detail with reference to the drawings. FIG. 2A schemati 
cally shows an optical path of light emitted from the light 
emitting layer 13, reflected on the Second major Surface of 
the transparent Substrate 12, and radiated outside from the 
first major Surface Side, as compared to the conventional 
LED. The right side, R., of the center line “a” is a cross 
section showing the optical path in the LED 11, and the left 
Side, L, is a croSS Section showing the optical path in the 
conventional LED. FIG. 2B Schematically shows a horizon 
tal optical intensity distribution of the LED 11 as compared 
to the conventional LED. The right side, R, of the center O 
shows the optical intensity distribution of the LED 11, and 
the left side, L, shows the optical intensity distribution of the 
conventional LED. 

0035). As shown in FIG. 2A, light “b', emitted from the 
light emitting layer 13 downward into the transparent Sub 
Strate 12, reflected on the Second major Surface of the 
transparent Substrate 12, and reaching the roughened region 
16 without passing through the light emitting layer 13, is 
mostly extracted outside the transparent Substrate 12 without 
being reflected back toward the Second major Surface Side. 
0036. On the other hand, in the conventional LED, light 
“c”, emitted from the light emitting layer 13 downward into 
the transparent Substrate 12 and reflected on the Second 
major Surface of the transparent Substrate 12, passes through 
the light emitting layer 13. While part of the light is 
extracted outside the transparent Substrate 12, most of the 
light is reflected on the upper Surface of the light emitting 
layer 13, passes through the light emitting layer 13 again, 
and experiences multiple reflections. 
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0037. That is, while the light “b” in the LED 11 experi 
ences a single occurrence of absorption by the light emitting 
layer, the light “c” in the conventional LED experiences at 
least three occurrences of absorption. 
0038. As shown in FIG. 2B, since current flowing 
through the light emitting layer 13 is generally attenuated as 
a function of the distance from the first electrode 14, the 
optical output is decreased with the distance from the first 
electrode 14. For this reason, as the chip Size becomes larger, 
the conventional LED is more likely to exhibit an optical 
intensity distribution “d” having an optical output sharply 
decreased on the periphery of the transparent Substrate 12. 
0039. On the other hand, in the LED 11, the light emitting 
layer 13 is not formed on the periphery of the transparent 
Substrate 12 where otherwise absorption of passing light is 
greater in proportion than light emission. Therefore the 
proportion of emitted light absorbed by the light emitting 
layer 13 can be reduced. 
0040. As a result, an optical intensity distribution “e” can 
be obtained, which has a Smaller decrease of optical output 
on the periphery of the transparent Substrate 12. This can 
enhance the optical output by an amount indicated by the 
hatched portion “f”. 
0041 According to experiments, the optical output was 
enhanced when the ratio of the area, S2, of the light emitting 
layer 13 to the area, S1, of the transparent substrate 12 is 
about 0.6 to 0.9. Since the optical output is decreased as the 
ratio deviates from this range, it is appropriate and prefer 
able that the ratio of the area S2 of the light emitting layer 
13 to the area S1 of the transparent substrate 12 be in the 
range of about 0.6 to 0.9. 

0042. This is because, when the ratio of the area S2 of the 
light emitting layer 13 to the chip area S1 is smaller than 0.6, 
the amount of light emission itself from the light emitting 
layer 13 is decreased, which results in insufficient optical 
output. On the other hand, when the ratio is greater than 0.9, 
the proportion of light from the light emitting layer 13 
absorbed by the light emitting layer 13 is not significantly 
different from the conventional case. 

0.043 Advantageously, in order to prevent light reflec 
tion, irregularities in the roughened region 16 have an 
average bottom length of about 0.1 to 3 tim, and an average 
height equal to or greater than 0.5 times the bottom length. 
Since the optical output is decreased with deviation from 
this range, it is appropriate and preferable that the irregu 
larities have an average bottom length of about 0.1 to 3 um, 
and an average height of about 0.5 times the bottom length. 
That is, it is desirable that the average height of irregularities 
be about 0.05 to 1.5um. 
0044) This is because a surface of irregularities less than 
about a fraction of the wavelength of light is Substantially 
identical to a mirror Surface, and a Surface of irregularities 
greater than Several times the wavelength of light is not 
favorable to diffuse reflection of light, in view of the fact that 
light is diffusely reflected on the irregular Surface and 
contributes to enhancing the efficiency of light extraction 
from the transparent Substrate 12. 

0.045. In addition, it is more preferable that the area of the 
first electrode 14 be minimized as long as the connecting 
conductor Such as gold wiring can be connected. 
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0046. In the LED 11 configured as described above, a 
light emitting layer 13 having a p-n junction is formed at the 
center of the first major Surface of the transparent Substrate 
12, and the periphery Surrounding the light emitting layer 13 
is roughened. Therefore a larger proportion of light reflected 
on the Second major Surface of the transparent Substrate 12 
is extracted outside from the roughened region 16 without 
being absorbed by the light emitting layer 13, which enables 
to achieve Sufficient optical output. 
0047 Next, description will be made on a LED compris 
ing a transparent Substrate 12 of GaP and a light emitting 
layer 13 made of InCaAlP-based material, and a specific 
example of manufacturing a Semiconductor light emitting 
apparatus using this LED. 

0048 FIGS. 3 to 6 illustrate a process of manufacturing 
the LED 11. FIG. 3 is a cross section showing a light 
emitting layer made of InCaAlP-based material formed on a 
GaAS Substrate. FIG. 4 is a croSS Section showing a light 
emitting layer made of InCaAlP-based material bonded to a 
GaP substrate. FIG. 5 sequentially shows a process of 
forming a roughened region on the LED on which electrodes 
have been formed. FIG. 6 shows a process of dividing a 
wafer having LEDs formed thereon into chips. 

0049. As shown in FIG. 3, on an n-GaAs substrate 21 
having a thickness of 250 lum, an n-GaAs buffer layer 22 
having a thickness of 0.5um is formed by MOCVD method. 
Subsequently, an InGaP etching Stop layer 23 having a 
thickness of 0.2 um, an n-GaAS contact layer 24 having a 
thickness of 0.1 um, an n-InAlP cladding layer 25 having a 
thickness of 1 tim, an InCaAlPMOW active layer 26 having 
a thickness of 1 tim, a p-InAlP cladding layer 27 having a 
thickness of 1 tim, and a p-InGaP bonding layer 28 having 
a thickness of 0.05 um are Sequentially Stacked. 
0050 Here, the active layer 26 is not limited to the 
multiple quantum well (MOW) structure, but can also be 
configured as a single heterostructure (SH), double hetero 
structure (DH), or quantum well heterostructure (QWH). 
0051) Next, as shown in FIG. 4, the p-InCaP bonding 
layer 28 is brought into intimate contact with the first major 
Surface of the p-GaP transparent Substrate 12, and Subjected 
to heat treatment at 800 C., for example. 

0.052 Next, the GaAs substrate 21 and the GaAs buffer 
layer 22 are Selectively etched away using ammonia-based 
etchant. Furthermore, the InGaP etching stop layer 23 is 
Selectively etched away by hydrochloric acid. 

0053. In this way, the p-InCaP bonding layer 28 is 
coupled to the p-GaP transparent Substrate 12 at an atomic 
level to obtain a LED comprising a light emitting layer 13 
directly bonded to the transparent substrate 12 without the 
use of translucent adhesives (insulator). 
0054) Next, as shown in FIG.5A, the surface of the light 
emitting layer 13 is patterned with first electrodes 14 pri 
marily composed of AuGe. A Second electrode 15 primarily 
composed of Au Zn is then formed on the Second major 
surface of the p-GaP transparent substrate 12. 

0055) Next, as shown in FIG. 5B, a resist film 31 is 
formed on the light emitting layer 13. Then, as shown in 
FIG. 5C, the resist film 31 is used as a mask to selectively 
etch away the light emitting layer 13 by, for example, 
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hydrochloric acid at room temperature for 30 Seconds, to 
expose the first major Surface of the p-GaP transparent 
Substrate 12. 

0056) Next, as shown in FIG. 5D, the p-GaP transparent 
Substrate 12 is etched by, for example, hydrofluoric acid at 
room temperature for 20 minutes, to form a roughened 
region 16 on the periphery of the first major Surface of the 
p-GaP transparent Substrate 12 So that the roughened region 
16 Surrounds the light emitting layer 13, irregularities in the 
roughened region 16 having an average bottom length of 1 
to 3 tim, and an average height Substantially equal to the 
bottom length. 
0057 Next, as shown in FIG. 6, the wafer 32 having 
LEDs formed thereon is divided into chips by using a scriber 
(not shown) to scribe the transparent substrate 12 from the 
second electrode 15 side with a diamond pen33. This results 
in completion of the LED 11 shown in FIG. 1, in which a 
light emitting layer 13 is located at the center of the 
transparent Substrate 12 and a roughened region 16 Sur 
rounding the light emitting layer 13 is located on the 
periphery of the transparent Substrate 12. 
0.058 FIG. 7 is a cross section showing a semiconductor 
light emitting apparatus using the LED 11 shown in FIG. 1. 
As shown in FIG. 7, the LED 11 is mounted in a reflecting 
cup 35 formed on a lead frame 34a so that the light emitting 
layer Serves as a light emitting observed Surface. The Second 
electrode is fixed to the bottom of the reflecting cup 35 with 
a conductive adhesive. The first electrode is connected to a 
lead frame 34b with gold wiring 36. 
0059 Finally, a semiconductor light emitting apparatus 
38 is obtained by being molded with transparent resin 37. 
The optical output of this Semiconductor light emitting 
apparatus 38 is enhanced 30% or more as compared to 
Semiconductor light emitting apparatus using a LED of 
conventional Structure. 

0060 AS described above, according to this embodiment, 
the proportion of light from the light emitting layer absorbed 
by the light emitting layer is reduced, which enables to 
achieve a Semiconductor light emitting device having Suf 
ficient optical output. Therefore a Semiconductor light emit 
ting apparatus having high optical output can be provided. 
0061 The foregoing has described a light emitting layer 
13 of rectangular shape and a first electrode 14 of circular 
shape. However, both the light emitting layer 13 and the first 
electrode 14 may be of rectangular shape, or of circular 
shape. If the light emitting layer 13 is similar to the first 
electrode 14, the distance from the first electrode 14 to the 
edge of the light emitting layer 13 remains generally con 
Stant. This provides an advantage of equalizing the in-plane 
distribution of optical output of the LED 11. 
0.062. In addition, the semiconductor light emitting appa 
ratus of the invention is not limited to those using a lead 
frame, but includes various types Such as a Surface mounting 
device (SMD) type in which a semiconductor light emitting 
device is mounted on a packaging board, and a stem type in 
which a Semiconductor light emitting device is mounted on 
a Stem. 

Second Embodiment 

0.063 FIG. 8 shows a semiconductor light emitting 
device according to a Second embodiment of the invention. 
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In particular, FIG. 8A is a plan view thereof, and FIG. 8B 
is a cross section cut along line B-B in FIG. 8A and viewed 
in the direction of the arrows. In this embodiment, like 
components as in the first embodiment are marked with like 
reference numerals and will not be described further. 

0064. The second embodiment is different from the first 
embodiment in that a light emitting layer is formed on each 
of the center and periphery of the first major Surface of the 
transparent Substrate and that a roughened region is formed 
between the light emitting layers of the center and the 
periphery. 

0065) More specifically, as shown in FIG. 8, the LED 41 
of this embodiment comprises a circular light emitting layer 
42a formed at the center of a first major surface of the 
transparent Substrate 12, a rectangular light emitting layer 
42b formed at the periphery, and a roughened region 43 
formed between the light emitting layers 42a and 42b 
Surrounding the light emitting layer 42a. 

0066. A circular first electrode 14 is formed on the light 
emitting layer 42a. A rectangular first electrode 44 is formed 
on the light emitting layer 42b. The first electrode 14 is 
electrically connected to the first electrode 44 via wiring 45. 

0067. The roughened region 43 is made by, for example, 
treating the surface of the GaP transparent Substrate 12 with 
inductive coupled plasma (ICP) in an Ar/Cl gas atmo 
sphere, followed by immersion into hydrochloric acid. Pro 
trusions of rectangular pyramid shape are formed in the 
roughened region 43, where the irregularities have an aver 
age bottom length of 0.5 to 2 um and an average height 
Substantially equal to the bottom length. 

0068. In the LED 41 configured as described above, a 
region between the light emitting layerS 42a and 42b formed 
at the center and the periphery, respectively, of the first 
major Surface of the transparent Substrate 12 is roughened So 
that the region Surrounds the light emitting layer 42a. 
Therefore a larger proportion of light reflected on the Second 
major Surface of the transparent Substrate 12 is extracted 
outside from the roughened region 43 without being 
absorbed by the light emitting layers 42a and 42b, which 
enables to achieve Sufficient optical output. 

0069. As described above, according to this embodiment, 
the periphery is also provided with a light emitting layer 
42b, which provides an advantage that the in-plane distri 
bution of optical output of the LED 41 can be further 
equalized. 

Third Embodiment 

0070 FIGS. 9A and 9B show a semiconductor light 
emitting device according to a third embodiment of the 
invention. In particular, FIG. 9A is a bottom view thereof, 
and FIG.9B is a cross section cut along line C-C in FIG. 
9A and viewed in the direction of the arrows. In this 
embodiment, like components as in the first embodiment are 
marked with like reference numerals and will not be 
described further. 

0071. As shown in FIGS. 9A and 9B, the LED 51 of this 
embodiment comprises grooves 53, 54 extending from one 
Side to the other opposing Side of the transparent Substrate 
12. Each of the grooves 53, 54 has beveled surfaces 52 on 
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the Second major Surface of the transparent Substrate 12 
diverging from the first major Surface Side toward the Second 
major Surface Side. 
0072 The grooves 53 and 54 intersect with each other at 
a generally right angle at the center of the transparent 
Substrate 12. Second electrodes 55 are formed on the 
remaining Second major Surface where the grooves 53, 54 
are not formed. 

0073. In the LED 51 configured as described above, a 
larger proportion of light emitted from the light emitting 
layer 13 toward the Second major Surface of the transparent 
Substrate 12 can have an incident angle below the critical 
angle. This results in reducing the proportion of light being 
Subjected to multiple reflections on the Second major Surface 
of the transparent substrate 12 and absorbed by the light 
emitting layer 13. The proportion of light extracted from the 
beveled Surfaces 52 is thus increased. 

0074 Therefore the light extracted from the beveled 
Surfaces 52 is repeatedly reflected on the mounting Surface 
of the packaging member Such as a reflecting cup (not 
shown) of a lead frame and on the beveled surfaces 52. Part 
of the reflected light can be extracted outside from the end 
portions of the grooves 53, 54. 
0075 FIG. 9C is a schematic perspective view showing 
the Semiconductor light emitting device mounted on the 
mounting Surface of a packaging member. 
0.076 More specifically, the semiconductor light emitting 
device 51 of this embodiment is mounted on the mounting 
surface 35P such as the bottom of the reflecting cup of a lead 
frame, with the grooves 53, 54 of the semiconductor light 
emitting device 51 facing down. Light L1 emitted from the 
light emitting layer via the beveled surfaces 52 of the 
grooves 53, 54 toward the mounting surface 35P is repeat 
edly reflected between the mounting surface 35P and the 
beveled Surfaces 52 and radiated outside from the end 
portions of the grooves 53, 54 as shown in the figure. That 
is, the grooves 53, 54 serve as waveguides for emitting the 
light L1 from the side faces. 
0077 FIG. 9D is a side view showing that light L1 
emitted from the end portions of grooves 53, 54 is reflected 
on the reflecting Surface of the packaging member. 
0078 More specifically, the light L1 emitted from the end 
portions of grooves 53, 54 is reflected on the reflecting 
surface 35R such as the reflecting cup 35 of a lead frame, 
and extracted upward. As a result, the light extraction 
efficiency can be further enhanced. 
0079 Returning again to FIGS. 9A and 9B, the angle 0 
between the beveled Surface 52 and the normal to the 
transparent Substrate 12 is preferably Selected to be in the 
vicinity of about 27 degrees (critical angle) when the trans 
parent substrate 12 is made of GaP and molded with 
transparent resin composed of epoxy resin, because their 
refractive index for red light is 3.3 and 1.5, respectively. In 
general, a Suitable angle is in the range of about 20 to 40 
degrees. 

0080. In addition, as the area of the beveled surface 52 
increases, the amount of light having an incident angle 
below the critical angle increases. It is thus desirable to 
increase the area as long as the mechanical Strength of the 
LED 51 is not compromised. 
0081) Moreover, as shown in FIG. 9E, roughened 
regions 52P provided on the beveled surfaces 52 can further 
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enhance the light extraction efficiency. More specifically, 
when the beveled surfaces 52 are provided thereon with 
roughened regions 52P made of irregularities Similar to 
those described with reference to the first and second 
embodiments, the light extraction efficiency via the beveled 
Surfaces 52 can be enhanced, and thus a Stronger light L1 can 
be extracted from the end portions of the grooves 53, 54 
Served as waveguides. 
0082 Amethod of manufacturing the foregoing LED will 
now be described with reference to FIG. 10. FIG. 10 is a 
croSS Section illustrating a process of forming grooves 53, 54 
having beveled Surfaces 52 on a wafer having numerous 
LEDs formed thereon. 

0083. As shown in FIG. 10A, a wafer 57 having LEDs 
formed thereon is stuck to a dicing sheet (not shown) with 
second electrodes 55 of the wafer 57 facing up. A dicing 
blade 58 having a V-shaped cross section is used to half-dice 
the wafer 57 from the second electrode 55 side at a prede 
termined pitch. 
0084) Next, the wafer 57 is rotated by 90 degrees and 
half-diced in a direction orthogonal to the dicing grooves 
from the second electrode 55 side at a predetermined pitch. 
0085 FIG. 10B is a bottom view showing part of the 
wafer 57 having arrays of V-shaped grooves that have been 
cut as described above. 

0086) Next, the half-diced V-shaped grooves 53, 54 are 
etched by, for example, mixture of hydrochloric acid and 
hydrogen peroxide Solution, to remove any grinding damage 
layer due to dicing. The wafer 57 is then divided into chips 
to obtain the LED 51 shown in FIG. 9. 

0087 Subsequently, as in FIG. 7, the LED 51 is fixed to 
the reflecting cup 35 of a lead frame 34a using, for example, 
eutectic mounting with gold-tin alloy, to obtain a Semicon 
ductor light emitting apparatus. 
0088 As described above, according to this embodiment, 
light emitted from the light emitting layer toward the Second 
major Surface is extracted outside from the beveled Surfaces 
52 formed on the second major surface. This reduces the 
proportion of light Subjected to multiple reflections on the 
Second major Surface and the upper Surface of the light 
emitting layer 13 and absorbed by the light emitting layer 
13, which results in a Semiconductor light emitting device 
having Sufficient optical output. Therefore a Semiconductor 
light emitting apparatus having high optical output can be 
provided. 

0089 Moreover, the rectangular cross section of the 
transparent Substrate 12 contributes to more uniform StreSS 
due to molded resin as compared to a LED having a 
trapezoidal croSS Section. This provides an advantage of 
preventing occurrence of failures Such as chip lifting and 
cracking, and enhancing reliability. In addition, chip han 
dling is facilitated. 
0090 The foregoing has described the case where the 
beveled Surfaces 52 are diced and then etched. However, as 
illustrated in FIG. 9E, roughened regions 52P can be further 
formed on the beveled surfaces 52. The roughened regions 
52P can be formed by the method described above with 
reference to the first or Second embodiment. 

Fourth Embodiment 

0091 FIGS. 11A and 11B show a semiconductor light 
emitting device according to a fourth embodiment of the 
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invention. In particular, FIG. 11A is a bottom view thereof, 
and FIG. 11B is a cross section cut along line D-D in FIG. 
11A and viewed in the direction of the arrows. In this 
embodiment, like components as in the first embodiment are 
marked with like reference numerals and will not be 
described further. 

0092. The fourth embodiment is different from the third 
embodiment in that grooves having a curved Surface are 
formed on the Second major Surface of the transparent 
Substrate, with the curved Surface being opened from the 
first major Surface Side toward the Second major Surface side 
and being curved toward the first major Surface Side. 
0093 More specifically, as shown in FIGS. 11A and 
11B, the LED 61 of this embodiment comprises grooves 63, 
64 having a curved Surface 62 and extending from one side 
to the other opposing Side of the transparent Substrate 12, 
where the grooves 63, 64 are provided on the second major 
Surface of the transparent Substrate 12, and the curved 
Surface 62 is opened from the first major Surface Side toward 
the Second major Surface Side and curved toward the first 
major Surface Side. 
0094. The grooves 63 and 64 intersect with each other at 
a generally right angle at the center of the transparent 
Substrate 12, and have a groove width diverging from the 
center toward the side faces. Second electrodes 65 are 
formed on the remaining Second major Surface of the 
transparent substrate 12 where the grooves 63, 64 are not 
formed. 

0.095 Light extracted from the curved surface 62 of the 
grooves 63, 64 having a groove width diverging from the 
center toward the Side faces is repeatedly reflected on the 
bottom Surface of the reflecting cup (not shown) and on the 
curved Surface 62 as it travels toward the side face. Thus the 
grooves 63, 64 serve as waveguides as in the third embodi 
ment, and can further increase the proportion of light 
extracted outside from the Side faces. 

0096. The grooves 63, 64 having a curved surface and a 
diverging groove width can be formed by, for example, 
using a resist film as a mask and etching by mixture of 
hydrochloric acid and hydrogen peroxide Solution. 

0097 As described above, the LED 61 includes grooves 
63, 64 on the Second major Surface of the transparent 
substrate 12, with grooves 63, 64 having a groove width 
diverging from the center toward the Side faces. As a result, 
the optical output extracted from the Side faces can be 
further increased. 

0098. Moreover, as shown in FIG. 11C, roughened 
regions 62P provided on the curved surface 62 of the 
grooves 63, 64 can further enhance the light extraction 
efficiency. More specifically, when the curved surface 62 is 
provided thereon with roughened regions 62P as described 
with reference to the first and Second embodiments, the light 
extraction efficiency via the curved Surface 62 can be 
enhanced. As a result, the intensity of light extracted outside 
from the end portions of the grooves 63, 64 can be increased. 

Fifth Embodiment 

0099 FIG. 12 shows a semiconductor light emitting 
device according to a fifth embodiment of the invention. In 
particular, FIG. 12A is a plan view thereof, and FIG. 12B 
is a cross section cut along line E-E in FIG. 12A and viewed 
in the direction of the arrows. In this embodiment, like 
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components as in the first embodiment are marked with like 
reference numerals and will not be described further. 

0100. The fifth embodiment is different from the third 
embodiment in including both a roughened region formed 
on the first major Surface of the transparent Substrate where 
the light emitting layer is not formed, and grooves having 
beveled Surfaces on the Second major Surface diverging from 
the first major Surface Side toward the Second major Surface 
Side. 

0101 More specifically, as shown in FIG. 12, the LED 
71 of this embodiment comprises a transparent substrate 12 
being translucent to the emission wavelength, a light emit 
ting layer 13 having a p-n junction formed at the center of 
a first major Surface of the transparent Substrate 12, a first 
electrode 14 formed on the Surface of the light emitting layer 
13, and a roughened region 16 formed on the periphery of 
the first major Surface Surrounding the light emitting layer 
13. 

0102) Moreover, the LED 71 comprises grooves 53, 54 
formed on a Second major Surface opposing a first major 
Surface of the transparent Substrate 12 and extending from 
one Side to the other opposing Side of the transparent 
substrate 12. Each of the grooves 53, 54 has beveled surfaces 
52 on the Second major Surface of the transparent Substrate 
12 diverging from the first major Surface Side toward the 
second major surface side. A second electrode 55 is formed 
on the part of the Second major Surface where the grooves 
53, 54 are not formed. The grooves 53, 54 serves as 
waveguides as described above with reference to the third 
embodiment to enhance the light extraction efficiency. 
0103) As described above, according to this embodiment, 
light can be extracted from both the roughened region 16 and 
the grooves 53, 54, which enable to achieve a semiconductor 
light emitting device having higher optical output. 

0104. As shown in FIG. 12C, also in this embodiment, 
roughened regions 52P provided on the beveled surfaces 52 
of the grooves 53, 54 can further enhance the light extraction 
efficiency. That is, as described above with reference to the 
third embodiment, roughened regions 52P formed on the 
beveled surfaces 52 can enhance the efficiency of light 
extraction from the beveled Surfaces 52. As a result, the 
intensity of light extracted outside from the end portions of 
the grooves 53, 54 can be increased. 
0105 The above embodiments are described with refer 
ence to a GaP transparent substrate and an InCaAlP light 
emitting layer. However, the invention is not limited thereto. 
Any Substrate transparent to the emission wavelength may 
be used without particular limitation. For example, the 
invention is also applicable to a blue LED using a Sapphire 
Substrate and an infrared LED using a GaAS Substrate. 
0106 Furthermore, it is to be understood that the rough 
ened region may be formed on a portion of the Surface of the 
light emitting layer where the first electrode is not formed, 
or on the Side face of the transparent Substrate. 
0107 While the present invention has been disclosed in 
terms of the embodiment in order to facilitate better under 
Standing thereof, it should be appreciated that the invention 
can be embodied in various ways without departing from the 
principle of the invention. Therefore, the invention should 
be understood to include all possible embodiments and 
modification to the shown embodiments which can be 
embodied without departing from the principle of the inven 
tion as Set forth in the appended claims. 
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1. A Semiconductor light emitting device comprising: 
a transparent Substrate having a first major Surface and a 

Second major Surface, and being translucent to light in 
a first wavelength band; 

a light emitting layer Selectively provided in a first portion 
on the first major Surface of the transparent Substrate 
and configured to emit light in the first wavelength 
band; and 

a roughened region provided in a Second portion different 
from the first portion on the first major Surface. 

2. A Semiconductor light emitting device according to 
claim 1, wherein 

the first portion is a center portion on the first major 
Surface, and 

the Second portion is a periphery portion Surrounding the 
first portion on the first major Surface. 

3. A Semiconductor light emitting device according to 
claim 1, wherein 

the first portion includes a center portion on the first major 
Surface and a periphery portion distantly Surrounding 
the center portion, part of the periphery portion being 
connected to the center portion, and 

the Second portion is a portion located between the center 
portion and the periphery portion. 

4. A Semiconductor light emitting device according to 
claim 1, wherein irregularities constituting the roughened 
region has an average bottom length of 0.1 to 3 micrometers. 

5. A Semiconductor light emitting device according to 
claim 1, wherein irregularities constituting the roughened 
region has an average height of 0.05 to 1.5 micrometers. 

6. A Semiconductor light emitting device according to 
claim 1, wherein the first portion has an area of 0.6 to 0.9 
times the area of the first major Surface. 

7. A Semiconductor light emitting device according to 
claim 1, wherein 

the transparent Substrate is made of GaP, and 
the light emitting layer is made of InCaAlP-based com 
pound Semiconductor. 

8. A Semiconductor light emitting device comprising: 
a transparent Substrate having a first major Surface and a 

Second major Surface and being translucent to light in 
a first wavelength band; 

a light emitting layer provided on the first major Surface 
of the transparent Substrate and configured to emit light 
in the first wavelength band; 

a first electrode provided on the light emitting layer; 
a Second electrode provided on the Second major Surface 

of the transparent Substrate: and 
a first groove provided on the Second major Surface of the 

transparent Substrate and extending from a first Side 
face to a Second Side face opposing the first Side face of 
the transparent Substrate. 

9. A Semiconductor light emitting device according to 
claim 8, wherein the first groove has a first beveled surface 
and a Second beveled Surface, each beveled Surface being 
oblique with respect to the Second major Surface. 
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10. A Semiconductor light emitting device according to 
claim 8, wherein the first groove has a curved Surface. 

11. A Semiconductor light emitting device according to 
claim 8, wherein at least part of an inner wall of the first 
groove is provided with one or more roughened regions. 

12. A Semiconductor light emitting device according to 
claim 8, wherein a Second groove is formed on the Second 
major Surface of the transparent Substrate, the Second groove 
interSecting with the first groove at a Substantially right 
angle. 

13. A Semiconductor light emitting device according to 
claim 8, wherein width of the first groove becomes wider 
from a center thereof toward the first and Second Side faces. 

14. A Semiconductor light emitting device according to 
claim 8, wherein 

the first major Surface has a first portion and a Second 
portion, 

the light emitting layer is provided on the first portion, and 
a roughened region is provided on the Second portion. 
15. A Semiconductor light emitting device according to 

claim 14, wherein irregularities constituting the roughened 
region has an average bottom length of 0.1 to 3 micrometers. 

16. A Semiconductor light emitting device according to 
claim 14, wherein irregularities constituting the roughened 
region has an average height of 0.05 to 1.5 micrometers. 

17. A Semiconductor light emitting device according to 
claim 8, wherein 

the transparent Substrate is made of GaP, and 
the light emitting layer is made of InCaAlP-based com 

pound Semiconductor. 
18. A Semiconductor light emitting apparatus comprising: 
a packaging member having a mounting Surface; and 
a Semiconductor light emitting device having: 

a transparent Substrate having a first major Surface and 
a Second major Surface and being translucent to light 
in a first wavelength band; 

a light emitting layer provided on the first major Surface 
of the transparent Substrate and configured to emit 
light in the first wavelength band; 

a first electrode provided on the light emitting layer; 
a Second electrode provided on the Second major Sur 

face of the transparent Substrate; and 
at least one groove provided on the Second major 

Surface of the transparent Substrate and extending 
from a first Side face to a Second Side face opposing 
the first Side face of the transparent Substrate, 

the Semiconductor light emitting device being mounted 
on the mounting Surface, with the Second major Surface 
facing the mounting Surface. 

19. A Semiconductor light emitting apparatus according to 
claim 18, wherein the packaging member has a light reflect 
ing Surface facing the first and Second Side faces. 

20. A Semiconductor light emitting apparatus according to 
claim 18, wherein at least part of an inner wall of the groove 
is provided with one or more roughened regions. 
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