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(57) ABSTRACT 

A ?rst semiconductor light emitting device comprises: a 
transparent substrate; a light emitting layer; and a roughened 
region. The transparent substrate has a ?rst major surface 
and a second major surface, and is translucent to light in a 
?rst Wavelength band. The light emitting layer is selectively 
provided in a ?rst portion on the ?rst major surface of the 
transparent substrate and con?gured to emit light in the ?rst 
Wavelength band. The roughened region is provided in a 
second portion different from the ?rst portion on the ?rst 
major surface. Asecond semiconductor light emitting device 
comprises: a transparent substrate; a light emitting layer; a 
?rst electrode; and at least one groove. The groove is 
provided on the second major surface of the transparent 
substrate and is extending from a ?rst side face to a second 
side face opposing the ?rst side face of the transparent 
substrate. 
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FIG. 9C 
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SEMICONDUCTOR LIGHT EMITTING DEVICE 
AND SEMICONDUCTOR LIGHT EMITTING 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2004-146231, ?led 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 con?gured 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 re?ected, subjected to 
multiple re?ections inside the LED, and ?nally 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 9-92878 
(1997), page 4, FIG. 1 (hereinafter referred to as Patent 
Document 

[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 
re?ection 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. 

Nov. 17, 2005 

[0008] The LED disclosed in Patent Document 2 has a 
light re?ection 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 re?ections 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 ?rst major surface and a 
second major surface, and being translucent to light in a ?rst 
Wavelength band; a light emitting layer selectively provided 
in a ?rst portion on the ?rst major surface of the transparent 
substrate and con?gured to emit light in the ?rst Wavelength 
band; and a roughened region provided in a second portion 
different from the ?rst portion on the ?rst major surface. 

[0011] According to other aspect of the invention, there is 
provided a semiconductor light emitting device comprising: 
a transparent substrate having a ?rst major surface and a 
second major surface and being translucent to light in a ?rst 
Wavelength band; a light emitting layer provided on the ?rst 
major surface of the transparent substrate and con?gured to 
emit light in the ?rst Wavelength band; a ?rst electrode 
provided on the light emitting layer; a second electrode 
provided on the second major surface of the transparent 
substrate; and a ?rst one groove provided on the second 
major surface of the transparent substrate and extending 
from a ?rst side face to a second side face opposing the ?rst 
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 ?rst major surface and a second major 
surface and being translucent to light in a ?rst Wavelength 
band; a light emitting layer provided on the ?rst major 
surface of the transparent substrate and con?gured to emit 
light in the ?rst Wavelength band; a ?rst electrode provided 
on the light emitting layer; a second electrode provided on 
the second major surface of the transparent substrate; and a 
?rst one groove provided on the second major surface of the 
transparent substrate and extending from a ?rst side face to 
a second side face opposing the ?rst 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 ?rst 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 ?rst 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; 

[0015] 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 ?rst 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 ?rst 
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 ?rst 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 ?rst embodiment of the 
invention; 
[0019] FIG. 7 is a cross section shoWing a semiconductor 
light emitting apparatus using a semiconductor light emit 
ting device according to the ?rst 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 re?ected 
on the re?ecting 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; 

[0025] FIG. 10A is a cross section illustrating a process of 
forming grooves having beveled surfaces according to the 
third embodiment of the invention; 

[0026] FIG. 10B is a plan vieW illustrating a process of 
forming grooves having beveled surfaces according to the 
third embodiment of the invention; 

[0027] 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 ?fth 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 ?rst 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 InGaAlP-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 ?rst 
major surface of the transparent substrate 12, a ?rst 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 ?rst major surface of 
the transparent substrate 12, and a roughened region 16 
formed on the periphery of the ?rst 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, re?ected on the second major surface of 
the transparent substrate 12, and radiated outside from the 
?rst 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, re?ected 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 re?ected 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 re?ected 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 re?ected on the upper surface of the light emitting 
layer 13, passes through the light emitting layer 13 again, 
and experiences multiple re?ections. 












