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SEMICONDUCTOR LIGHT EMITTING
ELEMENT

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

Movre than one reissue application of U.S. Pat. No.

8,120,057 has been filed. This application 1s a Reissue of

U.S. application Ser. No. 13/155,045, filed on Jun. 7, 2011,
now U.S. Pat. No. 8,120,057, and this application is also a
Continuation of U.S. application Ser. No. 16/376,587, filed
Apr. 5, 2019, which is a Reissue of U.S. application Ser. No.
13/155,045, filed on Jun. 7, 2011, now U.S. Pat. No. 8,120,
057 which issued on Feb. 21, 2012, which is a Continuation
of U.S. application Ser. No. 12/068,019, filed on Jan. 31,
2008, now U.S. Pat. No. 7,982,236, which issued on Jul. 19,
2011, and for which priority 1s claimed under 35 USC § 120,
and which claims foreign prionty to Japanese Application
No. 2007-023568 [filed in Japan], filed on Feb. 1, 2007, and
Japanese Application No. 2007-044801 [filed in Japan],

filed on Feb. 25, 2007. The entire contents of all of the above
applications are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to light emitting elements of
a semiconductor, 1n particular, to an electrode structure of
the light emitting element.

The light emitting element using a nitride semiconductor
emits light 1n near-ultraviolet ray to red region due to the
wide band gap characteristics thereol, and thus various
researches are being carried out. A general basic structure of
the nitride semiconductor light emitting element has a
structure 1n which an n-type nitride semiconductor, an active
layer, a p-type nitride semiconductor are stacked on a
substrate, where each electrode 1s arranged 1n a p-layer and
a partially exposed n-type layer, and research 1s being
carried out on the light emitting structure including the
clectrode structure. In particular, various light emitting
structures as well as electrode structures are being proposed
in an aim of achieving high output.

Conventional proposals include,

(1) using a transparent electrode such as ITO for the p
clectrode arranged on the light emitting structure, arranging
a current blocking part of an insulating film at one part, and
selectively light emitting the transparent electrode part as
disclosed JP-HO8-250769A, IJP-H09-129921A, WO98-
42030A, JP-H10-173224A;

(2) other structure for separating an external connecting
part and a light emitting part as disclosed i JP-2003-
124517A; and

(3) a structure of arranging and overlapping a metal
layer/retlection layer partially on the upper layer such as 1n
JP-2003-12451°7A, or entirely on the upper layer such as 1n
JP-2005-197289A, 1P-2004-179347A, JP-2005-317931A
for an electrode double-layer structure of n electrode and the
like.

According to the conventional structure, in the structure
of retrieving light 1n a region of transparent electrode, 1n
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particular, the sheet resistance of such electrode becomes
high, where 1n such structure, an element resistance becomes

high when adding a structure of selective light emitting/
partial current blockmg part, and light loss 1n a selective
light emitting/current injecting part tends to increase, and
turthermore, wall-plug etliciency (W.P.E) tends to lower. In
application and general use to illumination application etc.
of the semiconductor light emitting element, enhancement 1n
high mass productivity, lower cost, light output, and power
elliciency becomes necessary. In particular, power efliciency
1s sometimes a diflicult demand since the element resistance
such as V1 needs to be reduced, and light emitting charac-
teristics and light retrieving efliciency must be enhanced.

In a conventional proposal from a different standpoint, the
n electrode arranged 1n the n-type layer includes,

(1) using a transparent electrode such as I'TO as disclosed
in JP-2003-060236A, JP-2005-317931A; and

(2) a structure of overlapping and arranging a metal
layer/retlection layer partially or entirely on the upper sur-
face as disclosed 1n JP-2001-102631A, JP-2003-133590A,
JP-2004-179347A, and JP-2005-317931.

Another further proposal includes suppressing the light

shielding effect by lowering the height of the n electrode 1n
JP-2001-102631A, enhancing the retlection effect by inclin-

ing the side surface of the n electrode 1n JP-2004-128321A,
and the like with respect to the light emission from the active
layer.

Here, the notation JP-[number]A refers to the Japanese
Laid-Open Patent Publication number, and the notation

WO[number]A refers to the International Publication num-
ber.

SUMMARY OF THE

INVENTION

In the prior arts described above, the inventors have newly
found that it 1s diflicult to enhance light emitting character-
istics and electrical properties, and that a great amount of
light loss occurs with light reflection by the transparent
clectrode formed 1n the light retrieving region in the struc-
ture of light emission control by the external connecting part
and light exit by the transparent electrode, and found based
on such knowledge, that the light retrieving efliciency can be
enhanced, and furthermore, the power efliciency can be
enhanced by suitably controlling the light reflection 1n the
light retrieving region and/or current injecting and light
emitting region of the transparent electrode, and suppressing
rise in the V1 element resistance.

The specific problems to be addressed of the present
invention 1s to provide a light emitting element that realizes
one ol or preferably, most of lowering 1n resistance of the
clement, higher output, enhancement 1n light emitting et
ciency (1 m/W) and wall-plug ethiciency (W.P.E), hlgher
mass productivity and lower cost using a light transmissive
clectrode for the electrode arranged outside the light emat-
ting structure. The problem to be address in the embodiment
of the present invention 1s to provide the light emitting
clement using the light transmissive electrode for the elec-
trode arranged outside the light emitting structure.

According the semiconductor light emitting eclement
according to first embodiment of the present invention, the
light transmissive msulating film surface interposed in the
second layer forming region 1s formed distant from the first
layer surface 1n the current 1njecting region, the light emat-
ting region, and the light extracting window region of the
covered region of the first layer, whereby suitable light
reflection, that 1s, reduction of light absorption by the light
transmissive conductive film of the first layer in the covered
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region, and mainly, enhancement 1n light shielding property
of metal etc., light reflection by the light transmissive
insulating film 1n the second layer acting as light absorption
can be achieved 1n each retlecting region.

According to the semiconductor light emitting element 3
according to second embodiment of the present imnvention,
with the light transmissive conductive film of the first layer
of the covered region and the 1nsulative protective film on
the surface thereot, the film thickness of the light transmis-
sive conductive film having a large light loss at the light 10
reflection 1s made small as the light reflecting region at the
boundary region with the semiconductor structure, a great
amount of light 1s reflected by the insulative protective film,
and in the light transmissive insulating film region of the
second layer, the light reaching the light shielding electrode 15
such as metal 1s retlected at the boundary region thereot, and
suitable light reflecting region having low light loss 1s
obtained by the insulating film of thick thickness.

Other embodiments according to the above-mentioned
first and second embodiments preferably include the follow- 20
ing embodiments.

According to one embodiment 1n which the light trans-
missive conductive film (first layer) of the covered region 1s
formed thin or less than or equal to A/2n,, the exuding
component of the light at the light reflecting region sup- 25
presses the light loss at the transparent conductive film
having high extinction coeflicient low, and the light quantity
reaching the suitable light reflecting second layer of low
light loss 1s reduced by the light transmissive insulating film
having a film thickness of greater than or equal to and A/2n, 30
a low extinction coeflicient. In one embodiment, the trans-
lucent light transmissive member having a low extinction
coellicient 1s provided on the first layer surface of the
covered region, most of the light exuding component in the
light transmissive member having low light loss 1s light 35
reflected by the light reflection at the covered region. The
light reflection with reduced light loss 1s realized where the
boundary region of light reflection with respect to the light
inside the semiconductor structure 1s formed with the 1nsu-
lative protective film of the light transmissive member 1n the 40
covered region and the light transmissive conductive film of
the first layer.

In one embodiment, the insulating film surface 1s above
the light transmissive member, the thick light transmissive
insulating film under the second layer achieves a suitable 45
light reflecting surface, 1n particular, total-reflection with the
semiconductor structure, and sutable light retrieval 1s
achieved by lowering the light reflectance by the thin
protective film 1n the light retrieving window region. When
the 1nsulating film 1s arranged within a range of one wave- 50
length (A/n,) or around Y4 wavelength thereof (A/n;£A/2n,)
serving as a light leakage region of light reflection at the
reflecting region of the surface of the semiconductor struc-
ture, or the protective film at the surface thereof, the light
loss 1s reduced, the light retlecting function 1s enhanced, and 55
the reflectance 1s lowered with the film having low extinc-
tion coethicient. When the index of refraction n, , ot each
film 1s smaller than the index of refraction n_ of the semi-
conductor, or n>n, ,, the light reflecting function can be
enhanced. 60

With the covered region of the first layer as the light
extracting window region, suitable light emitting structure
excelling 1n light emitting characteristics and current diffu-
sion property 1s obtained imn an embodiment including an
clongated part elongating from the external connecting part 65
of the second layer for current diffusion, and furthermore,
the current diffusion property can be enhanced, element

4

resistance can be reduced, and suitable light retrieval can be
realized in an embodiment the light transmissive msulating
f1lm 1s arranged at the elongated part of the second layer. In
one embodiment the first layer extending on the light
transmissive insulating film overlaps the second layer, the
first layer and the second layer become conductive, whereby
problems that occur when the second layer extends to the
outside of the msulating film end and causes light loss can
be solved, and furthermore, light loss can be suppressed low
by arranging a light transmissive conductive film having
high extinction coeflicient on the msulating film on the outer
side of the light reflection exuding region in light reflection.

In one embodiment of having a thin insulating film outer
edge as a thin film, or having the vicinity of the end of the
insulating film positioned near the boundary of the covered
region (first layer) and the insulating film region (second
layer) 1n the semiconductor structure plane as a thin film, the
adherence of each film (first and second layers, protective
film, and the like) bridged between the regions becomes
satisfactory to act as an optically intermediate region of both
regions, and suitable optical boundary 1s formed.

According to another embodiment including a thin pro-
tective film and a thick insulating film made of substantially
the same material, or including a protective film and an
insulating film which are made of substantially the same
material and thickness and proposed over a mterposed and
a projected parts of the first layer, each function of the
covered and insulating regions (first layer and second layer
region) 1s suitably exhibited.

According to the semiconductor light emitting element of
third embodiment of the present invention, the first layer of
cach electrode 1s extended to the outer side of the light
transmissive insulating film, and the covered part and the
second layer are overlapped to each other in the first
clectrode and separated from each other in the second
clectrode, so that a structure in which the light transmissive
first layer of the covered part of the second electrode serves
as the light extracting window part, and current 1s injected
to the first layer electrode of the covered part of the first
clectrode 1s suitably realized.

According to the semiconductor light emitting element of
fourth embodiment of the present invention, a second layer
of the first electrode 1s arranged on the first conductive type
semiconductor layer by way of the light transmissive 1nsu-
lating film, a light reflecting structure 1s arranged 1n an
clectrode forming region in a non-light emitting portion
outside the light emitting structure portion, so that light 1s
suitable reflected into the semiconductor structure, and the
light transmissive {first layer 1s conducted to the first con-
ductive type semiconductor layer at a partial region of the
clectrode forming region, so that suitable current injection 1s
realized.

In a semiconductor light emitting element of fifth embodi-
ment of the present invention, the cross section or the area
of the second layer projected part projected over the light
transmissive first layer (covered part) conducting to each
conductive type layer on the outer side of the light trans-
missive msulating film 1s larger 1n the second electrode than
in the first electrode, and preferably, the number of first layer
covered part and the second layer projected part 1s made
larger 1n the second electrode than 1n the first electrode, and
the first layer 1s interposed between the light transmissive
isulating film and each conductive type semiconductor
layer, so that each function of suitable current injection at the
covered part and the projected part, suitable current spread
at the interposed part, and suitable light reflection by the
light transmissive insulating film thereon 1s provided, and
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the covered part and the projected part of the light emitting
structure portion 1s made larger than the non-light emitting
portion, so that a structure of retrieving light from the main
surface side of the semiconductor structure facing the elec-
trode forming surface side is suitably realized.

Other embodiments according to the above-mentioned
embodiments preferably include the following embodi-
ments.

In an embodiment including the covered part of the first
layer on the outer side of the light transmissive insulating
film, suitable current injection to the first conductive type
layer 1s realized. In an embodiment the light transmissive
insulating film 1s larger than the cross sectional width, the
area, or the respective sum of the first layer covered part of
the first electrode on the outer side, the light reflecting
function 1s enhanced and suitable current injection 1s real-
1zed. In an embodiment including the first layer interposed
part between the second layer and the mnsulating film 1n the
first electrode, separation of the first layer by the msulating
film 1s prevented, the first layer on both sides of the
insulating film 1s suitably conducted at the interposed part,
and evenness of the current 1s enhanced. In an embodiment
the projected part of the second layer 1s arranged on the light
emitting structure portion side and the first layer covered
part exposed therefrom 1s arranged on the outer edge side,
the sheet resistance component of the first layer 1s reduced,
and suitable current injection from the projected part to the
light emitting structure portion 1s realized. In an embodi-
ment including a plurality of mnsulating films, an projected
part of the second layer covering the same, and a covered
part for connecting the same in the second electrode, a
suitable light reflecting structure is realized on the electrode
forming surface side, and suitable light retrieval from the
semiconductor structure surface side facing thereto 1s real-
ized. In an embodiment in which the covered part of the first
and second electrodes have larger cross sectional width or
larger area than the projected part thereol, most of the
regions on the electrode forming surface side of the light
emitting structure portion are covered by a plurality of light
transmissive insulating films thereby enhancing the light
reflecting function, an projected part conducting with the
semiconductor at the opening between the insulating films 1s
arranged, a covered part covering the insulating film 1s
arranged, and an element including a second layer that
becomes an excellent current injecting structure 1s obtained,
and an element of suitable light reflecting structure 1is
obtained. In an embodiment including a thick insulating film
and a covered part of the first electrode first layer on the
outer side thereol, a light transmissive msulating film having
a lower imndex of refraction than the semiconductor structure
1s arranged, so that suitable light reflecting structure, 1n
particular, light retlecting structure under the second layer 1s
obtained.

In an embodiment including the covered part of the first
layer on the outer side of the light transmissive insulating
film, suitable current injection to the first conductive type
layer 1s realized. In an embodiment the light transmissive
insulating film 1s larger than the cross sectional width, the
area, or the respective sum of the first layer covered part of
the first electrode on the outer side, the light reflecting
function 1s enhanced and suitable current 1njection is real-
ized. In an embodiment including the first layer interposed
part between the second layer and the nsulating film 1n the
first electrode, separation of the first layer by the msulating
film 1s prevented, the first layer on both sides of the
isulating film 1s suitably conducted at the interposed part,
and evenness of the current 1s enhanced. In an embodiment
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the projected part of the second layer 1s arranged on the light
emitting structure portion side and the first layer covered
part exposed therefrom 1s arranged on the outer edge side,
the sheet resistance component of the first layer 1s reduced,
and suitable current injection from the projected part to the
light emitting structure portion 1s realized. In an embodi-
ment including a plurality of insulating films, an projected
part of the second layer covering the same, and a covered
part for connecting the same in the second electrode, a
suitable light reflecting structure is realized on the electrode
forming surface side, and suitable light retrieval from the
semiconductor structure surface side facing thereto 1s real-
ized. In an embodiment in which the covered part of the first
and second electrodes have larger cross sectional width or
larger area than the projected part thereol, most of the
regions on the electrode forming surface side of the light
emitting structure portion are covered by a plurality of light
transmissive insulating films thereby enhancing the light
reflecting function, an projected part conducting with the
semiconductor at the opening between the insulating films 1s
arranged, a covered part covering the insulating film 1s
arranged, and an element including a second layer that
becomes an excellent current injecting structure 1s obtained,
and an element of suitable light reflecting structure 1is
obtained. In an embodiment including a thick msulating film
and a covered part of the first electrode first layer on the
outer side thereot, a light transmissive msulating film having
a lower imndex of refraction than the semiconductor structure
1s arranged, so that suitable light reflecting structure, in
particular, light reflecting structure under the second layer 1s
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic plan view of a light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 1B 1s a schematic cross sectional view taken along
line A-A of FIG. 1A;

FIG. 1C 1s a schematic cross sectional view taken along
line B-B of FIG. 1A;
FIG. 1D 1s a schematic cross sectional view enlarging one

part (circled portion) of FIG. 1B;

FIG. 1E 1s a schematic cross sectional view according to
a variant of FIG. 1D;

FIG. 2 1s a schematic cross sectional view of the light
emitting element according to one embodiment of the pres-
ent 1nvention:

FIG. 3 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 4 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 5A 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 5B 1s a schematic cross sectional view taken along
line A-A of FIG. 5A;

FIG. 6A 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 6B 1s a schematic cross sectional view taken along
line A-A of FIG. 6A and a partially enlarged view enlarging
one part thereof;
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FIG. 7 1s a schematic cross sectional view of one part of
the light emitting element according to one embodiment of
the present invention;

FIG. 8 1s a schematic cross sectional view of one part of
the light emitting element according to one embodiment of
the present mnvention;

FIG. 9 1s a schematic cross sectional view of one part of
the light emitting element according to one embodiment of
the present imvention;

FIG. 10 1s a schematic plan sectional view of one part of
the light emitting element according to one embodiment of
the present invention;

FIG. 11A 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 11B 1s a schematic cross sectional view taken along
line A-A of FIG. 11A;

FIG. 12 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion;

FIG. 13A 1s a schematic cross sectional view of a light
emitting device according to one embodiment of the present
invention;

FIG. 13B 1s a schematic cross sectional view of the light
emitting device according to one embodiment of the present
invention;

FIG. 14 15 a view explaining a relationship between first
layer and output characteristics of the light emitting element
according to one embodiment of the present invention; and

FIG. 15 1s a schematic plan view of the light emitting
clement according to one embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

The preferred embodiments of the present invention wall
be described below with reference to the accompanying
drawings. However, the light emitting elements and light
emitting devices discussed below are merely given to
embody the technological concept of the present invention,
and the present mmvention 1s not limited thereto. Unless
otherwise specified, the sizes, materials, shapes, relative
layouts, and so forth of the constituent members are for
illustrative examples, and do not intend to limit the invention
therein. The sizes, positional relationships, and so forth of
the members shown in the drawings may be exaggerated for
clarity. In each constituting component of the present inven-
tion, multiple components may be constructed using the
same member so that one member can serve as multiple
components, or vice versa, a function of a member may be
shared by multiple members.

First Embodiment

Referring to FIG. 1, a specific example of LED 100
according to a first embodiment and its structure will be
described below. Here, 1n the present embodiment, FIG. 1A
1s a schematic planar view of LED 100 seen from the
clectrode arrangement face, and FIGS. 1B and 1C are
schematic cross sectional views 1illustrating a part of a cross
section along a line A-A and a line B-B of FIG. 1A
respectively. FIG. 1D 1s a schematic cross sectional view
illustrating a partially enlarged view of the circled portion 1n
FIG. 1A. FIG. 1E 1s a schematic cross sectional view
illustrating another structure different from the structure

shown in FIG. 1D.
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A structure of a light emitting element of FIG. 1 has a
semiconductor structure 20 comprised of a layered structure
obtained by laminating an n-type mitride semiconductor
layer 21 as a first conductive type layer, an active layer 22
as a light emitting region, and a p-type nitride semiconductor
layer 23 as a second conductive type layer on a substrate 10
via a underlying layer such as a bufler layer. Part of the
n-type layer 21 1s exposed to be provided with an n-electrode
(first electrode) 30. A p-electrode (second electrode) 40 1s
provided on a p-type layer 23s as a surface 25t of a light
emitting structure 235 provided with the first and second
conductive type layers (and the active layer therebetween).
In plan view (FIG. 1A), a protective film 351 1s omitted, a
protective film opening that acts as an external connecting
part 33, 43 of each electrode 1s shown as a part surrounded
by a chain dashed line of thin line, which i1s the same in each
plan view of FIGS. 3,4, 5A,12, and 15. In FIG. 11 A as well,
the protective film 1s omitted, and the external connecting
part and a second layer surface substantially coincide with
the protective film opeming and thus are omitted. In FIG. 6 A,
the protective film 51 1s omitted, the first and second layer
ends of each electrode substantially coincide and thus are
shown with one line, a second light transmissive insulating
film 18 has an opening and an projected part of the second
layer that substantially matches thereto shown with a solid
line, and the other regions omitted.

In the example of the element of FIG. 1, a first electrode
30 of substantially rectangular shape 1s arranged 1n an
clectrode forming region 21e. Therefore, first and second
clectrodes 30, 40 are respectively arranged on a light emat-
ting structure portion 25 and the electrode forming region
21¢ of one part of an exposed part 21s exposed from the light
emitting structure portion 235, where the second electrode 40
on a semiconductor structure 25t has a structure 1n which a
first layer 41 of light transmissive conductive film and a
second layer 42 connecting thereto are stacked by way of the
light transmissive mnsulating {ilm 18 at one part. The second
layer of the electrode i1s formed by an electrode having a
lower translucency than the first layer such as metal elec-
trode having light shielding property, where since light
absorption/loss occurs, at a boundary region of the light
transmissive msulating film 18 and a second conductive type
layer 23s (upper surface 25t of light emitting structure
portion) of the semiconductor structure, specifically, at a
boundary of with the insulating film 18 having a lower index
of refraction than the semiconductor structure 20, the second
conductive type layer 32, or the surface 23s region thereof,
the light propagating through the semiconductor structure
suppresses the light shield by the second layer forming
region covering the relevant boundary, enables suitable light
reflection by the reflection of the boundary between the
insulating film 1n front thereof and the semiconductor
thereby suppressing light loss, and 1s suitably taken out from
an optical window of the side surface of the semiconductor
structure 20, the upper surface 25t of the light emitting
structure, the light transmissive substrate 10, and the like, 1n
particular, from the covered region of the first layer 41. The
first electrode 30 1s arranged 1n the exposed part 21s of the
semiconductor and connected to the semiconductor. As
hereinafter described, the first electrode may have a structure
including at least two layers of first and second layers 31, 32
as shown 1n FIG. 1B, similar to the second electrode, or may
have a structure in which one part of at least the second layer
1s arranged by way of the light transmissive msulating film
as shown 1n FIG. 2, 1n which cases, connection 1s made to
the semiconductor layer with the first layer on the lower
layer side.
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In the example of FIG. 1, similar to the second electrode
30, the first electrode 30 has an electrode structure including
at least a first layer 31 of transparent conductive film
arranged on an electrode forming region 22¢ of the exposed
part 21s serving as a non-light emitting portion and a second
layer 32 arranged thercon, where a suitable electrode 1is
obtained with a first layer having a wider cross sectional
width and a larger area than the second layer. Furthermore,
as shown in another example of FIG. 1C shown in FIG. 2,
similar to the second electrode, the first electrode has a
translucent isulating film 17 interposed between the second
layer and the semiconductor layer, so that effects similar to
the second electrode are obtained. The specific example
related to FIG. 1 1s configured with an ohmic electrode of the
first layer of n-side electrode 30 and the p-side electrode 40,
and a film 1 which I'TO and Rh/Pt/Au are stacked 1n such
order having the same structure as the external connecting
clectrode of the second layer.

Therefore, when arranging the first and second electrodes
and the first and second layers thereof 1n substantially the
same structure and 1n the same steps, that 1s, when the first
layer and/or the second layer are formed at substantially the
same film thickness, and have similar translucent insulating
film, productivity 1s enhanced and thus 1s preferable.

The covered part of the second layer 42 that covers the
upper surface of the translucent insulating film 1s not par-
ticularly limited, but as shown 1n FIG. 1, when arranging the
external connecting part 43 thereon, the external connecting
part 1s formed at a larger cross sectional width compared to
other portions such as electrode elongated part 44 as shown
in FIGS. 1, 3, 4, and 11, and requires a large area, whereby
it 1s preferably to arrange at least the external connecting
part on the covered part, and suitable light reflection 1s
carried out at the external connecting part of wide width and
large area. This 1s also preferably in that it excels 1n
impact-withstanding property i time of external connec-
tion, and close adherence between the first layer of the lower
layer and the translucent nsulating film.

The present invention will be specifically described
below, and specifically, a suitable light reflecting function to
the 1nside of the semiconductor structure 1s provided and a
window region for suitable light retrieval 1s formed at the
first layer covered region serving as a current injecting and
light emitting region that covers the first layer, 1n particular,
the light emitting structure portion. On the other hand, the
light loss of the second layer serving as a light shielding
region 1s suppressed and a suitable light reflecting function
to the mside of the semiconductor structure 1s provided at the
translucent insulating film forming region or the second
layer forming region, which 1s another region on the light
emitting structure portion, specifically, the second layer
covered region that serves as a current blocking region by
way ol the translucent insulating film.

In the semiconductor structure, the light inside 1s mainly
divided into a light of transverse component and a light of
longitudinal component as shown with an outline arrow of
FIG. 1B, where the longitudinal component enters at a low
angle with respect to the opposing main surface of the
semiconductor structure, the surface on the first electrode
forming surface side and the surface on the side facing
thereto or the substrate 10 side of FIG. 1, and extracted
immediately at the main surface it reaches. As shown with
the arrow 1n the figure, the light of transverse component
enters the main surface at high angle, where one part is
extracted to the outside but most are reflected towards the
inside and repeats such retlection to be propagated in the
transverse direction. The semiconductor structure 1s a
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medium that 1s wide 1n the transverse direction as shown in
the example (FIGS. 1, 3, 4, and 5) described below having
a dimension: thickness of about 5 um and width 320 um
(element outer shape: 320 umx320 um, exposed part, and
clectrode forming region width of 100 um, and eclement
outer edge of 20 um). That 1s, the semiconductor structure 1s
a medium 1n which the light path reaching to the surface of
the semiconductor structure 1s an extremely long propagat-
ing distance in the transverse direction compared to the
longitudinal direction. Furthermore, when evenly light emat-
ting 1n all directions from the light emitting region, most of
the light reaching the main surface of the light emitting
structure 1s a light of transverse component due to the
proportion occupving the solid angle of ommnidirectional
light emission. Therefore, most of the inside of the semi-
conductor structure 1s a light of transverse direction, and
most of the light thereof 1s reflected to the 1nside, where the
light emission element structure of the present invention 1s
a structure for suitably controlling such transverse compo-
nent.

Specifically, regarding the light of transverse component
(outline arrow 1n the figure) shown 1n FIG. 1B, the light
reflection of the transverse component 1s carried out at the
main surface of the semiconductor structure, the light emait-
ting structure portion occupying a large area thereof, and
turthermore, the first layer covered region occupying a large
area of the light emitting structure portion, as shown in FIG.
1D showing a portion surrounded with an ellipse in an
enlarged manner. At the retlection of the transverse compo-
nent, that 1s, the light component having a high incident
angle at the first layer covered region, the light component
1s reflected at the boundary region of a matenial different
from the matenal configuring the light reflecting part, and
specifically, light reflection 1s carried out with the band
region having a thickness of about the wavelength from the
surface of the semiconductor structure as a light reflecting
region (shaded part 70 1n the figure), so that light runs out
from the surface of the semiconductor structure into the
boundary region and retlected.

The index of refraction of the optical medium at the thin
film of about the wavelength 1s expressed with the equation
of the complex index of refraction N of N=n-1K, where n 1s
the real number of the index of refraction, and 1x i1s the
imaginary number. As heremafter described, 1n the case of
the dielectric film material suitably used for the light trans-
missive msulating film, the light transmissive member, and
the insulative protective film, the extinction coeflicient 1s
k=0, and the index of refraction N 1s the actual number n.
When the extinction coeflicient k>0 as 1n ITO of the
example to be hereinafter described, light absorption occurs
in the boundary region and the light reflecting region
(shaded part 70 in the figure) from the relational equation
with the absorption coeflicient o of a=4 mK/A.

In the structure shown i1n a comparative example to be
hereafter described, the enlarged view (FIG. 1D near the first
layer covered region and the second layer/light transmissive
insulating film forming region shows a structure as shown 1n
FIG. 1E, where the light of transverse component (outline
arrow 1n the figure) enters at high angle and the light
absorption occurs and the light attenuates at the reflected
region of about the wavelength (A/n,, about 230 nm 1n the
example) of the first layer. In the structure of the present
invention shown 1n FIG. 1D, at the first layer covered region,
the band shaped light retlecting region 70 1s configured by
a thin first layer, a light transmissive member covering the
top thereof, and an msulating protective film, where suitable
light reflection 1s realized by suppressing light absorption by
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the first layer and obtaining a high ratio for the incident light
and the reflected light. In the second layer and/or light
transmissive insulating film forming region, the light reflect-
ing region 1s formed on the light transmissive msulating film
of transparent material such as dielectric film (FIG. 1D), as
described above, where suitable light reflection of the trans-
verse component, and more suitably, total reflection by the
light of greater than or equal to critical angle 1s realized.
In the forming region, as hereinafter after described as
another function, as the current blocking region interposed
with the msulating film, the light emitting structure portion
under such region acts as a non-light emitting region, so that
the light of longitudinal component due to light emission
immediately below that easily reaches the nsulating film,
and furthermore, the second layer on the back side thereof
1s eliminated, and light emission under the first layer covered
region at the vicimity thereof, in particular, the light of
longitudinal component entering at low angle 1s reflected
with the light reflection of high reflectance by the boundary
region between the semiconductor structure and the trans-
lucent msulating film. Thus, 1t 1s preferably a current inhib-
iting and non-light emitting region.

The light reflecting mechanism of the transverse compo-
nent as described above 1s obtaimned by the difference in
substrate planarity 1n the examples hereinafter described,
specifically, a flat substrate surface as shown 1n FIG. 1B, a
substrate surface ol concave-convex structure as shown 1n
FIG. 2, and furthermore, comparison between the flat sur-
face and the surface having a concave-convex structure at
the main surface of the semiconductor structure facing the
clectrode forming surface such as comparison between
examples 1A to 1C and 1a to 1c, and examples 2A to 2C and
2a to 2¢. As shown 1n FIG. 2, such concave-convex structure
11 has a structure such that the light of transverse component
(dotted arrow 1n the figure) 1s reached to the concave-convex
surface, one part of such light 1s changed to longitudinal
direction to have one part converted to a light of upward and
downward component (solid line arrow 1n the figure), and
one part of the transverse component converted to the light
entering at low angle to the main surface in the short
distance direction of the semiconductor structure 1s extracted
to the outside thereby enhancing the light retrieving efli-
ciency. Therefore, the light of transverse component in the
semiconductor structure tends to decrease compared to the
case with the flat surface as shown in FIG. 1B, and thu
reflection 1s carried out by the light of transverse component
decreased compared to the flat surface, whereby eflects by
the reflecting mechanism are lowered. This supports the
reflecting region described above since the effect of the
reflecting structure of the present invention tends to reduce
at the concave-convex structure 11, as apparent ifrom the
comparison of example 1A to C and lato ¢, and 2A to C and
2a to c.

Each structure on the electrode forming surface side, in
particular, at the light emitting structure portion having the
light reflecting structure described above.

As shown 1n the specific example of FIG. 1, the light
emitting structure 1s a light emitting structure in which the
second electrode 40, 1n particular, the first layer covered
region 31c arranged on 25t the light emitting structure
portion 25 acts as the main light retrieving window region,
specifically, the longitudinal component retrieving window
region with one main surface side of the semiconductor
structure 20 as the forming surface side of the first and
second electrode 30, 40, and 1n which light 1s also extracted
from other light shielding structure such as second electrode,
exposed surface from the second layer of each electrode
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such as the exposed surface of the semiconductor structure,
side surface, and another main surface (substrate side), and
such light emitting structure i1s preferable in the present
invention. As opposed to such example, the main surface
side of the semiconductor structure facing the electrode
forming side, in particular, the second electrode forming
surface side may be the main light retrieving side and the
clectrode forming surface side may be the light reflecting
side, 1n which case, the reflecting structure of reflecting the
in the longitudinal direction at the first layer covered region
and the translucent member such as the insulating protective
film arranged thereon 1s realized by having the second layer
as the retlecting electrode and arranging the dielectric multi-
layer film and the metal reflecting film, to be hereinafter
described, on the translucent member.

In the specific example of FIG. 1, a light retlecting region
for reflecting the light while suppressing the loss of light of
the transverse component low 1s formed at the first layer
covered region and 1n addition, a complex material region of
the translucent member covering the first layer, and in
particular, the surface 1s arranged near the surface of the
semiconductor structure by having the film thickness of the
first layer small so that a suitable light reflecting part 1s
formed at the surface, as described above. As shown 1n
FIGS. 1B to 1D, the thin first layer 1s arranged 1n the light
reflecting region, so that a great amount of retlection com-
ponent by the light transmissive member preferably having
an index of refraction lower than the semiconductor struc-
ture, and more preferably, having an extinction coetlicient
lower than the first layer exists on the surface, whereby a
suitable light reflection 1s realized compared to when the
index of refraction 1s high, so that a complex region of low
absorption component 1s realized and a suitable reflecting
structure obtamned. As 1 examples 1, 2 hereinalter
described, the first layer or the surface thereof 1s formed
within a distance of A/2n, from the surface of the semicon-
ductor structure, and specifically, the film thickness of the
first layer arranged on the surface of the second conductive
type layer 1s made to less than or equal to A/2n, as shown in
the example, and more preferably, less than or equal to A/4n,
to sutliciently lower the light loss. The lower limit of the film
thickness 1s not particularly limited, but as described 1n the
specific example above, a structure sufliciently providing a
function of spreading the current from the external connect-
ing part of the second layer and furthermore, the elongated
part elongating from the external connecting part as the base
point to the first layer having a wider cross sectional width
and a larger area at the first layer, 1n particular, the covered
region thereof, and imjecting current to the semiconductor
structure, 1n particular, the light emitting structure portion 1s
preferable. In this case, suitable current spreading and
current injection, specifically, lower contact resistance of the
lower sheet resistance of the first layer and the semiconduc-
tor structure 1s preferable, where as shown 1n the example to
be hereinafter described, the structure of greater than or
equal to 10 nm, or greater than or equal to 20 nm 1s
preferable to suppress rise of Vi, which corresponds to
around A/8n,, and 1s formed while ensuring an appropnate
and suitable film thickness depending on the light emitting
structure, the shape of the second layer, and in particular, the
shape and the arrangement of the elongated part as shown 1n
the following examples and embodiments.

Regarding the second layer region overlapping the trans-
lucent insulating film region, or at least one part of the
translucent 1nsulating film region, separately arranged from
the first layer covered region on the semiconductor structure,
in particular, the electrode forming surface side of the light
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emitting structure portion, the second layer 1s formed on the
upper layer side as an electrode and electrically connected to
the first layer of the lower layer side, specifically, 1t 1s
formed with one part overlapping the first layer forming
region. Preferably, as shown in the example of FIG. 1, a
suitable reflecting mechanism 1s provided in the second
layer and/or translucent insulating film forming region by
connecting with the first layer extending part formed on the
translucent insulating film, and more preferably, by includ-
ing the second layer on the translucent insulating film,
thereby increasing the eflects.

In the reflecting mechanism in the forming region of the
translucent nsulating film, the reflecting region 1s formed at
the boundary region of the semiconductor structure and the
translucent insulating film, or preferably, the boundary
region of the semiconductor structure and the translucent
isulating film arranged on the surface thereof. As shown 1n
FIGS. 1D and 1E, the translucent insulating film surface 1s
preferably arranged on the outer side than the band shaped
reflecting region 70 of about one wavelength, specifically,
preferably arranged on the surface of the semiconductor
structure at a thicker thickness. Since the film thickness of
the surface of the translucent insulating film 1s suthicient, the
light of transverse component 1s suitably reflected, and the
light reaching the second layer for light absorption such as
upward light in the direction of the arrow as shown in FIG.
2 1s suitably reflected, and preferably, totally reflected by
light shielding property.

The distance from the surface of the semiconductor
structure to the surface of the translucent insulating film,
specifically, the film thickness of the imnsulating film arranged
on the surface of the semiconductor structure 1s larger than
the distance or the film thickness to the surface of the first
layer, as described above and will be described in the
following examples, or 1s greater than or equal to A/4n, (A
1s the light emitting wavelength of the light emitting ele-
ment, and n, 1s the index of refraction of the translucent
insulating film) and preferably greater than or equal to A/2n,
to obtain a suitable retlecting structure, where the upper limit
of the film thickness 1s not particularly limited, but at the first
layer covered region, the surface of the insulating film of
longer distance than the surface or the surface of the
insulating film of larger film thickness 1s obtained, and the
film thickness 1s larger than the sum of the distance of the
surface of the protective film and the surface of the semi-
conductor structure or the film thickness of the first layer and
the protective film, as shown 1n FIGS. 1B and 1C, whereby
a suitable light reflecting region 1s formed at the isulating
f1lm forming region. In this case, the specific distance or the
film thickness merely needs to be greater than or equal to
about one wavelength (A/n,).

As apparent from the examples to be heremnatter
described, a structure of suitable light output and element
characteristics 1s obtained by having the thickness of pret-
erably around A/2n,, more specifically, A/2n,xA/4n, (greater
than or equal to A/4n, and less than or equal to 3A/4n,). In
the region of less than or equal to A/2n,, the retlectance, in
particular the incident angle becomes higher angle from the
critical angle, according to the thickness of the medium, and
the retlectance at the region near the critical angle especially
rises, but such rise 1n reflectance has slow percentage or rise
at the region of greater than or equal to A/2n, (e.g., up to A/n,
or over A/n,), and specifically, satisfactorily matches with
the tendency to transition to slow percentage of rise seen at
the range of A/2n,.xA/4n,. Therelore, suitable reflection 1s
carried out in the range of A/2n,xA/4n, with respect to the
light emission of the region spaced apart from the light
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transmissive insulating film forming region in which the
incident angle 1s a high angle, 1n particular, the light emis-
sion near the imsulating film forming region i which the
incident angle i1s near the critical angle where the light
quantity 1s large, and can be suitably applied to the current
inhibiting region structure by the insulating film. The light
emitting element structure having a suitable light property
similar to within the above range 1s obtained even 1if the
range (upper limit 3A/4n,) 1s exceeded, for example, one
wavelength or greater than one wavelength.

As shown 1in FIGS. 1B to 1D, when the translucent
insulating film becomes thicker, a large step difference is
created between the surface 25t of the light emitting struc-
ture portion and the first layer covered region 41c, and thus
problems such as partial disconnection and stripping arise at
the electrode formed across the step diflerence, the first layer
and the protective film 51 1n the example of FIG. 1, and the
first and second layers and the protective films 17, 18 of the
first and second electrodes 30 40 1n the example of FIGS. 7
and 8, which become the causes of variation in the manu-
facturing yield and the characteristics of the element. As
described above, such problems become significant when
thinning the thickness of the first layer, and furthermore,
when spacing the protective film away from the insulating
film, and when extending the first layer up to the insulating
film and spacing the second layer away from the first layer
covered region.

The step difference has a structure i which the first
covered region 41c (31¢) and the forming region of the
insulating film 18 (17) and furthermore, the second layer
forming region are arranged 1n the electrode forming surface
of the semiconductor structure, in particular, in the surface
25t of the light emitting structure portion 23, and i1s the
boundary region between such regions. At the boundary
region, the change in optical distribution becomes large at
the reflecting region when the step diflerence becomes large
and exceeds one wavelength (A/n,), which might adversely
allect the optical characteristics such as directivity. The
change at the boundary region can be made small by
arranging the thin film part 61, 62 at the end side, as shown
in FIGS. 8, 9, and 11. The reflecting region 1s made to a
similar complex member other than that the arrangement of
the member 1s mverted at the covered region and the
insulating film forming region, and the difference between
the regions can be made small when the translucent 1nsu-
lating {ilm 1s 1n the above range (A/2n,xA/4n,) and the first
layer extending part i1s arranged on the msulating film.
[Specific Example/Manufacturing Example of Light Emait-
ting Element]

EXAMPLE 1

The details and the manufacturing method of the present
embodiment will now be described using example 1.

A semiconductor element, specifically a layered structure
(emission wavelength of 460 nm, blue LED), for example as
shown 1 FIG. 1 according to the present embodiment, may
be used, which 1s formed by stacking, on the substrate, an
underlayer including GalN bufler layer of 20 nm thickness
and undoped GaN layer of 1 um thickness, a first conductive
type layer 22 (n-type layer) including an n-side contact layer
of GaN doped with Si of 4.5x10"%/cm” of 5 um thickness, a
multilayer between the contact layer and an active layer
including an undoped GaN layer of 0.3 um thickness, a GaN
layer doped with Si of 4.5%x10"%/cm” of 0.03 um thickness,
an undoped GaN layer of 5 nm thickness, and ten layers of
alternately stacked undoped GaN layer of 4 nm and undoped
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In, ,Ga, N layer of 2 nm, an active layer 22 having a
multiple quantum well structure including six layers of
alternately stacked a barrier layer of undoped GaN of 25 nm
thickness and a well layer of In, ;Ga, -N of 3 nm thickness,
a second conductive type layer (p-type layer) 23 including a

p-side multi layer having five layers of alternately stacked
Al, ,Ga, <N layer doped with Mg of 5x10'”/cm” of 4 nm

thickness and In, ,,Ga, o-N layer doped with Mg of 5x10"/
cm® of 2.5 nm thickness, and an Al , .Ga, ..N layer doped
with Mg of 5x10"”/cm” of 4 nm thickness thereon, and a
p-side contact layer of GaN doped with Mg of 1x10*°)/cm’
of 0.12 um thickness. Further, thermal treatment (700° C.) 1s
carried out 1n a reactor vessel to lower the resistance of the
p-type layer.

(Manufacturing a Non-emitting Part and Light Emitting
Structure Region)

The first conductive type layer exposed region 21s and the
light emitting structure region 25 are defined by processing/
removing part of the layered structure 20 by etching into a
desired shape by etching or the like. A specific example 1s
that, in the above structural example, a mask of S10, or the
like 1n a desired shape 1s provided by photolithography from
the p-type layer side, and part of the n-type contact layer in
its depth direction 1s removed by etching such as RIE
(reactive 10n etching), to form the exposed region 21s and
the first electrode formation region 2le (the recessed
notched section 22a in the example of FIG. 1) 1 a part
thereof.

(Light Transmissive Insulating Film 18)

The light transmissive insulating film of S10, 1s arranged
on the exposed electrode forming surface side of the semi-
conductor structure. Specifically, a mask of a resist 1s formed
through photolithography, and a translucent msulating film
18 of a desired shape 1s arranged on a second conductive
type layer (p-side contact layer in the p-type layer) that acts
as an upper surface 25t of the light emitting structure
portion.

(Electrodes 30, 40)

After forming an ITO (about 20 nm) on the electrode
forming surface side of the semiconductor structure as
translucent ochmic electrodes (first layer) 31, 41 of the first
clectrode 30 (n-type electrode) and the second electrode 40
(p-type layer side) on the first and second conductive type
layers, a mask of a resist 1s formed through photolithogra-
phy, one part of the I'TO 1s removed by etching, and a first
layer of a desired shape covering the translucent msulating
film 18 on each conductive type layer and the second
conductive type layer 1s formed. After forming the mask
through photolithography as a second layer 32, 42 including,
cach pad electrode (external connecting part 33, 43) and an
clectrode elongated part 34, 44 extending thereirom so as to
overlap one part of the first layer 31, 41 and the translucent
insulating film 18, the films of a structure 1n which Ti1 (about
2 nm)/Rh (about 200 nm)/Au (about 600 nm) are stacked 1n
order are formed, and lift ofl 1s carried out to form to a
desired shape. Therefore, preferably, the first and second
clectrodes 30, 40 are simultaneously formed, specifically,
cach layer of each electrode 1s formed in the same step to
reduce the manufacturing steps, but may be formed with
different steps, different maternals, and stacked structure.
Subsequently, the electrode 1s annealing processed 1n the
thermal treatment of greater than or equal to 300° C. to
reduce the contact resistance of each electrode and each
conductive type semiconductor layer.

In the third embodiment and FIG. 5, lower resistance 1s
achieved than the first layer covered part 41¢ exposed from
the projected part 32p at the first electrode 30 and the
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projected part 32p of the second layer projecting over the
first layer covered part 31c. Lower resistance 1s obtained 1n
the first layer at the second electrode 40 compared to the
region exposed from the second layer and the insulating
film, the region 1n which the region on the outer side is
covered, or the region on the mner side, and thus the second
layer 1s preferably spaced part from the first layer, in
particular, the covered part 31c thereolf, and the second layer
1s preferably included at the surface of the msulating film.
When arranging the first layer interposed part between the
insulating film and the semiconductor structure, the inter-
posed part 1s controllable as a current injecting part or a
current inhibiting part using such nature. In this case, the
contact resistance 1s reduced 1n the first layer of the first
clectrode in thermal treatment in the exposed state after
forming the first layer, and in the first layer of the second
clectrode 1n thermal treatment in the covered state of the
projected part of the second layer after forming the first
layer. Thus, 1n the example of the structure including the
interposed part of FIG. 6, the first layer 1s formed as each
clectrode, the first layer of the first electrode 1s exposed and
subjected to thermal treatment to form the current 1njecting
part of the interposed part of the second electrode, and the
second electrode 1s arranged with the projected part of the
second layer and subjected to thermal treatment. Thus, when
the first and second electrodes have the same steps and
structures, two thermal treatments, first for lowering the
resistance of the interposed part of the second electrode and
the second for lowering the resistance of the first layer under
the projected part 1n the first electrode, are performed.

(Protective Film 30)

In this example, as shown with a thin chain dashed line of
FIG. 1A, S10, of 200 nm 1s formed over the entire surface
as the protective film 50 for exposing the external connect-
ing parts 33, 43 of each electrode (second layer) through
ctching etc., and covering the other regions, and thereafter,
a resist mask 1s formed through photolithography, and dry
etching 1s performed with RIE to form an opening.

Lastly, the substrate 10 1s divided to a square of 320
umx320 um, to form an LED chip having a light emitting
wavelength of about 460 nm. In this example, substantially
the center part having twice the width 1n the water before
division 1s set as the dividing position at the n-type layer
exposed width of about 20 um of the element peripheral
edge part. The index of refraction of each light transmissive
material has a relationship of n>n,>n, 5, where the index of
refraction n, of the translucent conductive film 1s about 2.00
(ITO), the mndex of refraction n,, n, of the translucent
insulating film and the protective film 1s about 1.46 (S10,,),
the index of refraction of n_ of the semiconductor structure
1s about 2.46 (GaN).

The size of each structure shown in the above examples
1s as follows. The thickness of the substrate 10 1s about 50
to 200 um (about 90 um in the above example). In the
layered structure 20, the thickness of the underlayer 1s about
1 to 3 um, the thickness of the n-type semiconductor layer
21 1s about 2 to 5 um, the thickness of the active layer or
light emitting layer 22 1s 10 to 150 nm, the thickness of the
p-type semiconductor layer 23 1s about 100 to 300 nm. The
height from the exposed surface 21s of the n-type layer to
the light emitting structure 1s about 0.5 to 3 um (about 1.5
um 1n the above example). The thickness of each of the first
layer (ohmic electrode) 1s about 10 to 500 nm. The thickness
of the second layer (pad electrode and elongated portion) 1s
about 0.3 to 1.5 um. The width or diameter of the external
connection portion and the pad electrode 1s about 50 to 150
um. the width of the electrically conductive part (second
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layer) of when the electrode forming surface side 1s the light
retrieving side 1s 3 to 20 um. The distance between the ends
(cross sectional width of the projecting part of the isulating
layer) of the electrically conductive part and the insulating
part of when the second layer (pad electrode, extending
clectrically conductive part) 1s arranged spaced apart from
the covered region in the msulating layer 18 1s about 3 to 10
um. As shown 1n FIG. 2, similar to the first electrode and the
second electrode, the cross sectional width of the covered
region 31c extended from the insulating film of the first layer
of the first electrode 1s about 3 to 20 um when the translucent
insulating film 17 1s arranged, and the cross sectional width
of the projected parts 32p and 42p 1s about 0 to 30 um 1n the
second electrode and 3 to 20 um 1n the first electrode when
the second layer 1s arranged extending from the insulating

film to the covered region.
The film thickness of the ITO of the first layer and the

translucent nsulating film 1s changed in the light emitting
clement obtained as above to review the dependency thereof.
As shown in FIG. 2, in the reviewed example, the first
clectrode has the light transmissive insulating film 17
arranged substantially 1n the same region as the second layer
in the same step, and arranged on both sides of the trans-
lucent msulating film with the width of the second layer of
the second electrode elongated part of about 3 um, and the
cross sectional width of the covered region (extending part
exposed from the second layer) of the first layer of the first
clectrode of about 10 um, similar to the second electrode.

The reviewed example 1s similar to the examples 1A to 1C
other than that the film thickness of the translucent insulat-
ing film (810,) 1s 20 nm (example 1A) and 200 nm (example
1B) and 400 nm (example 1C) of substantially the same film
thickness as the protective film, and the translucent msulat-
ing film 1s removed as a comparative example 1. In each
example 1A to 1C and the comparative example 1, the
examples la to 1lc, and the comparative example 1' are
formed with the concave-convex structure arranged on the
surface of the substrate, as shown 1n FIG. 2. Evaluating such
examples with the light emitting device 200 of shell lamp
having a diameter of 5 mm sealed and molded by epoxy
resin as shown in FIG. 13B, the element having the char-
acteristics of table 1 1s obtained. Each characteristic evalu-
ation 1tem 1n the table includes forward voltage VI at 11=20
mA, main wavelength A , and integrating sphere ¢_ as a light
flux.

Compared to comparative example 1 (1'), the area of the
contacting part of the first layer and each conductive type
layer, that 1s the proportion of the covered region of the first
layer reduces, and thus V1 of examples 1A to 1C, 1a, and 1b
tends to increase by about 0.2 to 0.3V, excluding example
1b. The light flux enhances by 6%, 16%, and 16% 1n
examples 1A to 1C compared to comparative example 1, and
enhances by 6%, 10%, and 10% 1n examples la to 1c
compared to comparative example 1'. The power efliciency
of Wall-Plug Efliciency (W.P.E) increases by about 3%
(examples 1B, 1C) from that of the same extent (example
1A) compared to comparative example 1, but tends to lower
compared to comparative example 1' in examples 1a to 1c.

TABLE 1
VIV ¢_[mW] W.PE[%] A, [nm]
Example 1A 3.34 28.7 42.9 459.1
Example 1B 3.38 31.2 46.2 460.8
Example 1C 3.42 31.3 45.8 460.5

10

15

20

25

30

35

40

45

50

55

60

65

18
TABLE 1-continued

VI[V] ¢.|mW | W.P.E|%] A [nm |
Comparative 3.13 27.0 43.0 459.5
example 1
Example la 3.26 33.3 52.2 449 .9
Example 1b 4.11 34.5 50.9 449 .9
Example 1c 3.26 34.5 41.9 449.7
Comparative 3.01 31.4 51.8 450.4

example 1’

Therefore, comparing examples 1a, 1b and 1c, and 1A and
1B to 1C 1n which the thickness of the translucent insulating
f1lm differs, light output enhances by about 4 to 9%. The 4
wavelength of the translucent insulating film A/2n, 1s about

154 nm (when A=450 nm), and about 157 nm (when A=460
nm), where the relationship with the film thickness of the
insulating film 1s [Example 1A (la)]<A/2n,<[Example 1B
(1b)]<[Example 1C (1c)]; the relationship with 4 wave-

length before and after 2 wavelength and one wavelength 1s
|[Example 1A (1a)]<A/4n,<A/2n,<|Example 1B (1b)]<3A/
4n,<A/2n.,<|Example 1C (1¢)]; and suitable light output 1s
obtained near A/2n, of example 1B (1b), specifically,
A 2nxA/4n, (greater than or equal to A/4n, and lower than or
equal to 3A/4/n,). The VT tends to increase the thicker the
f1lm thickness of the insulating film from the comparison of
example 1A (1a) and example 1C (1¢), where V1 1s assumed
to 1crease from the relationship of the film thickness step
difference of the mnsulating film and the first layer covering
the same.

In the structure shown 1n example 1 (reviewed example,
structure of FIG. 1), and 1n addition, the following reviewed
example, second embodiment/example 2 (structure of FIG.
4), seventh embodiment/example 6 (structure of FIG. 3), and
comparative examples thereof, the light emitting element 1s
manufactured while changing the film thickness of the ITO
of the first layer between 20 nm and 170 nm, whereby the
output characteristics as shown 1n FIG. 14 are obtained. In
order to cancel out the output difference caused by structural
difference, each structure 1s standardized with the film
thickness of the first layer as 20 nm with respect to the light
emitting output (mW) of If=20 mA, where the figure number
in the legend corresponds to the structure of each figure, and
the parentheses indicates FIG. 2 having the concave-convex
structure shown 1 FIG. 2, Ag including the Ag reflecting
layer as heremafter described at the lower layer of the
second layer, where “-1, -2” at the end indicates being
related to the example of another series.

Apparently, 1n the region over 50 nm, the output tends to
decrease with increase 1n film thickness, and in the region of
greater than or equal to 20 nm and lower than or equal to 50
nm, the region of high output 1s obtained, i particular, the
output tends to increase with decrease in film thickness.

Second Embodiment

In the first embodiment and example 1, the second
embodiment forms a light emitting element having a similar
structure as example 1 and having a dimension of substan-
tially a square of 320 um other than that the number of
clongated parts 1s four (example 1) to mine, and the light
transmissive insulating film corresponding to the elongated
part (second layer) and the electrode shape 1s arranged, with
the shape of the elongated part 44 of the second electrode (p
clectrode) as shown 1n FIG. 4.

In this light emitting element, the number and the area of
the electrode elongated part 1s greater than 1n example 2, and
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thus current spreading etc. enhances, but light emitting area
lowers due to increase in the area of the translucent insu-
lating film, whereby the output of the element tends to
slightly lower than 1n example 2.

Specifically comparing, the second layer of the second
clectrode and the translucent msulating film are formed with
the condition of substantially the same region similar to
reviewed example (examples 1A to 1C, 1a to 1c) of example
1, and the first electrode has the translucent insulating film
and the first layer omitted as shown in FIG. 1 different from
the reviewed example of example 1, the light emitting
clement having a structure of example 1, example 2, and
example 3 shown 1n FIGS. 1A, 3, and 4 are respectively
formed. Similar to example 1B, the film thickness of the
translucent insulating film and the first layer are 200 nm and
20 nm, and the substrate 1s also a substrate having a flat
surface similar to example 1B. The light emitting element
formed 1n this manner 1s evaluated with the light emitting
device 200 of shell type of FIG. 13B, similar to the review
of example 1 to obtain an element having the characteristics
shown 1n table 2.

TABLE 2
VIIV] ¢ [mW]  W.PE[%] A [nm]
Example of FIG. 3.33 29.7 44.7 458.5
gxampla of FIG. 3.16 28.5 45.1 4592
%Xample of FIG. 3.20 30.6 47.9 457 4
1A

From this evaluation, a tendency that V1 increases when
the number of electrode elongated part 44 1s two as 1n the
example of FIG. 4, compared to when the number of
clectrode elongated part 1s nine or four i FIGS. 3 and 1A,
1s seen by having the translucent insulating film as the
current inhibiting part, which 1s assumed as the effect of
increase 1n sheet resistance caused by thinning of the trans-
lucent conductive film. Increase in the number and the area
of the extending part increase the area of the translucent
insulating film and lowers the light emitting area, and thus
light output and power efliciency of the same extent are
obtained 1n the example of FIGS. 4 and 3, and high light
output and power efliciency compared thereto are obtained
in the example of FIG. 1A which corresponds to the inter-
mediate case of FIGS. 4 and 3. Therefore, the element
structure 1s formed taking into consideration the electrode
shape, 1n particular, the shape of the second layer and the
clongated, as well as the shape and the area of the translucent
insulating film accompanied therewith thinning of the trans-
lucent conductive film.

EXAMPLE 2

In example 1, as shown 1n FIG. 4, the light emitting
clement having a structure in which the elongated part 44
having a width of about 3 um 1ncludes nine second layers 42,
and other structures have similar structure and dimension.

The light emitting element 1s manufactured similar to the
example of FIG. 4 of table 2 other than that the film
thickness of the first layer 1s 20 nm (example 2A), 40 nm
(example 2B), and 170 nm (example 2C), and that the flat
substrate of each example 2A to 2C 1s a substrate having a
concave-convex structure as shown 1n FIG. 2 (examples 2a
to 2¢), and evaluated with the light emitting device to obtain
an element having the characteristics of table 3. For com-

5

10

15

20

25

30

35

40

45

50

55

60

65

20

parison, each characteristic of comparative examples 3 and
3' (structure 1n which translucent insulating film 1s omaitted
in the example of FIG. 3) 1s also shown. Furthermore, as
another reviewed example, an element having a structure 1n
which the translucent insulating film of example 2A' 1s
omitted 1s manufactured as an example 2A' similar to
example 2A and comparative example 2A, and such element
chip 1s evaluated obtain an element having the characteris-
tics of table 3. In table 4, A 1s the peak wavelength, and
others are the same as tables 1 to 3.

TABLE 3

VI[V] ¢ mW | W.P.E[%] A [nm]
Example 2A 3.11 28.7 46.1 455.2
Example 2B 3.11 29.5 47.5 453.5
Example 2C 3.10 28.0 45.2 452.7
Comparative 3.04 26.3 43.2 455.%8
example 3
Example 2a 3.07 32.6 53.1 451.1
Example 2b 3.07 32.1 52.2 451.3
Example 2¢ 3.06 27.6 45.0 451.9
Comparative 2.99 30.8 51.5 451.0
example 3’

As described above, compared to comparative examples
3 (3"), high output and high power efliciency are obtained 1n
examples 2A (2a), 2B (2b), and 2C, and low output and low
power elliciency are obtained 1n example 2¢. Comparing the
f1lm thickness of each conductive film at the wavelength of
the light transmissive conductive film (index of refraction of
n,=2.00), the 52 wavelength and the V4 wavelength, and the
sum of the film thickness of the protective film (200 nm)
therewith, [Example 2A (2a)]<[Example 2B (2b)]<[A/2n, <
[Example 2C (2¢)]<[M/n,], and furthermore, [Example 2A]<
|[Example 2B|<[A/4n,], [3A/4n, |<[Example 2C], and [Sum
of example 2A]<A/n,<[Sum of example 2B|<3A/2n,<[Sum
of example 2C]|<[7A/4n,] are obtained.

TABLE 4
VI[V] ¢, [mW] W.PE[%] Aynm] A [nm]
Example 2A' 3.09 31.0 50.2 4544 448 .8
Comparative 3.10 30.2 48.7 453.4 447.9
example 2A

As described above, compared to comparative example
2A, the example 2A' enhances the output by about 3%, and
also enhances the power efliciency at the same extent of V1.

Third Embodiment

A specific example of the LED 100 according to the third
embodiment, that 1s, the element structure including at least
a first electrode and a first light transmissive insulating film,
and the configuration thereof will be described using FIG. 5.
The structure including the second light transmissive 1nsu-
lating film 18, that 1s, the embodiment of the preferred light
emitting element will be described for the second electrode,
but 1s not limited thereto, and the second electrode may have
a structure 1 which an nsulating film 1s not arranged in the
present embodiment, which 1s the same for the fourth, the
fifth, and the sixth embodiments. FIG. 5A 1s a plan view of
the LED according to the first embodiment seen from the
clectrode forming surface side, and FIG. 5B is a schematic
view describing the cross section taken along line A-A of

FIG. SA.
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Similar to the first and the second embodiments, the
structure of the light emitting element of FIG. 5 has an
clement structure 1n which a semiconductor structure 20 is
arranged on a substrate 10, an n electrode (first electrode) 30
1s arranged on an n-type layer 21, and a p electrode (second
clectrode) 40 1s arranged on a p-type layer 23s.

The specific example of FIG. 5 1s substantially the same
as the example of FIG. 1 of the first embodiment other than
in the element structure and the electrode structure regarding
the following points. The first electrode 30 of the exposed
part 21s has a structure including at least two layers of first
and second layers 31, 32, where one part of at least the
second layer 1s arranged by way of the translucent insulating
f1lm, and the first layer 1s connected to a semiconductor. The
material of the first and second lavers 31, 32 of the first
electrode 30 1s the same as the second electrode, and the
structure thereof 1s also the same. Specifically, when the
light propagating through the semiconductor structure is
extracted from the exposed part 21s at the boundary of the
light transmissive msulating film 17 and the first conductive
type layer 21 (exposed part 21s) of the semiconductor
structure, specifically, at the boundary of with the insulating
film 17 having an index of refraction lower than the semi-
conductor structure, the first conductive type layer, or the
exposed part thereol, the light shielding 1s suppressed by the
clectrode forming region covering the same, and the light 1s
suitably extracted from the light window of other exposed
parts, side surface of the semiconductor structure, upper
surface of the light emitting structure, and the light trans-
missive substrate etc. by being substantially totally reflected
at greater than or equal to a critical angle without light loss
by the light reflection of high reflectance at the boundary of
the 1nsulating film on the front and the semiconductor.

As shown 1n FIG. 5B, the first electrode 30 has the first
layer 31 the light transmissive conductive film arranged on
the lower layer side including a covered part 31c extending,
to the outer side from the translucent insulating film 17 and
being connected to the first conductive type layer. A struc-
ture stacked with a second layer 32 including a reflective
metal film on the upper layer side 1s adopted, where a
projected part 32p of the second layer projecting over the
covered part 31c 1s arranged on the outer side of the
1nsulat1ng film 17. In the first electrode 30, a suitable ohmic
contact 1s realized with the first conductive type layer by the
projected part 32p. For instance, the contact resistance and
the forward voltage can be reduced compared to when
tormed spaced apart from the covered part 31c, as shown 1n
FIG. 9, and 1n particular, suitably functions when the 1nsu-
lating film 1interposing region occupying the electrode 1is
large and the semiconductor layer connecting region 1s small
as 1n a structure of when the area and the cross sectional
width of the translucent insulating film are larger than the
covered part 31c or the sum thereof, or when larger than the
covered part of the second layer covering the insulating film,
as shown 1 FIGS. 5 and 7, and according to such structure,
the reflecting function can be enhanced, and the light
retrieval efliciency, the light emitting output, and the power
elliciency can be increased.

The portion for covering the mnsulating film of the second
layer 1s not particularly limited, when arranging the external
connecting part 33 thereon as shown in FIG. 5, the external
connecting part 1s formed to a wider cross sectional width
compared to other portions such as the electrode elongated
part 34 of FIG. 11, and the external connecting part 1s
arranged on the second layer portion covering such insulat-
ing film as large area 1s required, whereby suitable light
reflection 1s carried out at the external connecting part of
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wide width and large area, and excellent impact resistance in
time ol external connection and adherence with the first
layer and the translucent insulating film of the lower layer
are achieved.

As shown mn FIGS. 2, 5, 7, 9, and 11, the first layer
preferably has a structure including an extending part 31e
that covers one part of at least the translucent insulating film
and a covered part 31¢ extending to the outer side thereof for
suitable adherence and connection with the second layer.
The first layer 1s interposed between the second layer and the
translucent insulating film, preferably, between the second
layer and the translucent insulating film and the semicon-
ductor layer, and more preferably, included 1n the first layer
within the electrode forming surface or arranged with the
send layer end on the first layer end, 1n particular, the inner
side of the end of the covered part at the cross section, so that
the lower surface side of the second layer 1s covered with the
first layer thereby obtaining further effect.

In this manner, when arranging the {first and second
clectrodes as well as the first and second layers thereof 1n
substantially the same structure and 1n the same steps, that
1s, when the first layer and/or the second layer have sub-
stantially the same film thickness and are formed 1n the first
and second electrodes, and the translucent isulating film 1s
also the same, each electrode and element function can be
enhanced by the different portions of the first and second
electrodes, to be hereinafter described.

Most of the structure of the first electrode and the con-
figuration thereol are applicable to the second electrode, but
are diflered to synergistically enhance the element function,
which difference will be described below.

The example of FIG. 5 has a structure 1n which the light
emitting structure portion 1s formed in the semiconductor
structure 20 to have a wider cross sectional width and a
larger area than other regions, for example, the non-light
emitting portion such as the exposed part and the electrode
forming region, where the electrode forming surface side 1s
set as the light retrieval side, 1n which case, the light
retrieving window 1s formed on the electrode forming sur-
face side of the light emitting structure portion, and the
translucent conductive film of the first layer 1s formed 1n the
window region. In the first electrode of the non-light emait-
ting portion, the light quantity 1s small compared to the light
emitting structure portion, and thus light retrieval through
the first layer decreases. Therefore, 1n the second electrode,
the second layer has a smaller cross sectional width and area
than the covered part of the first layer, where 1t 1s preferable
to suppress light shield and light loss by the projected part
by being arranged spaced apart from the covered part 41p,
and more preferably to be included on the translucent
insulating film by arranging the second layer end on the
inner side of the end of the translucent insulating film as 1n
the example of FIG. 5 than to enhance electrical properties
as a structure arranged with the projected part on the covered
part as shown 1in FIG. 7. Thus, 1n the structure of the example
of FIG. 5, 1t 1s preferable to have each forming region of the
second layer and the translucent insulating film as a light
reflecting region, the covered part of the first layer as the
light retrieving window region, and as a structure enhancing
the function thereof.

Specific examples of the first and second electrode struc-
tures include a structure in which the first and second
clectrodes are arranged by way of a translucent insulating
film that at least overlaps one part thereof, and the covered
part of the first layer has the projected part 32p of the second
layer 32 on the covered part 31c at the first electrode 30, and
the second layer 42 arranged spaced apart {from the covered
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part 41c at the second electrode 40, preferably, a structure in
which the second layer 42 1s arranged included in the
translucent insulating film 1n plane on the mnner side of the
end of the translucent insulating film at the cross section.
Therefore, a structure mm which the covered part and the
second layer of the first electrode overlap each other to
enhance the electrical properties, the second layer 1is
arranged on the translucent insulating film spaced apart from
the covered part 1n the second electrode to suitably function
the light retrieving window region of the covered part of the
first layer, and the second layer region functions as a
reflecting region for suitably reflecting the light reaching the
light shielding member by interposition of the translucent
insulating film 1s obtained.

Configurations other than the above will be described
below. As described above, the first layer and the second
layer are overlapped at least partially and are electrically
connected, and the second layer and the translucent isulat-
ing film are also overlapped at least partially, but 1n addition,
in the example of FIG. 5, the first layer and the second layer
(covered part) are preferably overlapped at least partially on
the translucent insulating film 1n terms of adherence and
clectrical property. In this case, a structure in which the
second layer covers only one of the msulating film or the
first layer 1s preferable than a structure 1n which the second
layer covers the insulating film and the first layer since the
interface of the heterogeneous material becomes one, and
turthermore, the second layer 1s more preferably formed
only on the first layer.

Each layer of the electrode extending to the outer side of
the translucent msulating film 1s preferably arranged with
the electrode part extending to one part of the outer periph-
ery on one side at the cross section or within the electrode
forming surface, preferably, the electrode part extending to
both sides at the cross section or substantially the entire
outer periphery, 1in particular, the covered part of the first
layer 1n at least the translucent insulating film.

The first electrode elongated part 1s not arranged 1n the
example of FIG. 5, but similar elongated part 34 may be
arranged for the first electrode, as shown in the example of
FIG. 11. In this case, as apparent from FIGS. 6, 11, and 15,
the elongated part 34 of the first electrode has a shape in
which the first and second layers are both extended, as
opposed to the second electrode. In the cross sectional view
of FIG. 3B, the first layer of the first electrode 1s shown as
a continuous film covering the end and the side surface of
the translucent insulating film, but i1s separated by the
insulating film, and furthermore by the film thickness of the
first layer, near the end or the side surface of the msulating
film with the manufacturing method, that is, the portion
covering the translucent insulating film and the covered
portion are spaced apart. Preferably, adherence with the
second layer becomes satisfactory by configuring with the
continuing {ilm as shown 1in the figure.

As shown 1n FIG. 3, the insulative protective film 51
arranged 1n the semiconductor structure may be formed on
the electrode, 1n particular, the first layer may be formed
suiliciently thin at the first layer portion exposed from the
second layer, specifically, at least one part of the covered
part and on the second electrode side, to realize a suitable
light reflecting and retrieving structure. Specifically, as
shown 1n the figure and as described 1n the first embodiment,
a film thinner than the translucent msulating film providing
the reflecting function 1s formed, and 1s formed thinner than
the exuding amount of light to form a light reflecting surface
at the boundary of the semiconductor structure and the
protective film. In particular, similar to the translucent
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isulating films 17, 18, the translucent protective film 51
preferably has an index of refraction smaller than the semi-
conductor structure, specifically, the semiconductor layer of
cach conductive type formed in the electrode. Similar to the
first embodiment, n_>n, 1s preferably met, In_-n, |<In_-n,| 1s
more preferably met, and n_>n,>n, 1s most preferably met.
Accordingly, the total reflection angle can be appropnately
adjusted, and specifically, suitable light retrieval 1s achieved
compared to the light reflecting region of the translucent
insulating film at the boundary of the protective film and the
semiconductor structure at the first layer of the light retriev-

ing window region.

EXAMPLE 3

The light emitting element shown 1n FIG. 5 1s manufac-
tured similar to example 1 (first embodiment) other than that
the translucent insulating film 1s arranged on both the first
and second electrodes. The first insulating film 17 1s
arranged with the same step as the second 1nsulating film 18.

Fourth Embodiment

In the present embodiment, the third embodiment (FIG. 5)
differs in that the second layer 1s formed at substantially the
same width, shape and position as the light transmissive
insulating film in the first electrode and 1n that the cross
sectional width of the light transmissive insulating film
under the second layer 1s made short and one part 1s formed
as the projected part projected over the first layer in the
second electrode, as shown 1n FIG. 2. In this example, the
second layer (projected part) 1s formed without arranging the
light transmissive msulating film at the elongated part 44 of
the second electrode 40, and thus a structure 1n which the
light transmissive msulating film 18 1s arranged only at the
region of the external connecting part, as shown 1n the figure
1s obtained.

Compared to the third embodiment, the second layer 1s
tformed spaced apart from the covered part of the first layer
and substantially included 1n the translucent msulating film
in the first electrode, and thus light absorption and loss
reduces by the projected part, but contact resistance with the
first conductive type layer tends to increase. In the second
clectrode, the area of the first covered part of the first layer,
and furthermore, the light emitting area increases, but light
absorption occurs at the electrode elongated part 44, and as
a result, the output tends to lower. Therefore, the power
clliciency tends to lower due to increase mn VI at the first

clectrode and increase 1n light loss at the second electrode.
In the example of FIG. 2, the light emitting element of
example 1 (1A to 1C) and comparative example 1 1is
obtained, and the element characteristics enhance by arrang-
ing the translucent msulating film 17 1n the first electrode.

Fifth Embodiment

The fifth embodiment has a structure in which the size of
the LED 1s a rectangular shape of 420 umx240 um, as shown
in FIG. 15, compared to the substantially square LED shape
of a specific example (FIG. 5) of the third embodiment.
Similar to the third embodiment, the semiconductor struc-
ture 1s formed, the light emitting element structure, the
projection, and the electrode forming region are formed,
cach electrode 1s arranged, and substrate division 1s per-
formed.
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A concave-cut part of the light emitting structure 25
which 1s the forming region 21e of the first electrode 30 1s
arranged on one end side in the longitudinal direction with
respect to the region of the rectangular light emitting ele-
ment and the light emitting structure as a corner of the light
emitting structure. As opposed to the examples of FIGS. 3,
4, and 5, the electrode forming region 22¢ has a shape 1n
which one part of the light emitting structure 1s arranged
extending to one part of the side surface of the electrode 1n
the longitudinal direction. The first electrode and the second
clectrode, includes elongated parts 34, 44 extending in the
longitudinal direction from the external connecting parts 33,
43 near both ends in the longitudinal direction serving as
base points, respectively, where the respective elongated
part 1s arranged facing each other in the width direction so
as to sandwich the light emitting structure. The elongated
part of the first electrode 1s arranged adjacent to the light
emitting structure, and the other elongated part 1s arranged
up to the position spaced apart from the base point of one
clectrode 1n the longitudinal direction. The region of the first
clectrode elongated part 34 has a structure 1n which the
width of the light emitting structure 1s formed narrower than
the width of the region on the outer side thereof in the
longitudinal direction and depressed towards the inner side.
Satisfactory current spread in the longitudinal direction of
the light emitting structure 1s achieved by the elongated part.

EXAMPLE 4

In example 1, the lhght emitting element 1s similarly
manufactured other than being formed as an element struc-
ture of FIG. 15 and that the second layer of each electrode
1s a Ag retlecting electrode of N1(0.6 nm)/Ag/N1/T1/Pt/Au.
The element having characteristics as 1n table 5 below 1s
obtained by manufacturing the first electrode in which the
second layer and the light transmissive insulating film are
substantially the same shape similar to example 1 (example
4A), 1n which the first light transmissive msulating film 17
1s omitted (comparative example 4), and so as to be dis-
placed to approach the second electrode/light emitting struc-
ture portion 1 the opposing direction of the electrode
clongated part (downward direction 1n the figure), the dis-
placed amount being the distance between the end of the
projected part of the second layer and the end of the light
transmissive msulating film end of the first electrode of 2.4
um (example 4B), and 6.7 um (example 4C). The evaluation
in table 5 1s the characteristic obtained by mounting on the
light emitting device of FIG. 13B similar to table 1. Com-
pared to example 4, similar to the case of example 1, VI
tends to increase from the relationship of the contact area of
the first layer, but can be reduced by increasing the displace-
ment amount and can be reduced to the same extent (ex-
ample 4C). Therefore, increase in VI can be suppressed by
having the cross sectional width of the projected part of the
second layer to be greater than or equal to 3 um, and
preferably, greater than or equal to 5 um, and a suitable light
reflecting structure can be realized at the region (electrode
clongated part [cross sectional width of about 20 uml],
external connecting part [cross sectional width of about 100
um] of the second layer) occupying most of the other parts.
Furthermore, the light flux can be increased by 3% (example
SA), and 6% (examples 4B, C) compared to comparative

example 4, and the power elliciency can be enhanced by
about 0.5 to 2.5%.
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TABLE 5
VI[V] ¢.|mW | W.P.E|%] A [nm |
Example 4A 3.24 28.0 43.2 454.9
Example 4B 3.21 28.6 44.5 454.0
Example 4C 3.16 28.6 45.3 453.9
Comparative 3.1% 27.1 42.6 454.5
example 4

From the knowledge of example 1 and example 4, the
light flux can be enhanced by about 15% and 5%, and the
power elliciency can be enhanced by having the first and
second electrodes as structures including the light transmis-
sive msulating film and first and second layers of the present
invention compared to when the light transmissive insulat-
ing 1s not arranged in each electrode and when the structure
similar to the present invention i1s adopted for the second
clectrode.

Sixth Embodiment

The sixth embodiment has a structure i which the
clectrode forming surface side of the semiconductor struc-
ture 1s the light reflecting side, and the opposing surface side
1s the light retrieving side, as shown in FIG. 6, different from
the first to the fifth embodiments. In the example of FIG. 6,
an example of such retlecting element structure in the
present invention 1s shown. FIG. 6 A 1s a schematic plan view
of the electrode forming surface side of the light emitting
element, and FIG. 6B 1s a schematic cross sectional view
taken along line A-A of a partial region of the element of
FIG. 6 A. The external connecting parts 33, 43 of the first and
second electrodes 30, 40 are shown as a surrounding thin
line of chain dashed line 1n FIG. 6A, where the projected
part 42p of the second layer 42 of the second electrode 40,
and the isulating film opening corresponding thereto are
shown as a square in FIG. 6 A. The dimension of the light
emitting element of this example 1s a substantially square
having an outer shape of the element of 1 mmx1 mm. The
dimension of other structures such as the external connect-
ing part of each electrode 1s the dimension similar to each of
the above example excluding the light emitting structure and
the elongated part accompanied therewith related to the size
of the element.

Other differences include having an interposed part in
which the first layer 1s arranged under the translucent
insulating film and the second layer 1s conducted to the first
layer at the projected part on the outer side of the translucent
insulating film while covering the translucent insulating
film. A structure 1n which the first layer and the covered part
divided by the translucent msulating film 1n the examples of
cach embodiment described above are connected to each
other by the interposed part of the first layer interposed
between the translucent insulating film and each conductive
type layer. Accordingly, the dependency 1s lowered for the
shape etc. of the translucent insulating film to realize a
suitable current diflusion by the first layer.

In the second electrode 40, an opening 1s formed 1n the
translucent insulating film interposed between the second
layer and the first layer, the opening serving as conductive
parts (41c, 42p) between the first and second layers as a
reflecting structure covering substantially the entire surface
of the light emitting structure portion 25. The shape of the
translucent msulating film 1s not particularly limited, but a
plurality of translucent insulating films 1s arranged and the
projected parts of the second layer are arranged at the
opening 1n at least the cross section. A structure 1 which
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cach projected part 1s connected and coupled to each other
1s obtained at the covered part covering the translucent
insulating film. As shown 1n FIG. 6A, the structure in the
clectrode forming surface includes an opening, specifically,
a plurality of openings separated from each other in the
translucent insulating film. In other examples, the 1sland part
of the translucent insulating film separated from each other
on the light emitting structure portion 25 and the first layer
41, specifically, the 1sland parts and the exposed part of the
plurality of mmsulating films separated from each other can be
employed. The shape and the arrangement of the island part
of the mnsulating film, and the exposed part and the opening
of the msulating film separated from each other are not
particularly limited. In addition to the rectangular shape as
shown 1n the figure, various shapes such as circle, polygonal,
cllipse, band shape, stripe shape, lattice shape, and the like
can be taken. The arrangement may be an 1rregular arrange-
ment other than a periodic arrangement on the light emitting
structure portion 25 and the first layer 41, as shown in the
figure, and various shapes and arrangements are adopted to
obtain the desired reflecting characteristics. Preferably, the
insulating {ilm has a wider width at the cross section and a
larger area at the main surface of the semiconductor struc-
ture and the electrode forming surface than the opening or
the exposed part thereol, specifically, the first layer covered
part 41¢ covering the same and the projected part of the
second layer 42p projected thereon, as shown 1 FIGS. 6A
and 6B. Accordingly, a suitable reflecting structure 1is
obtained by increasing the proportion the retlecting region of
the mnsulating film 18 occupies. The second electrode 40 1s
preferably arranged with the covered part covering the
insulating film than having the second layer separated and
exposed at one part on the translucent insulating film.
Theretfore, the light reflecting external connecting part 1s
suitably arranged at the covered part. Specifically, the cov-
ered part 1s arranged on the insulating film 18 so that the
plurality of projected parts of the second layer 42p arranged
at the cross section are mutually connected to each other, as
shown 1n the figure. The covered part 1s preferably arranged
so as to cover the msulating film between the projected parts.
More specifically, the opening of the insulating film
arranged between the first and second layers become the
communication part between each layers, and such portion
1s filled with the projected part extended from the second
layer. Such light emitting element has the external connect-
ing part 43 such as a solder bump arranged on the second
layer covering the light emitting structure portion, and 1is
adhered to the mounting part etc. of the light emitting device
by way of the conductive adhering member. The description
has been mainly made on the second electrode, but 1s the
same for the first electrode.

At the projected part 32p, 42p of the second layer 32, 42
of each electrode 30, 40, the area in the electrode forming
surface of the projected part of the second electrode or the
width 1n the cross section of the semiconductor structure 1s
made larger than the first electrode. Suitable current injec-
tion 1s carried out to the interposed part of the first layer of
the second electrode, 1n particular, to the first layer arranged
in layers on the upper surface of the light emitting structure
portlon suitable current spreading by the 111terp0 sed part and
the 1njection to the semiconductor structure 1s carried out, so
that suitable light retlection by the insulating film 1s realized.
In the first electrode, suitable contact and current 1njection
are performed at the projected part and the first layer covered
part immediately below, and the current injecting part 1s
reduced, the insulating film part 1s enlarged, and the light
emitting structure portion 1s enlarged by having the first
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electrode smaller than the second electrode. In this case,
suitable current injection 1s carried out by preferably arrang-
ing the projected part on both sides of the insulating film,
and more preferably, at the portion adjacent to the light
emitting structure portion and furthermore on the entire
region of the outer periphery of the insulating film at the
cross section, as shown 1n FIG. 6B. As shown 1n FIG. 6A,
the extended length of the projected part of the first electrode
in the electrode forming surface 1s made longer than the
projected part of the second electrode. The number of the
projected part of the first electrode 1s made larger than that
of the second electrode, thereby suitably enhancing the
function of electricity, light emission, and reflection.

In this example, as also seen 1n the second electrode of
FIG. 7, both the interposed part and the covered part are set
as light emitting regions on the current injecting part and the
light emitting structure portion at the same extent as the
contact resistance and the covered part with each conductive
type layer at the interposed part of the first layer. The contact
resistance 1s made higher than the covered part so as to
obtain a weak light emitting region in the current suppress-
ing part and the light emitting structure portion compared to
the covered part. Furthermore, the contact resistance may be
made higher to obtain a non-light emitting region in the
current blocking part and the light emitting structure portion.
As 1n the present embodiment, in the element having the
surface side facing the electrode forming surface as the light
retrieval side, the former current injecting part (light emait-
ting region) 1s obtained so that suitable current injection to
the light emitting structure portion on one side or preferably
both sides of the exposed part of the first electrode forma-
tion. On the light emitting structure portion and the second
clectrode thereof, the entire first layer forming region 1is
made the light emitting region, and thus the current injecting
part of the iterposed part 1s preferably arranged at least on
one side, preferably, on the first electrode side, and more
preferably, on both sides with respect to the first layer
covered part.

Specifically describing such structure, the contact resis-
tance with each conductive type layer 1s made the same
extent as the contact part (covered part) on the outer side at
the interposed part of the first layer, as shown 1n FIGS. 6 and
7. Both the 1nterposed part and the outer contact part may be
the light emitting regions on the light emitting structure
portion. The above current imjecting structure 1s suitably
used m an eclement having the surface side facing the
clectrode forming surface as the light retrieval side. The
structure with weak light emitting region, high resistance
part, and current blocking part at the interposed part 1s
suitably used 1n an element having the second electrode
forming side as the light retrieval side, similar to a structure
in which the interposed part 1s not arranged and the 1nsu-
lating film 1s arranged contacting the light emitting structure
portion. Due to the step difference of the mnsulating film by
arranging the interposed part, the relevant portion 1s elec-
trically connected in place of the interposed part with respect
to the electrical insulation of the external connecting part
and the elongated part, to suitably obtain potential difference
and current spreading 1n plane. When the isulating film 1s
contacting, 1t 1s preferable to prevent light absorption by the
first layer and enhance eflect of the insulating film reflecting
mechanism. The mterposed part may be entirely arranged,
arranged partially overlapping, or partially separated under
the insulating film. The interposed part may be entirely
arranged to communicate the covered parts on both sides,
thereby lowering the potential difference on both sides and
enabling even current ijection.
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The control of contact resistance at the first layer 41 (31),
in particular, the covered region and the interposed region
thereol 1s carried out by thermal treatment annealing of the
clectrode, as described in the manufacturing method of
example 1. Specifically, in the above example, the electrode
(second layer) and the translucent insulating film covering
the first layer are covered and subjected to thermal treatment
on the p side layer of the light emitting structure portion side,
so that suitable contact resistance reduction 1s obtained at the

region exposed from the covered part (first layer covered
region) than at the insulating film covered region, and for
instance, the contact resistance of the first layer of the
interposed region 1s made higher than the first layer covered
region to obtain the current control structure. In forming the
first layer, the entire region 1s thermal treated as exposed
region, so that a substantially even contact 1s realized in
plane, and the covered region of the electrode, the insulating,
film and the like are formed thereon to obtain a structure
having the first layer forming region including the inter-
posed region as the current injecting region. Furthermore, in
the second electrode, the second layer and the translucent
insulating film covering the first layer are covered and
subjected to thermal treatment, so that suitable contact
resistance reduction of the first layer 1s obtaimned at the
second layer covered region (projected part 32p) than 1n the
region exposed from the second layer. The first layer cov-
ered region 31c under the projected part 32p of the second
layer shown in FIG. 6 realizes suitable reduction by the
interposed part, and various current control structures can be
formed using the same. In the first electrode, the contact
resistance control of the external contacting part at the
projected tends to be stronger than the contact resistance
control of the mterposed part and the external contacting
part, and the current injection control 1s preferably carried
out while controlling the arrangement and the width of the
external contacting part (covered part) with respect to the
interposed part.

Furthermore, as shown in a partially enlarged view of
FIG. 6B, the reflecting structure of the dielectric multi-layer
film 19 may be formed on the upper surface side of the
translucent film as a reflecting film structure. The light
quantity reaching the second layer 42 made of metal etc. 1s
thereby reduced and the light loss 1s reduced. The dielectric
multi-layer film 1s a dielectric multi-layer film DBR in
which at least two substances selected from at least one type
of oxide or nitride selected from a group consisting of S1, T,
Zr, Nb, Ta, Al are repeatedly stacked. In this case, the
reﬂecting layer 19 1s configured by a structure 1n which at
least a pair, and preferably, two or more pairs of films 19a,
19b having a low index of refraction and a high imdex of
refraction such as (510,/110,, S10,/Nb,O,) are alternately
stacked.

The dielectric multi-layer film reflecting structure may be
arranged on the first electrode, which 1s preferable since
suitable light retlection and light retrieval on the opposite
side (substrate side) are realized at the electrode forming
region of the non-light emitting structure portion. In this
case, each insulating film and the multi-layer film reflecting
film are formed 1n the same step 1n the first and the second
clectrodes. As shown in the figure, the multi-layer film
reflecting film may be arranged on the protective film 31,
which 1s preferably since suitable light reflection and light
retrieval on the opposite side can be realized at the electrode
exposed region exposed form the electrode other than the
(first and second) electrode forming regions. In place of or
in addition to the multi-layer film reflecting film, a metal
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reflecting film may be arranged, or such metal reflecting film

may be used for the lowermost layer of the second layer.
The above described structure and each component

thereol are applicable to the first to the fifth embodiments.

Seventh Embodiment

In the seventh embodiment, 1n the second embodiment
and the examples 2, 5, a light emitting element of substan-
tially a square (320 umx320 um) 1s manufactured similar to
examples 2 and 5 other than that the shape of the elongated
part 44 of the second electrode (p electrode) 1s as shown 1n
the second embodiment and the examples 2, 5, the number
of elongated part 1s changed from four (examples 2, 35) to
two, the translucent msulating film 18 corresponding to the
clongated part (second layer) and the electrode shape 1is
arranged, the second layer of the first electrode 1s arranged
so as to be 1ncluded 1n the translucent mnsulating film 17 as
shown 1n FIG. 9, and the exposed region 21s of the periph-
cral edge of the element 1s made to a wide width. With
reduction 1n the number of elongated part 44, the width
thereol 1s made wider than 1n the example of FIGS. 1 and 4,
or about 20 um 1n example 7.

In this light emitting element, since the number of elec-
trode elongated part 1s reduced, the area of the translucent
insulating film 18 occupying the element region becomes
smaller, and the light emitting area becomes larger, but due
to reduction in the number of electrode elongated part 44 and
reduction in the area of the peripheral edge, the current
spread tends to lower and the output tends to lower.

As shown 1n FIG. 3, this embodiment has a structure 1n
which the first electrode also includes the insulating film
forming region similar to the second electrode, and specifi-
cally, the translucent insulating film 17 1s mterposed in the
first electrode 30, and the second layer 32 and the first layer
extending part arranged between the second layer 32 and the
isulating film 17 are arranged. Therefore, 1n the present
invention, the structure similar to the second electrode can
also be applied to the first electrode, and an element of
higher output, higher efliciency, and higher power efliciency
can be obtained by such combined structure.

EXAMPLE 5

A light emitting element 1s similarly manufactured other
than having the electrode shape shown 1n FIG. 3 1n example
2. A comparative example 5 has a structure 1 which the
translucent insulating film 1s omitted compared to example
7. Different from the structure including the second layer 32
and the first layer extending part with the translucent insu-
lating film 17 interposed 1n the first electrode 30, as shown
in FIG. 3, a shape similar to the first layer shown 1s formed
with the n electrode of Ti/Rh/Au 1n this example similar to
the examples 1, 3. Compared to comparative example 6, an
clement of higher output, higher efliciency and higher power

ciliciency 1s obtained.

Eighth Embodiment

As shown 1n FIG. 11, the eighth embodiment has a light
emitting structure in which two of the electrode forming
region 21e and the first electrode 30 are arranged inside the
light emitting structure 25, where the first electrode 1is
arranged between each of the plurality of light structure
portions 25. Therefore, a structure 1 which a longitudinal
light emitting structure portions 25A and 23B, specifically,
iner light emitting structure portion 25A and two outer light
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emitting structure portions 25B are alternately arranged with
the first electrode 30 (forming region 21e¢) in the width
direction. The first and second electrodes 30, 40 have a
structure 1n which including external connecting parts 33, 43
of wide width and a elongated parts 34, 44 of narrow width
extending in the longitudinal direction therefrom. A struc-
ture mcluding the first electrode 30, and mainly, the elon-
gated part 34 with respect to each light emitting structure
portion 25A and 25B 1s obtained, where suitable current
spread and light emission can be realized. FIG. 11A 1s a
schematic plan view of the light emitting element, and FIG.
11B 1s a schematic cross sectional view taken along line A-A
ol a partial region of the element of FIG. 11A. The dimen-
s1on of the light emitting element has an element outer shape
of 800 umx800 um, and the dimension of other structure
such as the external connecting part of each electrode 1s
formed to the dimension similar to each of the above
example excluding the light emitting structure related to the
size of the element and the elongated part accompanied
therewith.

In this example, the electrode forming region 21e¢ has the
entire outer peripheral region surrounded by the light emat-
ting structure, and being separable from each other, different
from the examples (FIGS. 1, 3, and 4) described above. The
clectrode structure also has a structure including an elon-
gated part 34 extending in the longitudinal direction of the
light emitting structure portion 25A and 25B with the
external connecting part 33 as the base point. Similar to the
second electrode 40 (upper layer 42), the elongated part 4
extending in the longitudinal direction of each light emitting
structure portion 1s arranged facing each other with the
alternately arranged light emitting structure portions 25A
and 25B 1n between at the first electrode and the extending
part thereof.

In this example as well, the electrode structure of the
present invention suitably functions, and similar to the
above embodiment, a suitable light reflecting structure can
be obtaimned at the electrode forming region 21e of the
exposed part 21s surrounded by the light emitting structure
portion 1n the closed electrode forming region 22¢ as well.
A structure suitable light retrieving from regions other than
the above 1s also obtained. The present invention 1s suitably
applied to the light emitting element structure 1n which each
clectrode and the clongated part thereof or the external
connecting part and the light emitting structure portion are
arranged 1n plurals.

An element shown 1n FIG. 12 having an outer shape of
450 umx450 um will be described as a variant of the element
of large area as 1n the present embodiment. As 1n the
example of FIG. 11, the element can be understood by
partitioning a plurality of light emitting structure portions
sandwiched by the elongated parts of the first and second
clectrodes. The first electrode structure 1s the electrode
structure of the present invention, and a light emitting device
of 1501 m/W can be obtained.

Each embodiment and each configuration in the present
embodiment will be described 1n detail below, but are not
limited thereto, and each configuration may be appropriately
combined. Fach embodiment, and each configuration as well
as component described therein may also be appropnately
combined.

(Semiconductor Structure/Element Structure/Light Emit-
ting Structure)

In the structure of the light emitting element, a semicon-
ductor structure 20, specifically a layered structure having
cach of the semiconductor layers stacked 1s provided on a
substrate as shown 1n FIG. 1 and the like. A structure without
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having a substrate, which 1s obtained by removing the
substrate and the like, a structure without having a semi-
conductor layer such as an underlayer 21 other than active
region ol the element, an element region or structure pro-
vided with a conductive region in the substrate such as a
semiconductor substrate, may also be employed. In addition
to and different from the electrode arrangement shown in
FIG. 1, the first and second electrodes may be arranged on
the opposing main surfaces with the semiconductor structure
in between. The light emitting structure preferably has such
active layer or light emitting layer between the first and
second conductive type layers. Also, a structure having a p-n
junction as the light emitting part, a light emitting structure
having a p-1-n structure, a MIS structure and the like may be
employed. In addition, a semi-insulating or insulating por-
tion, an 1-type layer, or a reverse conductive type layer or
region may be provided to a part of element structure or each
conductive type layer. For example, a current blocking layer
or region formed with such as a semi-insulating or insulating
portion, or an 1-type layer, a reverse tunneling layer formed
with a reverse conductive type for contacting with an
clectrode, may be provided to the structure.

A semiconductor to serve as the light emitting structure
235, e.g. a later-described nitride semiconductor of a specific
example 1n FIG. 1, 1s formed by a growth method such as
MOVPE (metal-organic vapor phase epitaxy). Examples of
a growth substrate of the nitride semiconductor may include
a sapphire (C-plane, A-plane, R-plane), a spinel (MgAL,O,),
NGO (NdGaO,), L1AlO,, and further, a semiconductor
substrates such as Si1, S1C, GaN, or the like. Examples of the
growth method may include MOVPE and MOCVD (, and
further, HVPE and MBE. The substrate i1s preferably a
foreign substrate made of material different from nitride
semiconductor, and more preferably a light transmissive
substrate, since making the element structure where the first
and second electrodes are formed on the same plane excel-
lent 1n light extraction. For example, a sapphire substrate
and spinel substrate can be used. In using a substrate with
poor optical transparency, e.g. a semiconductor substrate
and a metal substrate, the device structure may be formed
such that a light reflection layer 1s provided between the
substrate and the semiconductor. A nitride gallium-based
compound semiconductor material 1s preferably represented
by a general formula In Al Ga, , N (wherein O=x=l,
O=y=1, and O=x+y=1), and as described later, a binary mixed
crystal or ternary mixed crystal thereof can be suitably used.
Further, as for a nitride semiconductor of each conductive
type, the n-type nitride semiconductor 1s added with, as
n-type impurities, one or more of the IV group elements, and
the VI group elements and the like, such as S1, Ge, Sn, S, O,
T1, Zr and Cd, desirably S1 and Ge. The p-type nitride
semiconductor layer contains Mg, Zn, Be, Mn, Ca, Sr or the
like as p-type impurities. Besides the nitride semiconductor,
this can also be applied to other semiconductor materials
such as a GaAs- or GaP-based compound semiconductor,
and an AlGaAs- or InAlGaP-based compound semiconduc-
tor.
|[Electrode, Electrode Structure]

As shown 1n the above example, the electrode of the light
emitting device 100 1s comprised of the second electrode 40
provided on the surface 25t of the light emitting structure
and the second conductive type layer 23s and the first
clectrode 30 provided on the first conductive type layer 22s
separated from the light emitting structure 25. The electrode
preferably has the electrode of each conductive type
arranged on the same surface side of the substrate 10, that 1s,
one main surface side of the semiconductor structure. Not
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limited thereto, a structure in which each electrode 1s
arranged on the opposing surfaces of a structure, the struc-
ture mcluding the semiconductor structure and 1n addition
including the substrate may be obtained. In this case, remov-
ing the growth substrate of the semiconductor layer of the
above example through polishing and LLO (Laser Liit Off)
may be used, where a member having the semiconductor
structure removed with the growth substrate as another
carrier 1s used as the substrate may be adopted, in which
case, another layer such as a conductive film and a light
reflective film 1s arranged between the carrier member and
the semiconductor structure.

Accordingly, the lower layer side (the first layer) of the
first and second electrodes on the light emitting structure 235
and exposed portion 21s 1s formed for ochmic contact. When
the lower layer side has a wider width and a larger area than
those of the upper layer side as shown in the examples of
FIGS. 1, 2, 4, and 35, specifically 1mn the examples of the
111ustrated the second electrode it also functions as a current
diffusion conductor. Further, a light transmissive conductive
film may be used for rendering the light extraction from the
light emitting structure desirable. Other than this, a light
transparent structure, e¢.g. a structure of a light shielding
member 1n porous or lattice form, can be used. The first layer
31 on the lower layer side of the first electrode 30 barely has
the light retrieving function since the covered region of the
first layer 1s small or 1s covered with light shielding second
layer, and mainly functions for ohmic contact. In a structure
in which the exposed region 21s and the light emitting
structure 25 are arranged in plane on the first conductive
type semiconductor, the current diffusion conductor to the
plane 1s mainly the first conductive type semiconductor
region on the lower side of the light emitting structure,
different from the first layer 41 of the second electrode
serving as a diflusing body. The elongated part 34 of the first
clectrode 30 shown 1n the fifth and the sixth embodiments
has a function of helping current diffusion of the first
conductive type layer when current injected by the projected
part even 1n the elongated part, similar to the relationship of
the elongated part of the first and the second layers of the
diffusion conductor of the second electrode 40. In each
embodiment and the structure in the figure thereol, an
example 1n which the second electrode 40 includes the
clongated part 44 1s merely shown, but the elongated part
may not be arranged, and for instance, can be omitted 1n a
small area or narrow width light emitting structure surface or
clement, specifically, an element having a width of smaller
than or equal to 250 um.

The first layers 31, 41 of the first and second electrodes
30, 40 are used 1n the element structure 1 which the light
transmissive film 1s combined with the light transmissive
insulating film to have the first and second electrode forming
side as the main light emitting side or as the opposite side to
have the opposing side as the main light emitting side. As in
the first electrode 30 of FIG. 1C, the first layer may be
omitted or the first layer may be non-translucent in the case
of the electrode structure 1n which the translucent insulating
film 1s not interposed between the first and second layers.
Examples of the light transmissive conductive film and a
p-side electrode of a nitride semiconductor include at least
one metal selected from the group consisting of Ni, Pt, Pd,
Rh, Ru, Os, Ir, Co, Ag, an alloy and a layered structure
thereol, and further, a compound thereof such as a conduc-
tive oxide or nitride. Examples of a conductive metal oxide
(oxide semiconductor) used for the first and second elec-
trodes include mdium oxide doped with tin (Indium Tin
Oxide; ITO) having a thickness of between 5 nm to 10 um,
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/n0O (zinc oxide), In,O; (ndmum oxide), and SnO, (tin
oxide), a compound thereol such as IZ0 (Indium Zinc
Oxide). Such materials are preferably used because of their
advantage 1n light transmissive properties, and a suitable
materal 1s selected according to the wavelength of light. In
addition, constituent element of the semiconductor, dopant
of the semiconductor, and the like can also be used for a
doping material for the conductive materials described
above.

As shown 1n the specific example, the translucent film
(first layer 31, lower layer side) of the first and second
clectrodes 30, 40 preferably has the same material and
structure, and more preferably, arranged in the same step,
whereby an electrode structure excelling 1n mass production
1s achieved. As 1n the above-mentioned specific example, the
metal film/reactive film (second layer 32, pad electrode,
upper layer) arranged on each of the upper layers of the first
and second electrodes 30 and 40 1s preferably made of the
identical material and has the i1dentical configuration, and
turther, 1n the 1dentical process. The material selected from
the above group (metal including one type of group, metal
alloy, stacked structure) i1s used for the metal film and the
reflective film of the electrode. The second layer and the pad
clectrode on the upper layer side of the first and second
clectrodes may be a single-layer film, but i1s preferably a
multi-layer film structure. The structure has at least two
layers: a reflection layer; and a metal layer for a pad
portion/for current diffusion, desirably at least three layers:
a reflection layer 32-1 (42-1); a barner layer 32-2 (42-2); and
a metal layer 32-3 (42-3) for the pad portion, in this order as
shown 1 FIGS. 7 to 9. It 1s preferably a structure having at
least three layers to suitably enhance the function of each
layer. The structure may include four or more layers includ-
ing an adhered layer, to be heremafter described, as shown
in FIGS. 9, or 32-1 to 32-4 and 42-1 to 42-4 in the figure.
As the reflection layer, a material with a high light reflec-
tance with respect to light emission of the element may be
used. Specific examples of the material may be Ag, Al and
Rh, and Rh 1s preferably used since being stable. Further, the
reflection layer 1s arranged on the contact side with the light
transmissive film (first layer, lower layer side). The barrier
layer prevents diflusion 1n the upper layer (a surface layer or
the pad portion) and the lower layer (the reflection layer) and
protects the layers. For the barrier layer, a material having a
high melting point such as W and Mo, elements of the
platinum group, Ni, Au or the like, preferably Pt, W, Mo or
N1, 1s used. As the material for the pad electrode, Au or Al
1s used. Although the respective film thicknesses of the
layers are not particularly limited, for example, the film
thicknesses of the layers are from 0.05 to 5 um, and formed
such that the reflection layer 1s thinner than other layers
(upper layers thereof) and the barrier and pad layers on the
upper layer side thereof are relatively thicker than the
reflection layer. Further, each of the above layers may be
configured using a multilayer film 1n addition to a single
film, or as shown 1n FIG. 9, the layers are configured such
that a protective layer and an adhesion contact layer, such as
T1 and N1, may be interposed between each of the layers and
between the first layer and the layers so that the second layer
1s composed of not less than four layers (32-1 to 324, 42-1
to 42-4). Specific examples may include a structure where
Rh/Pt/Au, Al/Pt/Au, T1 (thin film adhesion layer)/Rh (re-
flection)/Pt (barnier)/ Au (surface layer), Al (reflection)/ W/
Pt/Au (surface layer), or N1 (thin film adhesion layer)/Ag
(reflection)/N1/T1/Au are laminated 1n this order.

As shown 1 FIGS. 7 and 8, the second layer may have a
cross section of a trapezoidal shape width a wide width on
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the first layer side 1n terms of manufacturing, and as shown
in the figure, a structure 1n which the side surface of the light
emitting structure side 1s inclined at the upper side with
respect to the light emitting structure side surface adjacent to
the second layer of the first electrode 1s obtained by stacking
the upper layer so as to cover the upper surface side surface
on the lower layer side, whereby directivity and axial light
intensity by light reflecting eflect can be enhanced compared
to the multilayer structure shown 1n FIG. 9. Meanwhile, the
second layer may have a structure in a rectangular shape,
inverted trapezoidal shape in the cross section, with an
inverted inclined plane. A desired shape can be obtained
with the conventionally known manufacturing method such
as mask maternial and shape, and film forming condition.
(Protrusion, Optical Structure Portion)

A structure portion such as the protrusions 60 having
optical functions such as reflection, scattering and diffrac-
tion may be provided to a surface thereof between the first
clectrode 30 and the light emitting structure 25 as shown 1n
FIGS. 9 and 12, for example, a side surface 61 and 62, a
upper surface or the like of a trench or recess 26p, or to a
light extracting portion of the semiconductor structure or a
surface of substrate. It 1s preferable because the light extract-
ing efliciency can be improved. A recess/protrusion structure
may be provided on a surface of the semiconductor structure
in a similar way as the recess/protrusion structure 11 on the
surface of substrate 10 as shown 1 FIGS. 2 and 7. Such
optical structure 1s preferably formed with a light transmis-
sive material with reduced light absorption and loss such as
a recess/protrusion structure provided by a protective film 51
on the exposed surface 21s of the first conductive type
semiconductor layer. A planar shape and a planar configu-
ration such as circular, elliptic, square or rectangular, par-
allelogram, triangular, hexagonal or honeycomb shape and
lattice 1s suitably selected to obtain a high density configu-
ration. In addition, the cross-sectional shape thereof may be
such as trapezoidal or inverted trapezoidal, rectangular as 1n
a similar way as the second layer of the upper side of the
clectrode. When the planar shape of these structural com-
ponents such as a protrusion, recess, and groove has a width
of 0.5 to 5 um, preferably 1 to 3 um, preferable production
can be performed.
|Light Transmissive Member 50, Protective Film 51, Seal-
ing Member/Covered Member 52, Light Transmissive Insu-
lating Film 17, 18]

As shown 1n FIGS. 1B to 1D, 2, 4, 5B, 7, 8, and 11B,
preferably, an opening for opening the external connecting,
part 33, 43 of each electrode 1s arranged, and an insulative
protective film 31 for covering substantially the entire
surface of the other element region 1s formed. As shown 1n
the example of the light emitting device heremafter
described, the light emitting element 1s preferably covered
with the translucent member 50 such as the covered member
52 for covering the element or the semiconductor structure,
or sealed with the sealing member 52. The protective film 51
arranged on the semiconductor structure, 1n particular, on the
clectrode forming surface side 1s preferably made as few as
possible. Furthermore, as shown 1n the figure, 1t 1s preferably
the translucent member 50 including at least the protective
film 51 and the covered member 52 covering the outer part
thereol. The protective film 1s formed with light transmissive
material when having the element structure side as the main
light retrieving side. As shown 1n FIGS. 1B to 1D, and 2, the
shape of the opening may a shape that opens the upper
surface of the electrode, specifically, one part (external
connecting part) of the second layer. As shown in FIGS. 7
and 8, a mode of covering the lower layer side (translucent

10

15

20

25

30

35

40

45

50

55

60

65

36

first layer) of the electrode, and arranging the upper layer
side (second layer) of the electrode spaced apart from the
end of the protective film 1n the opening may be adopted. A
mode of covering the translucent conductive film on the
lower layer side formed with a relatively thin film, 1n
particular, a mode of covering at least the first layer covered
region 1s prelerable in the present invention. More prefer-
ably, a mode of covering at least the msulating film end and
the outer edge thereof or the thin film parts 17a, 18a or the
boundary region of the covered region and the insulating
film region 1s adopted. The material of the protective film
material includes S1, Mg, Al, HT, Nb, Zr, Sc, Ta, Ga, Zn, Y,
B, Ti, and furthermore, compounds thereof such as oxide,
nitride, and fluoride, specifically, oxide and nitride of sili-
con, aluminum, oxide of niobium, and dielectric film, which
are conventionally known. The material having high trans-
lucency, and desired index of refraction or extinction coet-
ficient k, preferably k=0 1s appropriately used according to
the wavelength of the light of the light emitting element.
Similar to the translucent insulating film, the region cover-
ing the protective film, in particular, the first layer covered
part has a film thickness of at least A/2n,, more preferably,
greater than or equal to A/n, 1n order to enhance the light
reflecting function, similar to the translucent msulating film.
The protective film and the translucent insulating film may
be formed at different film thickness.

In the present invention, the relationship of the index of
refraction between each translucent film, specifically, the
first layer, the translucent insulating film translucent mem-
ber, the protective film, and the sealing/covered member and
the semiconductor structure i1s preferably n >n, to obtain a
satisfactory reflecting structure. Here, n_ 1s the index of
refraction of the semiconductor structure, in particular, the
vicinity of the insulating film forming surface (21s, 23s, 25t)
thereof, and n, 1s the index of refraction of the translucent
insulating film, where n, described below 1s the mdex of
refraction of the translucent member (protective film etc.), in
particular the protective film. Preferably, n >n, 1s met, in
particular, the protective film of the first layer covered region
to obtain a suitable light reflecting structure at the covered
region. Preferably, a suitable reflecting structure 1s obtained
with a mixed structure of the first layer and the protective
film 1n the reflecting region by n,>ns,.

Furthermore, as shown 1n the light emitting device of the
above examples and the ninth embodiment, n, ,>n,; 1s met
with respect to the protective film (index of refraction n, ,)
having the light transmissive member (index of refraction
n, ) arranged i the semiconductor structure so that a
suitable mndex of refraction distribution to the outside from
the first layer 1s formed on the light path. A suitable
reflection 1s obtained 1n the vicinity of the interface of the
protective film and the sealed/covered member near the
upper end of the reflecting region in the reflecting structure
of the present invention. From a different standpoint, In_—
n,|<In-n, ;| 18 more preterable, and n,>n,>n; 1s most
preferable. Accordingly, the total reflection angle can be
appropriately adjusted, the reflectance of the reflecting
region can be enhanced, and specifically, a suitable light
retrieval 1s realized at the boundary of the protective film and
the semiconductor structure 1n the first layer covered region
of the light retrieving window region compared to the light
reflecting region of the translucent insulating film.

The translucent insulating made use material similar to
the protective film. The film thickness 1s not particularly
limited, but 1s about 10 nm to 1 um, and the film having low
index of refraction is preferably greater than or equal to 200
nm as shown mn example 2 in terms ol light reflecting
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function. The metal reflecting film may be arranged on the
insulating film, specifically, between the nsulating film and
the second layer or the surface of the msulating film as the
reflecting structure, or the reflecting function can be given to
the lowermost layer (32-1, 42-1) of the second layer, as
described above.

|[Examples of Electrode Structure]

Other configurations or other embodiments of each con-
figuration and member of the present invention will now be
described using FIGS. 7 to 9. FIGS. 7 to 9 are schematic
views showing a cross section of one portion in the light
emitting element of the present invention, and particularly
describe the light emitting structure portion 25 and the
adjacent exposed part 21s, as well as the first electrode
forming region 21e arranged therein.

As shown 1n FIGS. 7 to 9, a structure in which the
translucent insulating has a small film thickness at the ends,
and a large film thickness on the mner side 1s preferably
adopted to enhance the adherence of the first layer, the
second layer, and the protective film of the upper layer at the
vicinity of the ends. Specifically, the thin film part 1s formed
on at least one end, preferably, both ends at the cross section,
and on at least one part, preferably, the entire outer periphery
of the outer edge in the electrode forming surface. Accord-
ingly, the eflects are suitably exhibited at the upper layer, 1n
particular, the vicinity of the covered region of the first layer
(FIGS. 8 and 9) arranged across the step diflerence between
the insulating film and the surface of the semiconductor
layer, and between the covered part and the projected part 1n
the second electrode, 1n particular, 1n a mode including the
second layer or the first layer bridged over a plurality of
isulating film openings as 1 the sixth embodiment
described above 1n the case of the first electrode (FIG. 8), as
shown 1n FIGS. 8 and 9. Furthermore, as shown in FIG. 9,
in the case of the second layer spaced apart from the covered
region of the first layer, the division at the step diflerence can
be avoided, and thus 1s preferable. The optical distribution in
the boundary region between the first layer covered region
and the msulating film forming region 1s made smooth, and
thus 1s preferable. Such thing film part 1s formed through 11t
of T by the inclination at the end face of the mask, over
etching under the vicinity of the end of the mask, and the
like.

In the present invention a mode of arranging the translu-
cent 1insulating film wunder the -electrode, specifically,
between the second layer or the first layer and the semicon-
ductor structure has been mainly described in each of the
above embodiments and examples. In addition, the first layer
(interposing region) interposed between the translucent
insulating film and the semiconductor structure, in particu-
lar, the insulating film and the light emitting structure
portion 25 may be arranged as in the sixth embodiment
(FIG. 6) and FIG. 7.

As shown 1in FIGS. 7 to 9, and FIGS. 2 and 3, the
reflecting structure of the second electrode 1s also applicable
to the first electrode. In this case, the second layer may be
formed spaced apart from the first layer covered region 31c,
as shown 1n FIGS. 2, 8, and 9, or formed as a structure
arranged with the projected part 32p of the second layer 1n
which the second layer 32 1s projected over the first layer
covered region 31c on the outer side of the insulating film,
as shown i1n FIG. 7. A suitable ohmic contact 1s obtained
with the first conductive type layer, and the contact resis-
tance and the forward voltage can be reduced by arranging,
the extending part 32p. In the case of the second electrode,
a structure eflective in ohmic contact 1s obtained 1n a mode
of not including the projected part and being spaced apart
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from the first layer covered region 41c, preferably, a mode
of being included in the msulating film and spaced apart
from the end of the msulating film, which 1s suited for light
extracting structure 1n the light emitting structure portion
described above.

The covered part of the second layer for covering the
insulating film 1s not particularly limited, but 1f the external
connecting part 33, 43 1s arranged thereon, as shown 1n
FIGS. 1 and 2, the external connecting part 1s formed with
a wide cross sectional width and requires a large area
compared to other portions such as the electrode elongated
parts 34, 44 shown in FIG. 11, and thus, the external
connecting part 1s preferably arranged on the covered part so
that a suitable light reflection 1s obtained at the external
connecting part of wide width and large area, and excellent
impact resistance in time of external connection, and adher-
ence with the first layer and the translucent insulating film of
the lower layer are achieved.

The basic structure 1s a structure in which the first layer
and the second layer overlap each other at least at one part
and are electrically connected 1n both the first and second
clectrodes, and 1n which the second layer and the translucent
insulating film also overlap each other at least at one part. In
addition, 1n the examples of FIGS. 2, 3, and 7 to 9, the first
layer (extending part 31e, 41¢) and the second layer (cov-
ered part 32¢, 42¢) preferably overlap each other at least at
one part on the translucent insulating film in terms of
adherence and electrical characteristics. In this case, a mode
in which the second layer contact and cover the insulating
film and the first layer 1s adopted, and furthermore, the
second layer 1s preferably formed only on the first layer.
Each layer of the electrode extending to the outer side of the
translucent insulating film preferably adopts a mode in
which the electrode part extending to one side in cross
section or to one part of the outer periphery 1n the electrode
forming surface, preferably, the electrode part extending to
both sides of the cross section or to substantially the entire
outer periphery, 1n particular, the covered region of the first
layer 1s arranged 1n at least the translucent 1nsulating film,
and furthermore, 1t 1s extended to the extending part on the
insulating film. If the overlapping of the first and second
layers 1s at the outer side of the insulating film as in the
second electrode of the sixth embodiment (FIG. 6B) and
FIG. 7, influence of disconnection of the first layer and the
like does not arise, and mutual conduction 1s achieved. In
this case, a mode 111c1ud111g the first layer extending part on
the msulating film as 1n the first electrode of FIGS. 3B and
7, or a mode including the first layer interposed part as 1n the
first electrode of FIGS. 6B and 7 may be adopted. A mode
in which partial or entire 1nterposed part 1s not formed,
partial or entire mnsulating film contacts the semiconductor,
and connects to the second layer at the first layer covered
part on one side or both sides of the insulating form may be
adopted.

(Arrangements of the First and Second Layers, and the
Insulating Film)

In the present invention, the first layer 31 (41) and the
second layer 32 (42) merely need to overlap each other, and
vartous modes may be adopted as a structure of being
arranged at one part of the first layer, as shown in FIG. 10.
For instance, a mode 1n which the first layer (solid line 1n the
figure) and the second layer (dotted line in the figure)
partially overlap and the second layer extends to the outer
side of the first layer (A 1n the figure); a mode 1n which the
second layer 1s included in the first layer as described 1n
FIGS. 7 and 9 (B 1n the figure); a mode 1n which the first and

second layers are separated from each other (C 1n the figure),
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a mode 1n which the first and second layers are shortened 1n
the elongating direction (D 1n the figure) may be adopted,

and modes 1n which the first layer and the second layer are
reversed 1n such modes may be adopted.

In the mode of A, the msulating film 17 1s displaced to one
light emitting structure portion side from the center or the
clectrode forming region 21e, and 1s arranged so that the
distance becomes closer. The current 1s 1njected with priority
to the light emitting structure portion on the far distance side
than the light emitting structure portion on the close distance
side. This 1s because the projected part of the second layer
1s arranged on the far distance side and the msulating film 17
projecting out from the second layer 1s arranged on the near
distance side. Thus, the second layer, and furthermore, the
first layer are arranged at equidistance from the center of the
clectrode forming region 21e or the light emitting structure
portion, and moreover, the first layer covered part 1s
arranged on each light emitting structure portion side. A
current control structure of current injecting with priority to
the light emitting structure portion on the side arranged with
the projected part of the second layer than the non-arranged
side or the side 1n which the cross sectional width of the
projected part and the area of the electrode forming surface
1s small 1s obtained. In FIG. 15, a structure in which the
projected part 1s arranged on the light emitting structure
portion side and not arranged on the element outer edge side,
and current 1s injected with priority to the light emitting
structure portion side 1s shown. In FIG. 11, a structure 1n
which each projected part 1s formed at substantially equal
width 1n the light emitting structure portions 25A and 235B
(25B-1 and 25B-2) sandwiching the elongated part, and
more preferable, arranged at substantially equal width at the
entire region of the outer periphery of the msulating film,
and most preferably, arranged at substantially equal distance
at the entire region of the inner periphery of the electrode
forming region at the elongated part 33 1s obtained, as shown
in B of FIG. 10. More preferably, such structures are adopted
in the external connecting part 34. Accordingly, a structure
for achieving even current and light emission 1s realized at
cach light emitting structure portion. The light emitting
structure portion sandwiching the electrode forming region
has been described, but application can also be made to the
light emitting structure portion adjacent to the electrode
(forming region). A projected part may be arranged at the
end of the electrode elongated part at the connecting part, the
connecting part connecting the light emitting structure por-
tion adjacent to the end of the electrode elongated part and
cach light emitting structure portion sandwiching the elon-
gated part, as shown 1n D of FIG. 10, and such region may
be set as the preferential region. Furthermore, as in the
example of C 1n the figure, the projected part adjacent to the
light emitting structure portion on both sides may be dis-
tributed and each distributed part may be set as the prefer-
ential region. The above description 1s mainly made on the
first electrode, but may be suitably applied to the second
clectrode by applying the structure of the projected part of
the second layer and the elongated part (second layer) as
described above.

Ninth Embodiment

FIG. 13 describes the light emitting device 200. A light
emitting device 200 mounted with the above-mentioned

light emitting device 100 1s described. As shown in FIGS.
13A and 13B, the light emitting apparatus 200 1s structured
such that the light emitting device 100 1s placed on a light
emitting device mounting portion 173 of a substrate/region
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201 for mounting. Examples of the mounting substrate
include a stem 210 for a light emitting element, a ceramic
substrate for surface mounting, and a plastic substrate.
Specifically, a mounting substrate made of AIN or a sub-
strate made of a metal 1s preferably used, because a light
emitting device having high heat dissipation can be
obtained. A mounting surface 173 to be mounted with the
semiconductor light emitting element 100 1s made of metal
material to realize a light emitting device having suitable
light directivity for retlecting light extracted to the outside of
the light emitting element. The mounting surface where the
semiconductor light emitting element to be mounted 1s made
of a metallic material so that the light extracted from the
light emitting device 1s reflected from the mounting surface
and a light emitting device having suitable directivity of
light can be obtained. At an inner surface of the device where
the emitted light reaches, such as a mounting surface having
the light emitting element mounted thereon and the reflect-
ing surface 203, a metallic material 1s used for a lead
clectrode 210 and the like. Examples of the metallic material
include such as Ag, Al and Rh, and a plated film or the like
may be formed. In an example of the light emitting device,
as shown i FIG. 13, the semiconductor light emitting
clement 100 provided with a metalized layer 170 such as a
reflection layer, eutectic solder, and an adhesive layer 180 on
the second main face 1s mounted on the device mounting
portion 173 of the substrate of the apparatus, a housing 220
by thermal compression bonding or the like via the adhesive
layer 160. Further, the device is structured such that lead
clectrodes 210(a, b) of the light emitting device 200 are
connected to the respective electrodes 210 by wires 250 or
the like to seal the light emitting element by a sealing
member 230. It should be noted that reference numerals 120
and 110 1n the figure correspond to the layer 20 1n the light
emitting element and the substrate. Further, light emitting
device 1s sealed by a translucent sealing member 230 which
seals together with the light emitting device, or by hermetic
sealing or the like. In the case of air tight sealing, the
translucent member may be configured only with the pro-
tective film. The example of FIG. 13B 1s structured such that
the sealing member 230 also serves as a substrate material
of the device. A transparent resin, glass and the like having
excellent weather-resistance such as an epoxy resin, a sili-
cone resin, and a fluorocarbon resin may be used as a sealing
member and a covered member. A material such as a solder
such as a eutectic solder, a eutectic material, and an Ag paste
may be used as the adhesion member 180 other than such
resin materials.

Further, a reflection layer 70 may be provided as a
metalized layer on a face opposed to the semiconductor
structure on the substrate. The reflectivity of the light tends
to increase by arranging the reflecting layer at the back
surface of the substrate, and preferably, a light emitting
clement 1n which the second main surface of the substrate 1s
exposed may be achieved. The adherence member may
adopt a mode of being arranged as a substrate side adherence
layer on a metalized layer of the substrate.

Various emission colors can be obtained by providing a
light converting member, which 1s capable of converting at
least a part of light from the light emitting element, 1n the
sealing member 230, covered member covering a light
emitting elements, translucent member or the like, which 1s
provided on a light path between the light emitting element
and the light outputting portion such as the emission portion
223 1n FIG. 13 of the light emitting device 200. Examples of
the light converting member 1include a aluminate fluorescent
material such as a YAG fluorescent material which 1s suit-
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ably used for white light emission by combining a blue LED,
a nitride fluorescent material or a silicate fluorescent mate-
rial converting light in near-ultraviolet to visible light to
light 1n yellow to red region, or the like. Especially, for a
high luminance, longtime operation, a fluorescent material
having a garnet structure such as TAG and TAG, for
example, (Re, Sm ),(Al, Ga )0, ,:Ce (O=x<l, O=y=l,
where Re represents at least one element selected from the
group consisting of Y, Gd, La and Tb) and the like are
preferably used. Examples of the nitride-based fluorescent
material and the oxynitride-based fluorescent material
include Sr—Ca—S1—N:Eu, Ca—S1—N:Eu, Sr—S1—N:
Eu, Sr—Ca—S1—0O—N:Eu, Ca—S1—O—N:Eu, Sr—S1—
O—N:Eu or the like, and represented by a general formula
L, S1yN5/3x,43p): B0 or LS1;O N 3 v 4/3y- 237 Eu (Where
L 1s one selected from among Sr, Ca, Sr, and Ca). A light
emitting device having desired emission color can be
obtained by suitably using the fluorescent material described
above or other fluorescent materials.

The semiconductor light emitting element of the present
invention 1s suitably used 1n display, optical communication,
light emitting diode for emitting ultraviolet light or red light
optimum as a light source of OA equipment, semiconductor
device that exits electromagnetic wave having a wavelength
region other than the above, and display, 1llumination etc.
using the same.

We claim:
[1. A semiconductor light emitting element comprising:
a first conductive type semiconductor layer;
a second conductive type semiconductor layer;
a first electrode being arranged on the first conductive
type semiconductor layer;
a second electrode being arranged on the second conduc-
tive type semiconductor layer; and
a light transmissive insulating film being positioned to
overlap at least a part of the first electrode or the second
electrode,
wherein at least the first electrode or the second electrode
includes both a first layer and a second layer, the first
layer and the second layer being laminated in this order
from the first conductive type semiconductor layer side
or from the second conductive type semiconductor
layer side,
the second layer comprises an external connecting part
and an electrode elongated part which extends from the
external connecting part, and
the light transmissive isulating {ilm has the similar shape
as the second layer, 1n a plan view of the semiconductor
light emitting element.]
[2. The semiconductor light emitting element according to
claim 1,
wherein the light transmissive insulating film 1s located
along the electrode elongated part of the second layer,
in a plan view of the semiconductor light emitting
element.]
[3. The semiconductor light emitting element according to
claim 2,
wherein an arrangement of at least the external connecting
part or the electrode elongated part 1s 1nside an area
where the light transmissive msulating film 1s located,
in a plan view of the semiconductor light emitting
element.]
[4. The semiconductor light emitting element according to
claim 2,
wherein an arrangement of a part of at least the external
connecting part or the electrode elongated part 1s out of
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an areca where the light transmissive insulating film 1s
located, 1n a plan view of the semiconductor light
emitting element.]

[5. The semiconductor light emitting element according to

claim 4,

wherein the first layer and the second layer are laminated
outside the light transmissive insulating film.]

[6. The semiconductor light emitting element according to

claim 1,

a width of the electrode elongated part 1s formed to be
narrower than a width of the light transmissive 1nsu-
lating film, 1 a plan view of the semiconductor light
emitting element.]

[7. The semiconductor light emitting element according to

claim 1,

wherein the first electrode and the external connecting
part of the second electrode are arranged diagonally, 1n
a plan view of the semiconductor light emitting ele-
ment.J

[8. The semiconductor light emitting element according to

claim 1,

wherein the first conductive type semiconductor layer 1s
an n-type layer, and the second conductive type semi-
conductor layer is a p-type layer, respectively.]

[9. The semiconductor light emitting element according to

claim 1,

turther comprising a substrate on which the semiconduc-
tor structure 1s deposited thereon,

wherein a recess/protrusion structure 1s formed between
the semiconductor structure and the substrate.]

[10. The semiconductor light emitting element according

to claim 1,

wherein the light transmissive insulating film 1s posi-
tioned between the second conductive type semicon-
ductor layer and the second layer of the second elec-
trode, 1n a cross sectional view of the semiconductor
light emitting element.]

[11. The semiconductor light emitting element according

to claim 1,
wherein a thickness of the first layer 1s smaller than a
thickness of the light transmissive insulating film, 1n a
cross sectional view of the semiconductor light emit-
ting element.}
[12. The semiconductor light emitting element according
to claim 1,

wherein the first layer includes Indium Tin Oxide.]

[13. The semiconductor light emitting element according
to claim 1,

wherein the second layer includes Au.]

[14. A semiconductor light emitting element comprising:

a first conductive type semiconductor layer;

a second conductive type semiconductor layer;

a first electrode being arranged on the first conductive
type semiconductor layer;

a second electrode being arranged on the second conduc-
tive type semiconductor layer; and

a light transmissive insulating film being positioned to
overlap at least a part of the first electrode or the second
electrode,

wherein, the light transmissive insulating film has a larger
{1lm thickness at an inner area than a film thickness at
a perimeter area, 1n a cross sectional view of the
semiconductor light emitting element,

at least the first electrode or the second electrode includes
both a first layer and a second layer, the first layer and
the second layer being laminated 1n this order from the
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first conductive type semiconductor layer or from the
second conductive type semiconductor layer,

the second layer comprises an external connecting part,
and

the external connecting part 1s positioned to overlap at
least a part of the light transmissive msulating film 1n
a plan view of the semiconductor light emitting ele-
ment.J

[15. The semiconductor light emitting element according

to claim 14,

wherein the first electrode and the second electrode are
arranged on a same plane side of the semiconductor
structure, 1n a plan view of the semiconductor light
emitting element.]

[16. The semiconductor light emitting element according

to claim 14,

wherein the first conductive type semiconductor layer 1s
an n-type layer, and the second conductive type semi-
conductor layer is a p-type layer, respectively.}

17. A semiconductor light emitting element comprising:

a semiconductor structure comprising:

a n-type semiconductor layer, and
a p-type semiconductor layer,

a first electrode arranged on the n-type semiconductor
layer,

a second electrode arranged on the p-type semiconductor
laver, wherein the second electrode includes a first
laver and a second layer, the first layer and the second
laver being laminated in this ovder from a p-type
semiconductor layer side; and

a light transmissive insulating film positioned to overlap
at least a part of the second layer of the second
electrode, the light transmissive insulating film being
positioned between the p-type semiconductor layer and
the second electrode, and the light transmissive insu-
lating film being made of a material that is transmissive
to light gemerated in the semiconductor structure,
wherein:

the first layer is arranged on the p-tvpe semiconductor
laver and the light transmissive insulating film,

the first layver comprises a light-transmissive conductive
metal oxide,

the second laver comprises a metal,

in a plan view of the semiconductor light emitting ele-
ment, an outer perimeter of the first laver is located
outward of an outer perimeter of the second laver and
outward of an outer perimeter of the light transmissive
insulating film,

the second laver comprises an external connecting part
and an electrode elongated part that extends from the
external connecting part,

in the plan view of the semiconductor light emitting
element, a shape of the light transmissive insulating
film is similar to a shape of the second layer, and

a refractive index of the light transmissive insulating film
is smaller than a refractive index of the p-type semi-
conductor layer, such that the light generated in the
semiconductor structure is veflected by the light trans-
missive insulating film.

18. The semiconductor light emitting element according
to claim 17, wherein, in the plan view of the semiconductor
light emitting element, the light transmissive insulating film
is located along the electrode elongated part of the second
layer.

19. The semiconductor light emitting element according
to claim 18, wherein, in the plan view of the semiconductor
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light emitting element, the electrode elongated part is
entively inside an area of the light transmissive insulating

film.

20. The semiconductor light emitting element according
to claim 19, wherein, in the plan view of the semiconductor
light emitting element, the first electrode and the external
connecting part of the second electrode ave arranged diago-
nally.

21. The semiconductor light emitting element according
to claim 19, further comprising a substrate on which the
semiconductor structure is disposed, the substrate compris-
ing a recess/protrusion structuve at a surface of the substrate
that contacts the semiconductor structure.

22. The semiconductor light emitting element according
to claim 19, wherein, in a cross sectional view of the
semiconductor light emitting element, a thickness of the first
layver is smaller than a thickness of the light transmissive
insulating film.

23. The semiconductor light emitting element according
to claim 19, wherein the light-transmissive insulating con-
ductive metal oxide includes Indium Tin Oxide.

24. The semiconductor light emitting element according
to claim 19, wherein the metal of the second layer includes
Au.

25. The semiconductor light emitting element according
to claim 19, wherein, in a cross sectional view of the
semiconductor light emitting element, a width of the external
connecting part is larger than a width of the electrode
elongated part.

26. The semiconductor light emitting element according
to claim 19, wherein the n-type semiconductor layer and the
p-type semiconductor laver are made of a nitride gallium-
based compound semiconductor material vepresented by a
general formula In Al Ga, . N (wherein O=x<l, Osy<l, and
O<x+y=l).

27. The semiconductor light emitting element according
to claim 26, wherein a refractive index nl of the first layer,
a vefractive index n2 of the light transmissive insulating film,
and a refractive index ns of the semiconductor structure,
satisfy a rvelationship ns>ni>n2.

28. The semiconductor light emitting element according
to claim 19, wherein the first electrode and the second
electrode are located on a same side of the semiconductor
structure.

29. The semiconductor light emitting element according
to claim 19, wherein, in the plan view of the semiconductor
light emitting element, the semiconductor light emitting
element has a vectangular shape having longitudinal sides
and lateral sides, the longitudinal sides being longer than
the lateral sides, and the electrode elongated part extends
from the external connecting part in a direction parallel to
the longitudinal sides.

30. The semiconductor light emitting element according
to claim 19, wherein, in a cross sectional view of the
semiconductor light emitting element, the second layer has
a trapezoidal shape with a wider width on a first layer side.

31. The semiconductor light emitting element according
to claim 19, wherein a thickness of the first layer is in a
range of about 10 to 500 nm.

32. The semiconductor light emitting element according
to claim 19, whevein the light transmissive insulating film is
made of Si0.,.

33. The semiconductor light emitting element according
to claim 19, wherein a thickness of the light transmissive
insulating film is in a range of about 10 nm to 1 um.
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34. The semiconductor light emitting element according
to claim 19, wherein a thickness of the second layer is in a
range of about 0.3 to 1.5 um.

35. A semiconductor light emitting element comprising:

a semiconductor structure comprising:

a n-type semiconductor layer, and
a p-type semiconductor layer;

a first electrode arranged on the n-type semiconductor
layer;

a second electrode arranged on the p-type semiconductor
laver, wherein the second electrode includes a first
laver and a second layer, the first layver and the second
laver being laminated in this ovder from a p-type
semiconductor laver side; and

a light transmissive insulating film positioned to overlap
at least a part of the second layer of the second
electrode, the light transmissive insulating film being
positioned between the p-type semiconductor layer and
the second electrode, and the light transmissive insu-
lating film being made of a material that is transmissive
to light gemerated in the semiconductor structure,
wherein:

in a cross sectional view of the semiconductor light
emitting element, a film thickness of the light transmis-
sive insulating film at an inner avea of the light trans-

missive insulating film is larger than a film thickness of

the light transmissive insulating film at a perimeter
area of the light transmissive insulating film,

the first layer is arranged on the p-type semiconductor
laver and the light transmissive insulating film,

10

15

20

25

46

the first laver comprises a light-transmissive conductive
metal oxide,

the second layer comprises a metal,

in a plan view of the semiconductor light emitting ele-
ment, an outer pervimeter of the first layer is located
outward of an outer perimeter of the second layer and
outward of an outer perimeter of the light transmissive
insulating film,

the second layer comprises an external connecting part
and an electrode elongated part that extends from the
external connecting part,

in the plan view of the semiconductor light emitting
element, the external connecting part is positioned to
overlap at least a part of the light transmissive insu-
lating film,

the electrode elongated part is positioned on the light
transmissive insulating film,

in the plan view of the semiconductor light emitting
element, the electrode elongated part is entively inside
an area of the light transmissive insulating film, and

a refractive index of the light transmissive insulating film
is smaller than a refractive index of the p-type semi-
conductor laver, such that the light generated in the
semiconductor structure is veflected by the light trans-
missive insulating film.

36. The semiconductor light emitting element according

to claim 35, wherein the first electrode and the second
electrode arve located on a same side of the semiconductor
structure.
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