1 LI GHT-EM TTI NG DEVI CE, METHOD FOR MAKI NG THE SAME, AND NI TRI DE

SEM CONDUCTOR SUBSTRATE BACKGROUND OF THE INVENTION 5 Field of the

I nvention The present invention relates to a light-emtting device, a nethod
for making the same, and a nitride sem conductor substrate. Mre
specifically, the present invention relates to a light-enitting device
formed froma nitride sem conductor, a nethod for making the sane, and a
nitride sem conductor 10 substrate. In the present invention,

"1'ight -em tti nglGEYViEMITTING D CICE oMETHED ROR it KONGETHEESA M) AR
essentially froma nitride sem conductor substrate and a sem conduct or

| ayer | am nated thereon, NITRT®N SENMICHIDEIOTOR SUBSIERATE sealed in resin in
whi ch a sem conductor chip is nounted on a nounting part. Furthernore, the
termmay refer to both of these neanings at 15 the sane tinme. Al so, a

sem conductor chip may be referred to sinply as'a "chip". Aso, in a chip,
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di odes (LEDs) are currently widely used for 20 illum nation in conpact
el ectroni & dé&ldebtheylniventioportabl e information terminals, but there is the
prom se that these diodes may be used in the future for illum nation of

| ar ge spaces or dfkeapredent anoattidnorehteswous dightrehrttiey dpeic€sa mwthbérfge
areas, the LED light output nust be increased. 2
making the same, and a nitride semiconductor substrate. More specifically, the
present invention relates to a light-emitting device formed from a nitride
semiconductor, a method for making the same, and a nitride semiconductor
10 substrate. In the present invention, "light-emitting device” may refer to a
semiconductor element formed essentially from a nitride semiconductor
substrate and a semiconductor layer laminated thereon, or may refer solely to
a device sealed in resin in which a semiconductor chip is mounted on a
mounting part. Furthermore, the term may refer to both of these meanings at
15 the same time. Also, a semiconductor chip may be referred to simply as a
"chip". Also, in a chip, a substrate and an epitaxial layer formed thereon may
be referred to simply as a "substrate".
Description of the Background Art
White light-emitting diodes (LEDs) are currently widely used for
20  illumination in compact electronic devices such as portable information
terminals, but there is the promise that these diodes may be used in the future

for illumination of large spaces or areas. In order to allow use in large spaces

or large areas, the LED light output must be increased.



One nethod for significantly increasing light output is to efficiently
output the light generated within the LED to the outside, i.e., to inprove
the Ilight extraction efficiency. Exanples of technol ogies for inproving

| ight extraction efficiency in this manner include: a light-emtting device
in which a 5 groove is formed fromthe syrface of a nitride sem conductor

| ayer to a substrate near a p-electrode fornmed on a nitride sem conduct or

| ayer |am nated on the substrate (see Japanese Lai d-Open Patent Publication

Nunmber 2004-8793Q).;. and a, l.i ght -em tting device,in which a l.igh reflection
surface is forne ﬂgnglaeg}ﬁ%dclgogﬁllgpé@gea ntct)jfy gnc bty oJl’tggto %BEF ' tP rero}i%mﬁngﬁrface
on 10 which a nitride sem condyctoy.layer_is lamnated (e.g., see Japanese
Lai d- Open PA{RM; tbﬂglmtc%&qeweadméw %WOLEEG'@B .Ouféﬂﬁnég-e%?_éfpﬂl-"@ﬁége Pat ent
Publ i cation Nunber 2004-87930 described above gives as exanpl es of nethods
for form ng lighsovetzactimy effiabneyy; Exemplest ofi teghnalngiept for aimprsving lightol vi ng
a | aser; and nechani cal nethods 15 involving dicers, scribers, or the I|ike.

Al so, Japaneseractibneffd¢ndyanhahis mAnbkr daludm aNigHiemi2604 156128 8n alidstea
describes the formng the reflection surface on the back surface of the

substrat ¢ asrgodl OVErmed Frdin VRN 3REHC 10S$ nifdd | RhitHidi@i? BlyeRlto dhese
conventional” technol ogi es, however, have the follow ng problems. 20 If
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Irooves, CO%&IFI)I!}I)LII' 38049].898%/0 ; ::ind a light-emitting device in which a light reflection
surface is formed'on a back surface of a substrate opposite from a surface on
10 which a nitride semiconductor layer is laminated (e.g., see Japanese Laid-
Open Patent Publication Number 2004-56088).

Japanese Laid-Open Patent Publication Number 2004-87930 described
above gives as examples of methods for forming grooves: dry etching; wet
etching; an optical method involving a laser; and mechanical methods

16 involving dicers, scribers, or the like. Also, Japanese Laid-Open Patent
Publication Number 2004-56088 above describes the forming the reflection
surface on the back surface of the substrate as a groove with a V-shaped cross-
section using a dicer.

These conventional technologies, however, have the following problems.

20  If etching is used to form grooves, an adequately high etching rate cannot be
used, although this depends on the material used in the nitride semiconductor

substrate. In such cases, forming deep grooves within a practical etching time

is difficult. Also, when etching is used to form grooves, controlling groove



shape (e.g., the angle fornmed at the bottom of the groove between the facing
side walls) is difficult. If grooves are forned with a nmechani cal nethod
such as with a dicer, the dicing surface (i.e., the side walls of the
groove) acquires a |layer damaged 5 by processing or a region wth danaged
crystal planes. Wen this happens, adequate em ssion of light fromthe side
wal | surfaces of the groove becones difficult due to the influence of the
altered layer or the like. As a result, adequate inprovenent of |ight

ext ract | on’ hLCiEROHH e bl aCld bttt SHLCBobS: BBRell 0] Gkl 10

The object o resent Jinvention 1s to overcone these problens and to

provide a light-emtting device with inproved |ight extraction efficiency, a
nmet hod for rf'g%waﬁ%)ﬁadé]@ﬁ’éﬁ‘ and a nitride sem conductor substrate that can

be used in nakin? the sanme. 15 SUMVARY OF THE | NVENTION A light-emtting
devi ce accor di ng1f &raones prefamed; withn? ireerhagical mejhed sugh s wh dedicen
including: a nitride sem conductor substrate; an n-type nitride

sem conduct dhel|daging surfage fiie. sthensile vallsfddbe grawebhcduicesna layetelamaged

sem conductor substrate; a p-type nitride sem conductor |ayer positioned

further f5r oyt procdsbing bf iadfegS@irivath duataged Scupsthl plahes OMIREthik halphend)- t ype
nitride semconductor layer; and a light-emtting | ayer positioned between
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| ayer. The p-type nitride sem conductor [ayer side is down-noun
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adequate improvement of light extraction efficiency in the light-emitting
device is made difficuit.
10 The object of the present invention is to overcome these problems and to
provide a light-emitting device with improved light extraction efficiency, a

method for making the same, and a nitride semiconductor substrate that can

be used in making the same.

15 SUMMARY OF THE INVENTION
A light-emitting device according to the present invention is a light-
emitting device including® a nitride semiconductor substrate; an n-type nitride
semiconductor layer on a first main surface side of the nitride semiconductor
substrate; a p-type nitride semiconductor layer positioned further from the
20  nitride semiconductor substrate compared to the n-type nitride semiconductor
layer; and a light-emitting layer positioned between the n-type nitride
semiconductor layer and the p-type nitride semiconductor layer. The p-type

nitride semiconductor layer side is down-mounted and light is released from a



surface of the nitride sem conductor substrate. A groove is forned on the
second main surface of the nitride sem conductor substrate. An inner
perimeter surface of the groove undergoes surface treatnment in order to 5
snooth the inner perineter surface. Since a groove 80 is fornmed on the

second main surface, which is the light4exit surface of the nitride
sem conduct or substrate, |ight can be extracted fromthe side walls of the
groove 80 as well. As a result, |ight usage efficiency of the
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surface treatnent operation can inprove or renove the processing- damage

| ayer or regiesimatier tsusfagstefl thearooemagdergopersurfaneptreatmetein tdrdes tof ace
treatnment involves renoving a certain thickness fromthe surface |ayer of
t he secomd msmoovth biid Afer pefidddtel sgrfadee | nner perinmeter surface of the
groove, in order to snmooth the inner perinmeter surface of the groove, 20
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removed.) As a result, the reduction of |ight extraction efficiency fromthe
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light- from the side walls of the groove 80 as well. As a result, light usage efficiency

of the light-emitting device can be improved.

10 Furthermore, since the groove formed on the second main surface,
which is the light exit surface, includes a section on which surface treatment
was performed in order to smooth the inner perimeter surface of the groove,
even 1if a layer that was damaged during processing or a region with crystal
face damage or the like is formed when the groove is formed on the second

15 main surface, this surface treatment operation can improve or remove the
processing-damage layer or region with crystal face damage. (For example,
when the surface treatment involves removing a certain thickness from the
surface layer of the second main surface, including the inner perimeter surface
of the groove, in order to smooth the inner perimeter surface of the groove,

20 these processing-damage layers or regions with crystal face damage can be
removed.) As a result, the reduction of light extraction efficiency from the
second main surface caused by a processing-damage layer or the like can be

prevented.



emtting device including: a nitride sem conductor substrate; an n-type
nitride sem conductor layer on a first main surface side of the nitride
sem conductor substrate; a p-type nitride sem conductor |ayer positioned
further fromthe 5 nitride sem conductor substrate conpared to the n-type
nitride sem conductor layer; and a lighg-emtting |ayer positioned between
the n-type nitride sem conductor |ayer and the p-type nitride sem conduct or
| ayer. The p-type nitride sem conductor |ayer side is down-nounted and
light is rel eased f{: . i j [ i uf; e
opposite fromt h% gléﬁﬁﬁﬁﬁc?%qgﬁkgbgy f afﬁ%e %%%%éelﬁg%%ﬁ%éc%%?&
substrate. A side surface,of. the nitride. sem conduyctor substrate.includes a
oped sur t EBVERR JeieF BARink § 5ride SRR TPHol s n 40y Bigkide
treatment is applied tqQ the sloped surface in_order to snooth the sl oped
surface. SifeBusndugiosdaxer emadinst majpfvatasn sidrokheoniridaisamigandyet®r whi ch

is 15 the light exit surface, of the nitride sem conductor substrate, |ight
can be ext rsabstaatef rpprtyhe ratrge deminohduetor lagempostivhed fpghpe dotine whar t o
the second main surface. As a result, light usage efficiency of the
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surface includes sections on which 20 surface treatnent is perfornmed in
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result, it in%tr?tfessseirgilcgn&&tgrr 1%‘{,8{‘ gidte qg dg)%(leylﬁgagtgdi ar}:ldt Egem is released from a
second main surface, which is a main surface opposite from the first main
10 surface of the nitride semiconductor substrate. A side surface of the nitride
semiconductor substrate includes a sloped surface sloped relative to the second
main surface. Surface treatment is applied to the sloped surface in order to

smooth the sloped surface.
Since a sloped surface is formed on the second main surface, which is
15 the light exit surface, of the nitride semiconductor substrate, light can be
extracted from the sloped surface in a direction perpendicular to the second
main surface. As a result, light usage efficiency of the light-emitting device can

be improved.

Furthermore, since the sloped surface includes sections on which
20 surface treatment is performed in order to improve the sloped surface, if
processing-damage layers, regions with crystal face damage, and the like were

formed when the sloped surface was formed, the surface treatment described

above can improve or remove these processing-damage layers or regions with



| ight extraction efficiency caused by the sloped surface to

processi ng-danage |ayers or the like. A nethod for naking the
light-emtting device described above is a 5 nethod for nmaking a
light-emtting device equipped with a nitride sem conductor substrate and
includes a step for formng a groove andga step for perform ng surface
treatnent. In the step for formng a groove, dicing is perforned on a
second mai n surface opposite froma first main surface of the nitride

serm conduct QL PRk %ta'ﬁla%?gg\é{glr({épltatié isgébtséﬁﬁ'é 14 hpg,ehmé L fucki@h TR 10 11

the step for ormn er surtace of the

groove is s esul t, th ht -.em deV| ce of t pr esent

i nvention cg’rpg%%@‘g“@lcgfs’ﬂé* Cl?’f‘ncyacarﬂs? cS1PR 8 & b %BB%CF?%P%IAQE’(?'@Pdl ng to
the present invention:; a groove is forned on one mai n surface; and an inner
peri meter sdayezeerdhe like 15 groove includes a section on which surface
treatnent is perfornmed in order to snooth the inner perineter surface. As a
result, when theAnntethatk fee madong uheoliglstudsittiagedeviceu destritedaalbavghis- a
emtting device, and a main surface on which the groove is formed is used as

the 1ight exhdthsdr f@Cemaking Sa p gﬁt-binecting odvideN adip ®itht td ngitelgyi ce
with high 20 light extraction efficiency. BRI EF S PTI ON OF THE DRAW NGS
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devi ce accord |ng to the present 1Invention. ayere

including a f 9erf0rm1ntgt sluq'?aceai}{*garltrggnt ?ﬁ" the step for forming a groove, dicing is

performed on a second main surface opposite from a first main surface of the
nitride semiconductor substrate upon which a light-emitting layer is formed.
10  In the step for performing surface treatment, an inner perimeter surface of the
groove 1s smoothed. As a result, the light-emitting device of the present
invention can be obtained.
In a nitride semiconductor substrate according to the present invention:
a groove is formed on one main surface; and an inner perimeter surface of the
15 groove includes a section on which surface treatment is performed in order to
smooth the inner perimeter surface.
As a result, when the nitride semiconductor substrate is used in a light-
emitting device, and a main surface on which the groove is formed is used as
the light exit surface, it is possible to obtain a light-emitting device with high

20  light extraction efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a first embodiment of an LED serving as a light-emitting



LEDin Fig. 1. Fig. 3 is a flowhart illustrating a nmethod for making a chip
used in the 5 LED shown in Fig. 1 and Fig. 2. Fig. 4 shows the state of a
waf er when chi ps having the | ayered structure shown in Fig. 2 are obtained
fromthe wafer. Fig. 5 shows the arrangenent of the electrodes shown in Fig.
4. Fig. 6 shows a first alternate exanpl® of the first enbodi nent of the 10
LED according to the present invention shown in Fig. 1 through Fig. 5. Fig.
7 shows the shape of the LED shown in Fig. 6 when seen from above. Fig. 8

shows the st@igeak o@dﬂ%ft%rt Lot iBeni@yl Ng the layered structure used in
the LED shown i?\ F(i:g. angg\@?g.e 7 aré1 oglt ained fromthe 15 wafer. Fig. 9

shows a second alternate ex | e.of the first..enmbqdinent. of the
2ccording ot noXs caieIeteR B ki R R e B g 10
shows a thi r%ﬁlt rnate exanple of the first enbodi ment of the LED
according té& @g%%éent invention shown in Fig. 1 through Fig. 5. 20 Fig.
11 is a sinplified drawi ng show ng a second enbodi ment of a GaN_substrate
accordi ng to theFpr @semtflowshamt ilbustratongiaimethod fari prkingey clipsusedan the | |
formchips used in a light-emtting device according to the present
i nventiofi. &.FI ghowin Fig 1sanpFigl ed cross-section drawing illustrating the
surface state of the inner perineter surface of grooves fornmed by dicing.
Fig. 4 shows the state of a wafer when chips having the layered
structure shown in Fig. 2 are obtained from the wafer.
Fig. 5 shows the arrangement of the electrodes shown in Fig. 4.
Fig. 6 shows a first alternate example of the first embodiment of the
10 LED according to the present invention shown in Fig. 1 through Fig. 5.
Fig. 7 shows the shape of the LED shown in Fig. 6 when seen from
above.
Fig. 8 shows the state of a wafer when chips having the layered
structure used in the LED shown in Fig. 6 and Fig. 7 are obtained from the
15 wafer.
Fig. 9 shows a second alternate example of the first embodiment of the
LED according to the present invention shown in Fig. 1 through Fig. 5.
Fig. 10 shows a third alternate example of the first embodiment of the
LED according to the present invention shown in Fig. 1 through Fig. 5.
20 Fig. 11 is a simplified drawing showing a second embodiment of a GaN
substrate according to the present invention including multiple regions that

will form chips used in a light-emitting device according to the present

invention.



Fig. 13 is a sinplified cross-section draw ng showi ng the state of the

i nner perineter surfaces of grooves after a specular finish is applied using
RIE. 5 Fig. 14 is a sinplified drawing showi ng the state of the inner
perimeter surfaces of grooves when seen fromthe direction of the arrow 90
shown in Fig. 13. Fig. 15 is a sinplifie8 drawi ng show ng an LED accordi ng
to a second conparative exanple. 10 Fig. 16 illustrates the effect of
oxygen concentration on the specific resistance of a GaN substrate. Fig. 17

shows the effect pgf %Xged‘_sﬁﬂ{)‘ﬁﬁé}i leddsQRctoh (dewid ATRALALNE (the Ourffte 400
m cron GaN substrate for light having a wavel ength of 450 nm Fig. 18 shows

the resul ts ol cTRRRULL0 dLlilllioP ULt AR AR 81AEy, ARuld ough Whi ch

current flows uni anps are f°Orne 0 bstrates with
varyi ng thicknesses d oxygen .concentrations for the LED . accordi,ng to the
bresent | nvent: ok Erie RrPBPYeq CromithiED GRueRs SRPCRIEERS Rt NI ON 20
Next, enbodi ments and exanples of the present invention will be described
usi ng fi gur asnen perimeter suriaggnef grpensedter|d specular fgh iscarniied wwps REE. ar e
assigned |like reference nuneral s and correspondi ng descriptions will not be
repeated5 9 (Fir ¥ig. ddbedi sterplifielli drawing hbvowsing thierssateesfithe iineert peaximeater LED
serving as a light-emtting device according to the present invention. Fig.
2 shows a | ayefagsh 6t grd6ddalehen seen from the direction of the arrow 90 shown in Fig.
13.
Fig. 15 is a simplified drawing showing an LED according to a second
comparative example.
10 Fig. 16 illustrates the effect of oxygen concentration on the specific
resistance of a GaN substrate.
Fig. 17 shows the effect of oxygen concentration on the transmittivity of
a 400 micron GaN substrate for light having a wavelength of 450 nm.
Fig. 18 shows the results of measuring light output and plan size
15  through which current flows uniformly when lamps are formed from GalN

substrates with varying thicknesses and oxygen concentrations for the LED

according to the present invention shown in Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

20 Next, embodiments and examples of the present invention will be
described using figures. In the following figures, like or associated elements
are assigned like reference numerals and corresponding descriptions will not

be repeated.



containing a light-emtting |layer of the LED in Fig. 1. The first enbodi nent

of 5 an LED according to the present invention will be described using Fig.
1 and Fig. 2. As showmn in Fig. 1, a layered structure containing a
light-emtting | ayer described in detail later is forned on a first main

surface side of a GaN substrate 1, and a p-electrode 12 is disposed thereon.
In this enbodi nent, p- 10 el ectrode 12 i$ down-nounted using a conductive
adhesive 14 on a lead-frane nount 2la. A second main surface |a of the GaN
substrate 1 is a surface that releases light fromthe light-emtting |ayer,
and a n- el e¢Firedembddin®end) sposed on this surface. Miultiple grooves 80
extending parallel to each other and 15 perpendicular to the figure plane of

Fig. 1 are fornmeg, [ 5 r a6 leedniadgitdide! S
formed on a flat Ql‘éée?(r:!lt %lgtﬁvsggcﬁt}ﬁgegggglr%é#aqfﬁ&pggﬁ g%gﬁré;aﬁgfﬁ }gn ttt:'leli]lg

rooves
80 and does jnot cover;.th ire surface.of the, second in surface. The
n- el ect rode dﬂmP saca?rélb%% g%l%g% prrgﬁedhl 13]/“ ﬂ%o%egi r2 8$°w§ ﬁeﬂasrgaeéﬁatr e surface
la. It is inportant that the section not vered by the 20 n-electrode 11 is
propor t i onal’PytAIRng '%wrlﬁg(i?mr %ﬁﬁ' i Fre 1 Ahgdirst AEboginpst 0
obstructed by the n-electrode is reduced, mnaki ng it possible to increase
t he rel efise aaf LED; angexding te bee pregant inveadivadvidube dascribpdeusing Fegty aud 11 is
el ectrically connected to a |lead section 21b of the 10 lead frane using a
wire 13. Th&wi2.e 13 and the | ayered structure described above are seal ed
with an epoxy-based resin 15 serving as a sealing nmenber. O the above
structure, Fig. Asshews ia Fe! Bid 1a9brdd@rh@usy &shtaimitg buightfendMihd Bayer
described in detail later is formed on a first main surface side of a GaN
substrate 1, and a p-electrode 12 is disposed thereon. In this embodiment, p-
10  electrode 12 is down-mounted using a conductive adhesive 14 on a lead-frame
mount 21a.
A second main surface la of the GaN substrate 1 is a surface that
releases light from the light-emitting layer, and a n-electrode 11 is disposed on
this surface. Multiple grooves 80 extending parallel to each other and
15 perpendicular to the figure plane of Fig. 1 are formed on the second main
surface 1a. The n-electrode 11 is formed on a flat section of the second main
surface 1la between the grooves 80 and does not cover the entire surface of the
second main surface. The n-electrode 11 is disposed at roughly the center of
the second main surface 1a. It is important that the section not covered by the
20 n-electrode 11 is proportionally large. By making the opening ratio large, the
light obstructed by the n-electrode is reduced, making it possible to increase

the release efficiency of the light released outside.

The n-electrode 11 is electrically connected to a lead section 21b of the



GaN substrate 1 to the p-electrode 12. In Fig. 2, the layered structure is
showmn 5 vertically inverted relative to Fig. 1. Referring to Fig. 2, a
n-type GaN epitaxial layer 2 is positioned on the @GN substrate 1, and an
n-type AlxGai-xN layer 3 is fornmed thereon. On top of this, is forned a
mul ti-quantumwell (MW 4 forned froman Al xGai-xN layer and an

Alxl nyGarx-yN | ayer. A p-type Al xGl-xN layer 5 is disposed between the 10
mul ti-quantumwell 4 and the AlxGai-xN layer 3. Also, a p-type GaN | ayer 6

is disposedoshbfe RsihyRewle f?:']lf‘ﬁg\lwln%y €5 and thehlﬁﬁ?éédssrt%:&%ﬁi‘% Sesckiigg@t i's

emtted at the nmulti-quantum we 4. Al so, as shown in Fi , t

p-electrode 12 is._ f d..and down- ted the p-type N_| ayer so t hat
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referring to Fig. 3 through Fig, 5, a nmethqd for king the LED shown in
Fig. 1 and ﬁh@.a%szmucwgdg%?? ﬁgawmn&m .Ofpﬁﬁ. {ayered srpsie the
illustrating a method for making a chip used in the LED shown in Fig. 1 and
Fig. 2. FigGalN sukatzate Hetodhateelettredeti.dn Kige?, thiilpgerhd ¢tmigturhds showmt ur e
shown in Fig. 2 are to be obtained fromthe wafer. Fig. 5 shows the 20
arrangenmdnt veftiddlly ietetéd edativebhoRig.iln Fig. 4. First, a substrate
preparation step (S10) shown in Fig. 3 is perfornmed. More specifically, a

GaN substrate iSREfe&ﬁhFF%BQHgIE,da nty9e. GaN fephtak{0n83.d192 idpéNnenstieh thRs MOCVD
(metal organic chem cal vapor deposition) is 11 perfornmed on the first nmain
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rayer [ an MR {Mrhea T4RRTH i wol RRGWH% REASE'Hh an ALGaLN layer
and an AlInyGaixyN layer. A p-type AlyGaixN layer 5 is disposed between the

10  multi-quantum well 4 and the Al;GaxN layer 3. Also, a p-type GaN layer 6 is
disposed on the p-type AlxGa;«N layer 5. In this structure, light is emitted at
the multi-quantum well 4. Also, as shown in Fig. 1, the p-electrode 12 is
formed and down-mounted on the p-type GaN layer 6 so that the entire upper
surface of the p-type GaN layer 6 is covered.

15 Next, referring to Fig. 3 through Fig. 5, a method for making the LED
shown in Fig. 1 and Fig. 2 will be described briefly. Fig. 3 is a flowchart
illustrating a method for making a chip used in the LED shown in Fig. 1 and
Fig. 2. Fig. 4 shows the state of a wafer when chips having the structure
shown in Fig. 2 are to be obtained from the wafer. Fig. 5 shows the

20  arrangement of the electrodes shown in Fig. 4.

First, a substrate preparation step (S10) shown in Fig. 3 is performed.

More specifically, a GaN substrate is first prepared. Then, a film-forming

method such as MOCVD (metal organic chemical vapor deposition) is



mul tiple two-layer structures consisting of a GaN | ayer and an I no. 15Gao. s5N
5 layer / an My-doped p-type Al o.2Gao. 8N | ayer serving as a clad |ayer / an
My- doped p-type GaN |l ayer). Next, this wafer can be activated to | ower the
resi stance of the My-doped p-type |layer. Then, photolithography and R E
(reactive ion etching) are performed tolatch the wafer fromthe M-doped p-
type layer side to the Si-doped n-type |ayer using a C -based gas. El enent
10 separation grooves 25 are formed through this etching as shown in Fig. 4,

and the el tRiedld BRPAra! fdin Na¥hce BROLO G QUSRI toV FARAT adgP&Rht i ON,

and lift-off are perfornmed on the back N surface, which is the second main

e oL SN AL LI AN 7

four - si ded shape when see above, post

chips at a predeternmn itch (di e). L2 (see Fig..4 a Fig.. 5. The
el oot odeSeTARE 1 Tt AR | A ﬁé‘i’yﬁpéﬁr%w@& el chﬁE?ggﬁynﬁg‘é#ng
starting fromthe bottomlayer in contact with the GaN substrate: (a Ti

| ayer / an multipjetwp-layer stragtures consishing efyerGaN tarer, andh@anGsGalssNr ate i s
heated in a nitrogen (N2) atnosphere in order to have the contact 20

resi st anée hetereean Medopal paypo ddsGhd sHnNdyéheerbagkas ardlad éayelr /tdre MgaN
substrate be a predeterm ned val ue. Next, a conductor |ayer having a

predet er m neRpbdi BARS B1alNs 1hRIENekt) tHiONVAeE diint Be thRivAtdd RS 16RDE [ta¥er to
serve as the p-electrode. For exanple, the 12 conductor |ayer can be forned

by formn N Y] ; 1 | C | rih the
G;N | ayer gvm%'? %lNgr? C%ﬁ(ﬁl téal'%I/éger g?ﬁ]dgg%ﬁ%pﬂégg‘?e%%egﬂ‘?ﬁ?ﬁ%@% %(rﬁge %ver t he

entire surf xqe%chbrg &P Sn?g% f!tzllegperﬁ'or%]e% to etch the wafer from the Mg-doped p-

type layer side to the Si-doped n-type layer using a Cl-based gas. Element
10 separation grooves 25 are formed through this etching as shown in Fig. 4, and
the elements are separated.

Next, photolithography, vapor deposition, and lift-off are performed on
the back N surface, which is the second main surface of the GaN substrate, to
form the n-electrodes 11, which have a four-sided shape when seen from above,

15 positioned at the centers of the chips at a predetermined pitch (distance) La
(see Fig. 4 and Fig. 5). The n-electrodes 11 can be formed as a layered
structure consisting of, starting from the bottom layer in contact with the GaN
substrate: (a Ti layer / an Al layer / a Ti layer / an Au layer). Then, the GaN
substrate is heated in a nitrogen (N2) atmosphere in order to have the contact

20 resistance between the n-electrodes 11 and the back surface of the GaN
substrate be a predetermined value.

Next, a conductor layer having a predetermined thickness is formed in

contact with the p-type GaN layer to serve as the p-electrode. For example, the



Fig. 5. In this case, the GaN substrate can be heated in an inert gas 5

at nosphere in order to have the contact resistance between the p-el ectrode
and the p-type GaN | ayer be a predeterm ned val ue. Next, a groove form ng
step (S20) shown in Fig. 3 is perforned. More specifically, dicing is
performed on the back surface (N surface) of the GaN substrate in order to
formthe grooves 80 having a V-shaped crldss-section. As 10 shown in Fig. 5,
the grooves 80 are fornmed as multiple vertical grooves 80a and horizontal
grooves 80b. The n-electrodes 11 are positioned on the flat surfaces

bet ween t he cgh@@t6s 1:30r chaXie formed! §ya € niing A BRI aPdreRithS3 Preddiomftined Fig. 3
is performed. More specifically, RIE surface treatnent is perforned to

apply a spe i NS 1 h r S syrhace (N, s CE)ui he GaN
substrate oﬁﬁkﬁﬁgﬁg?hegaﬁggbéémgrgufggﬁgdiﬁgﬁeuéggég}V%hggé%ﬁsg'wﬁk %he Rl E
operation can for ample,. chloring gas.(C gas), It uld b

preferabl e fp(g?(?et%ﬁgnwfiitﬁwgglgs%@r@ﬁg OB P! “iga%}’é%cre (—E‘Wgﬂ% l%rgEEfaPSm the N
surface of the G?h&substrate to be_at |l east the_ average dianeter of the
abrasive grdif 8- {hdhiy cpsry HeadaNisudpsirate iran be bgatedgnpaps BiexeEapn t he
groove form ng step (S20) described above. Then, as shown in Fig. 4 and Fig.
5, scri bbng stmopghdrerimeerdsp to Hwvecthiepconsacintksistascesbetavraengtheap-edictimdsur f ace.
The resulting chips serve as light- emtting devices. As shown in Fig. 1, a
| i ght-em ttiand thep-3pe iGalN tiyee e Byprédetepmitddrgaiube chip in the nmounting
section 2la of the lead frame so that the p- type GaN | ayer side of the chip

i's in contact W Naxt he ghRNBihARINEsleb 828 8howd IR FigndUSIjetRradhesMore 14
applied to the nmounting. section secures the |ight-
specifically, dicing is performed on the back surface (N surface) of the GaN
substrate in order to form the grooves 80 having a V-shaped cross-section. As
10 shown in Fig. 5, the grooves 80 are formed as multiple vertical grooves 80a and
horizontal grooves 80b. The n-electrodes 11 are positioned on the flat surfaces
between the grooves 80.
Next, a surface treatment step (S30) shown in Fig. 3 is performed. More
specifically, RIE surféce treatment is performed to apply a specular finish to
15 the processed surface (N surface) of the GaN substrate on which the grooves
are formed. The reactive gas used in the RIE operation can be, for example,
chlorine gas (Cl gas). It would be preferable for the thickness of the surface
layer removed by RIE from the N surface of the GaN substrate to be at least
the average diameter of the abrasive grain of the dicing blade used in the
20  dicing performed in the groove forming step (S20) described above.
Then, as shown in Fig. 4 and Fig. 5, scribing is performed so that chip

boundaries 50 emerge as side surface. The resulting chips serve as light-

emitting devices. As shown in Fig. 1, a light-emitting device is formed by



emtting device and the nount and provides conductivity. Then, after 5
performng wire bonding between the n-electrode 11 and the | ead section of
the lead frame to provide continuity, an epoxy-based resin 15 is used to
seal the structure in resin so that the light-emtting device fornms a | anp.
It would also be possible, in order to inprove heat dissipation fromthe
light-emitting device, to nount the p-thdpe GaN | ayer of the light-emtting
device so that the entire 10 surface thereof is in contact with the nounting
section in order to inprove heat dissipation fromthe light-emtting

devi ce. Al sanovidten€ eHiddhip iy ehadhinsiting settdos 2na BE tlaloAd-fRase do ghidiehee Wi t h
good thermal conductivity, and the lead frane can be a CuWbased structure

w th good c anf rapat | first
enbodi nent gﬁg?dl_l\‘égﬁék&%%gg%ﬁgﬁgwflg tn héedhgécet?g%? @%v@%ﬁ%%@ssﬁ%% ?%?Fl g. 1

t hrough Fi 9., i a of the LED

Ret or ting ¢ gpaerife hIndivd 1 RRpBHEYHD e mdaiBine B0 Moy el o,
enbodi ment of an LE accgﬂgfﬁ% to the present |nven ion mnlé be descri bed.
The LED shoPifting; devies §. mPURLs 2aBd sRFRVidgs (op decSae ThPBCERE 20 as
the LED shown in Fig. 1 and Fig. 2, except the placenment of the n-

el ectrodés Perfesming wirefoudingbetaieen she nhdectmdesliband thecledil fstetion ofithm t he
LED shown in Fig. 1 and Fig. 2. Also, in the LED shown in Fig. 6 and Fig.

7, a refl edead éramptd pradiidpoaainwty,tdreepeachdsedmesinol s iy neetcb sdd the

sem conductor chip 14 when the sem conductor chip is nounted. The nethod for

making the LgRctMATR reBinfdoOtha® tRE tight- eml&mgscie\s&%@ﬂsad lang.1T¢ woRlEaRS t he
met hod for nmaking the LED shown in Fig. 1 and
be possible, 1 in order to improve heat dissipation from the light-emitting device,
to mount the p-type GaN layer of the light-emitting device so that the entire
10  surface thereof is in contact with the mounting section in order to improve
heat dissipation from the light-emitting device. Also, the conductive adhesive
14 can be an Ag-based adhesive with good thermal conductivity, and the lead
frame can be a CuW-based structure with good conductivity.
Fig. 6 shows a first alternate example of the first embodiment of an LED
15 according to the present invention shown in Fig. 1 through Fig. 5. Fig. Tis a
plan drawing of the LED shown in Fig. 6. Referring to Fig. 6 and Fig. 7, the
first alternate example of the first embodiment of an LED according to the
present invention wiil be described.
The LED shown in Fig. 6 and Fig. 7 has essentially the same structure
20 as the LED shown in Fig. 1 and Fig. 2, except the placement of the n-
electrodes 11 near the four corners of the GaN substrate differs from the LED

shown in Fig. 1 and Fig. 2. Also, in the LED shown in Fig. 6 and Fig. 7, a

reflective cup is disposed on the lead frame to surround the semiconductor chip



Fig. 2. However, as shown in Fig. 8, the distance between the adjacent
grooves 5 80 (pitch P) is smaller than the pitch P showmn in Fig. 4, and the
nunber of the grooves 80 per chip is greater than that of the LED shown in
Fig. 1 and Fig. 2. Fig. 8 shows the state of the wafer when the | ayered
structure used in the LED shown in Figld6 and Fig. 7 is obtained fromthe
wafer. In this case, since the nunber of the n-electrodes 11 is greater, the
area 10 of each n-electrode 11 can be smaller than the area of the

n- el ect r ode whknGhe sBRiconBRcRP WD ismbiuftedl and Fig. 2. Fig. 9 shows a second
alternate exanple of the first enbodi ment of an LED according to the

present inventi ogyshowgy i ek Qﬂa]ﬁgghﬁ%”%@ﬁi &Orﬁégsg@tﬁgg‘&isﬁﬁ'r tﬂﬂqssecond

al ternat e exanpl e of e first e diment of a esent
invention will be . described. The L own in Fig. has essentially,the
same struct G?S@nglé“m € 52pre %%B’ilz%nfleﬁ%‘fg?r Ifak‘t‘i’& ﬁ%gLEQSE}’r?ﬁ'{n l‘hg‘lgsﬁa%%d of the
side walls of the grooves 80 fornmed on the second main surface |la of the
GaN subst r atée. 2. iHowaver.ascthownvey Big. §pkhe; diptagre hetwaea thechdiagent grasves he
groove 80 are fornmed froma bottomside side 20 wall 84 positioned at the
bot t om sbde 8arpittta?) nysmalled taainvéke pitchrlehewny iz Fid. 4, maakdahe waintertdi¢hsecond
mai n surface |la, and opening-side side walls 86 continuous with the

bot t om si de gsdades Balper 8Hiphia \dréted that eidtvEltie S bhawg e Fid 4@l &id. we to the
second main surface la. Wth this structure, the light output 15 exiting

5T, 1, 298 e Elancrlt Gl At s ol s g shov
essentially sflgv?n ?@ﬁg 6 and Fig. 7 is obtained from the wafer.
In this case, since the number of the n-electrodes 11 is greater, the area
10  of each n-electrode 11 can be smaller than the area of the n-electrode 11 of the
LED shown in Fig. 1 and Fig. 2.
Fig. 9 shows a second alternate example of the first embodiment of an
LED according to the present invention shown in Fig. 1 through Fig. 5. Using
Fig. 9, the second alternate example of the first embodiment of an LED of the
15 present invention will be described.
The LED shown in Fig. 9 has essentially the same structure as the LED
shown in Fig. 1 and Fig. 2, but the shape of the side walls of the grooves 80
formed on the second main surface 1a of the GaN substrate 1 is different. More
specifically, the side walls of the groove 80 are formed from a bottom-side side
20 wall 84 positioned at the bottom side and having a relatively large angle 01
relative to the second main surface la, and opening-side side walls 86

continuous with the bottom-side side wall 84 having a relatively small angle

62 relative to the second main surface 1a. With this structure, the light output



as the nmethod for making the LED shown in Fig. 1 and Fig. 2. However, in the
5 groove formng step (S20) (see Fig. 3) for formng the grooves 80 on the
second main surface la of the GaN substrate 1, dicing is performed tw ce.
More specifically, the bottomside side wall 84 is forned during the first
dicing operation using a blade where tli& angle of the bl ade edge perform ng
the dicing has a relatively small angle. Then, using a blade in which the
bl ade 10 edge has a relatively large angle, a second dicing operation is

perforned byxitidgdEbhtHe&c68E thARSsuRackiaClant Be ghdatst tiiCiig IRRE AEDN Was
performed to form the opening-side side walls 86. The depth to which the

bl ade edge gHbienliRtEQe th ond nain surface la of the GaN substrate 1 is
| ess than t%e cﬂ#tin%:th&ﬁﬁguéed in the first dicing operation. Referring

to Fig. 9, this sults n the 15 gr s, 80 f.orred.fromthe bottomside
S de val s 84 hadtndrahed i makne HeldiB5p07 18 B SRPARALY BOSTHE Second
mai n surface and openjng-side side__walls 86 _having. an angle 02 relative to

a pl ane par &8Ite¢ meshed, foranaking tha LD shewndr Fagweard f3e. 2. ever,dndBe anot her
way, the side walls of the grooves 80 are forned in two stages with

di fferent amybays foxrhimghaep 692Qi(cke Bigd8) fualfbuniyg 2@ gmovesHd opths sgosd de si de
walls 86). Also, it would be possible to reverse the sequence of the first
di ci ng oper atdianswtitret he ofedrnGall cubgrapel Adice idqseforbed adeveMorég. 10
shows a third alternate exanple of the first enbodi ment of an 16 LED

E_Ccor di ng t QpéifcAllye BBt bdtiHRMdOBidRNUN 84 ififBrmdd (MO RLE st %-icih%i ng
ig. 10, the third alternate exanple of the first enbodinent of the LED

according t%p&l@%io?lr ﬁ&ﬁgta ibﬁ‘é’&“’th%Pe %Uar%?e %?%ﬁé'ﬂig&lg edge performing the

dicing has a relatively small angle. Then, using a blade in which the blade

10 edge has a relatively large angle, a second dicing operation is performed by

tracing the sections on which the first dicing operation was performed to form

the opening-side side walls 86. The depth to which the blade edge cuts into the

second main surface 1la of the GaN substrate 1 is less than the cutting depth

used in the first dicing operation. Referring to Fig. 9, this results in the

15 grooves 80 formed from the bottom-side side walls 84 having an angle 61

relative to a plane parallel to the second main surface and opening-side side

walls 86 having an angle 02 relative to a plane parallel to the second main

surface (where 82 < 01). Stated another way, the side walls of the grooves 80

are formed in two stages with different angles (the bottom-side side walls 84

20 and the opening-side side walls 86). Also, it would be possible to reverse the

sequence of the first dicing operation and the second dicing operation

described above.

Fig. 10 shows a third alternate example of the first embodiment of an



The LED shown in Fig. 10 has essentially the same structure as the 5 LED
showmn in Fig. 1 and Fig. 2, except that the arrangenent of the grooves
formed on the second main surface la of the GaN substrate 1 is different.
More specifically, in the GaN substrate 1, the grooves are formed on the
GaN substrate 1 along the sections that will formthe outer perineter
sections of the chip, and the chip is olft ai ned fromthe wafer along these
grooves. As a 10 result, sloped surfaces 92 are forned at the outer
perimeter section of the chip fromone of the side walls of the grooves.
Wth this StIEDadtddiig {hegidesent investisd ahéwt 6¢h &gl NeghdoghtFipes.pesidizcul ar
to the second nain surface la can be nade |arger conpared to a structure in

whi ch grooveggand, $hoRftkds hSrmith f &G@ple (F ARCErSULHAGEMeR" 6f RRE H@HTEd On
the second marn surface la of the GaN 15 substrate 1. Thus, the |ight output

emtted perQ@ﬁ%h%g%@éﬁ%3”£Q$“§3&%ﬁgF%§th%§&%L%§§bla can be increased

conpared to ironal” tec y. e ne d for making the LED shown
in Fig. 10 is essentially the, me t he met hod for naking the LED shown
in Fig. 1 and Fi jieziﬁﬁom in Tig l‘ﬂz‘a@r%é%t“f fhh §R TR T RENE aéstgé Fig.
3) for form ng the grooves 80 on the 20 second nain surface |a of the GaN
substrat & 1,LER shawniia Bier floankb digl B regceiethag the dsvanasmeant pf3be (meweri g. 4).
Then, after the surface treatnent step (S30), the chips resulting fromthe

scri bi ng opdomhédon the sacbhé ndightrface thiofi ghad@uNcaibsataoand is differgnt. Mbre Af t er
the chips are forned through scribing in this manner, 17 the side walls of

the grooves ghe¢ifiesllal @Nghd I dubsh@un dar ihes grvéP it tifmed | AP eHe TWNaces 92
al ong the outer perinmeter sections of the chips. (Second enbodi nent)
substrate 1 along the sections that will form the outer perimeter sections of
the chip, and the chip is obtained from the wafer along these grooves. As a
10  result, sloped surfaces 92 are formed at the outer perimeter section of the chip
from one of the side walls of the grooves. With this structure, the light exit
surface releasing light perpendicular to the second main surface la can be
made larger compared to a structure in which grooves and sloped side surfaces
(sloped surfaces) are not formed on the second main surface la of the GaN
15 substrate 1. Thus, the light output emitted perpendicular to the second main
surface la can be increased compared to the conventional technology.

The method for making the LED shown in Fig. 10 is essentially the
same as the method for making the LED shown in Fig. 1 and Fig. 2. However,
in the groove forming step (S20) (see Fig. 3) for forming the grooves 80 on the

20  second main surface la of the GaN substrate 1, dicing is performed along the
chip boundaries 50 (see Fig. 4). Then, after the surface treatment step (S30),

the chips resulting from the scribing operation form the light-emitting device

shown in Fig. 10. After the chips are formed through scribing in this manner,



In the first enbodi nent descri bed above, chips forned by scribing the 5 GaN
substrate 1 are nounted into lead frames to formlight-emtting devices.
However, in sonme cases, handling nay be made easier by not splitting the GaN
substrate 1 into chips used in light-emtting devices, e.g., by handling as
a single substrate as showmn in Fig. 1147 which the grooves 80 have been
formed on the GaN substrate 1 and the surface treatnent step (S30) (see
Fig. 3) has 10 been perfornmed. Fig. 11 is a sinplified drawi ng show ng a

second enbo N substr cgor di rese |nv t|on
cont ai ni ng %%T%I Pl ‘évghi?' écég‘ﬁsgsrf’?]‘éets %&ﬁeaf%@% éﬁ?qﬁblpu%’ EHIE?S §¢1 for ?l ng
devi ces accordi the res i nvention. As. sho Fig. 11, nmultiple
grooves 80 él eag?“ﬁé ﬂ%@g tg%eawa H?ﬁﬁqﬁet§ﬁ??cé{9é‘sl"£q‘%{h18% is one of the
mai n surfaces of the GaN 15 substrate 1. Al so, surface treatnment is

per f or med ofSedend cadodimeni)n surface. As a result, the inner peri meter
surfaces of the grooves 80 have been snoothed due to the renoval of a

predet er mi ned t hirwkhe $igstoémbbéinsaitf degeribed abotd) ehanf fobmed thiesaibihgahe
treatment operation, e.g., RIE By handling these nmultiple chips in the

form of ghe G&@Nsﬁymatreai 8rel mdehdEirth léa't‘d ﬁakﬂete. B Rorh NEHE- eﬁ}ikﬁhgh@megg ps 20

becone easier to han le. [First exanple] In order to study the advant ages of

the 1 Tght eidid g MRES0Ls WIBaRE SR8 LAETLLEDYy WP SRR dene | bed

bel ow were pr epare e | ues When a
pr edet er m ned curre

pedet o1 g Ut s, SPGB sty e Brchered somplagu L] be’
sanpl e single substrate as shown in Fig. 11 in which the grooves 80 have been formed
on the GaN substrate 1 and the surface treatment step (S30) (see Fig. 3) has
10 been performed. Fig. 11 is a simplified drawing showing a second embodiment
of a GaN substrate according to the present invention containing multiple
regions that will form chips used in light-emitting devices according to the
present invention. As shown in Fig. 11, multiple grooves 80 are formed on the
second main surface la, which is one of the main surfaces of the GaN
15 substrate 1. Also, surface treatment is performed on the second main surface.
As a result, the inner perimeter surfaces of the grooves 80 have been smoothed
due to the removal of a predetermined thickness of the surface layer thereof by
the surface treatment operation, e.g., RIE. By handling these multiple chips in
the form of the GaN substrate 1 before it is split up, these multiple chips
20  become easier to handle.
[First example}

In order to study the advantages of the light-emitting device of the

present invention, the samples described below were prepared and blue light



is equi pped essentially with the same structure as the LED shown in Fig. 1
5 and Fig. 2. The nethod for making the LED of the first invention sanple is
al so essentially the sane as the nmethod for making the light-emtting device
described with reference to Fig. 3 through Fig. 5. This will be described in
nore detail below (SI-1): A GaN off-suld$trate with a 0.5 deg offset from
the c-plane was 10 used. The oxygen concentration of the substrate was
5E18/ cnB, the dislocation density was | E7/cnR2, and the thickness was 400

mcrons. (Shufput vARiel Obé@WMnRdsh@MewREnSa preddtePmasl teERE Ik hpplidR
surface, which is the first main surface of the GaN substrate, using MOCVD

(et al org%}&’ %%8%%%%9$%mggﬁe§jﬁb%gped n-type GaN | ayer / an

Si - doped n-type ayer serving as a clad |ayer / an MQW

lti- t 1), .. f d b agkKi h .t wo- | .St t
Consi stimg of o ESRPY RYERGG ] The P ot-ESHmEdy oMot 4RV anioagpetPlh- ype

Al 0. 2Gao. 8N | ayer serving as a_clad |layer / an My-doped p-type GN | ayer)
(Sl -3): Thelefpnippad espartiallyy witdnthensame stmgtym athq BEDphowmiin Kigs &r * was
activated to |l ower the resistance of the My-doped p-type layer. The carrier
concent r at i amdbEiged. Ghe Habthodefas manvgtthe IaED o EbZ/fows ifwmtionesavypldaped
p-type Al o.2Go. 8N | ayer, and 1E18/cnB for the My- doped p-type GaN | ayer.

19 (51.5): Udsdongssphakiy ithéegmapdytiansietidd for aagkingerhie TR teptitfiy detide S
waf er was further etched fromthe My-doped p-type |ayer side to the Si-doped

n-type |ayelqolsitid #ith rdté%de 985Fig. 3 through Fig. 5. This will be described in
more detail belo;av.

(81-1): -A GaN off-substrate with a 0.5 deg offset from the c-plane was

10  used. The oxygen concentration of the substrate was 5E18/cm3, the dislocation
density was 1E7/cm?, and the thickness was 400 microns.

(S1-2): The following layered structure was formed on the Ga surface,
which is the first main surface of the GaN substrate, using MOCVD (metal
organic vapor deposition): (an Si-doped n-type GaN layer / an Si-doped n-type

15  Alp2GagsN layer serving as a clad layer / an MQW (multi-quantum well)
formed by stacking three two-layer structures consisting of a GalN layer and an
Ino.15GagssN layer / an Mg-doped p-type Alp2GaosN layer serving as a clad
layer / an Mg-doped p-type GaN layer)

(S1-3): The emitted light wavelength was 450 nm.

20 (81-4): This wafer was activated to lower the resistance of the Mg-doped
p-type layer. The carrier concentration based on Hall measurements was
5E17/cm3 for the Mg-doped p-type Alp2GaosN layer, and 1E18/cm? for the Mg-

doped p-type GaN layer.



This etching formed the el enent separation grooves 25 as shown in Fig. 5 4,
and the elenents were separated. The width L3 of the el enent separation
grooves was 100 microns. (SlI-6): Photolithography, vapor deposition, and
lift-off were performed on the N surface at the back surface, which is the
second main surface of the GaN substrati® to formn-electrodes (see Fig. 4
and Fig. 5) at a pitch as shown 10 in Fig. 4 of distance L2 = 2 nmat the
centers of the chips with a square shape when seen from above with the

sides having a Wi(sifh):OUsi@n%BtoﬁltHégl%gﬁy m&rmsf(gﬁgg\xgi ﬁﬁomﬁing),Fp;jgt he

n-el ectrode, a layered structure was Torned as starting m t he
bottom | ayer_isn._contact W strate. l: a.20,n i d.ayer ./ a 100
nm Al | ayer ‘yMér ﬁv(?snf%r |rleéct;]§?n§m§%§83“€nﬁqo % e{t ?)hgyef@ fgst %1 (%Oé)gfled in a
ni trogen (N2) at ;ios her. e, (rﬁ ulténg in a contact resistance of at |east
1E-5Q cnR. F8perpyerniing AL 1pasedghf-ode, an Ni | ayer was forned in contact
wth the p- type GaN layer with a thickness of 4 nm and an Au layer with a
t hi ckness of 4 Aiisetshing forned vhe elemerdrseparationr graovest Hensshows e Fig.g. 4
and Fig. 5). This was 20 heated in an inert gas atnosphere to set the

cont act Besids tamdcihet dembnt?werisepatSledSThe Wadoh Ih of 1l slemepe sémuaeidnt 0 form
the grooves 80 with V- shaped cross-sections on the N surface of the
substrate. b&Fekivid 10 Fidend, the groove depth T3 was set to 200 microns,
the angle O forned between the side 20 walls of the grooves 80 and a pl ane

parallel to the .80 R e ¢ S . o 60
deg, and the pit g%f@‘g%%@#%g{d%p}géﬁt%a% gg%(gsﬁ?%oé@vgg&tgéﬁ vfeg@@%aﬁ)%ﬁngbons'
Al'so, for t rE)Ei\l %eclhns%.r a%g ra{%‘tt g rﬂ)’aclg1 sgi' alcer] %vl?llcﬁqg tlvl\fa tsgco%ﬁ main surface of the
GaN substrate, to form n-electrodes (see Fig. 4 and Fig. 5) at a pitch as shown
10 in Fig. 4 of distance L.2 = 2 mm at the centers of the chips with a square shape

when seen from above with the sides having a width of length D of 200
microns (200 microns(d). For the n-electrode, a layered structure was formed
as follows, starting from the bottom layer in contact with the GaN substrate 1:
(a 20 nm Ti layer / a 100 nm Al layer / a 20 nm Ti layer / a 200 nm Au layer).
15 This was heated in a nitrogen (Ng) atmosphere, resulting in a contact
resistance of at least 1E-5Q-cm?2.
(S1-7): For the p-electrode, an Ni layer was formed in contact with the p-
type GaN layer with a thickness of 4 nm, and an Au layer with a thickness of 4
nm was formed over the entire surface thereon (see Fig. 4 and Fig. 5). This was
20 heated in an inert gas atmosphere to set the contact resistance to 5E-4£2-cm?.
(81-8): Then, dicing was performed to form the grooves 80 with V-
shaped cross-sections on the N surface of the substrate. Referring to Fig. 4, the

groove depth T3 was set to 200 microns, the angle 6 formed between the side



aver age abrasive grain dianmeter of 10 mcrons was used. As a result, 5

i ndentations and projections having a height corresponding to the average
abrasive grain dianmeter of the dicing blade were forned on the inner
perimeter surface (side wall surface) of the grooves 80 formed by the dicing
operation, as shown in Fig. 12. Fig. 1240 a sinplified cross-section
drawing illustrating the state of the surface of the inner perineter
surface of the 10 grooves forned by the dicing operation. (51-9): Then, a

specul ar 1injah Meag‘l}l?%xiﬁ%%dﬁ% 0d Jthke bardie tgrtﬂégé&% mat é‘?‘%ﬁeg\ﬂ ¢he' face)

of the GaN substrate t he grooves 80 were or med

speci ficall the spbstra S N ed.i r ocessi.n cont ai ner of
2 RIE dovi e 5bitiieha o B BOcRR. 4B ThEiich P hRER R e BT
was performed with the follow ng, processing conditjions: the pressure in the
processi ng &O¥a§ $Rérto RAY “§1§’E°”tsog§i9’ %F&?‘P diqipg opgyationda disieg blaggvithvan\y t he
reaction gas was 100% chlorine (COs) gas; the flow of the reaction gas,

i .e., the chiverdgee ajrasiveresaBD dawetqrs phnhmiiccens wesnused.. ds, a0redit,| i ters
/ mn); and the processing time was 160 m nutes. Since the etching rate 20
of the N&surihdastatibnd hadColjedtivak rivdving avheighd domrdspondingt foethidackragss of
the surface |layer of the N surface renoved by this surface treatnent (R E

processi ng) JWegsiAP Pl "BhfleYerl bf MHe! ASng ASlade ' REM torBSd SHPWRe! thekd- 13
and Fig. 14, the inner perineter surfaces (side wall surfaces) of the

grooves 80 é)%r?f%tgr Eﬁgﬁces He Qv:ﬁ?’ is‘alt}ﬁ%é) gl %rgg &8 éé&ecd‘ﬂfr‘ %E% f(fi&g'gt he

-surface |ayer. I's a sinp I'ed cross-3section awl ng” show ng-t he
St ol NGRS, B B Fe 1ARE. Th AN oA S BEHLS'

llustrating the state of the surface of the inner perimeter surface of the

10  grooves formed by the dicing operation.

(81-9): Then, a specular finish was applied using RIE to the processed
surface (N surface) of the GaN substrate 1 on which the grooves 80 were
formed. More specifically, the GaN substrate 1 was mounted in a processing
container of an RIE device so that the N surface faced uwpward. Then, RIE
15 processing was performed with the following processing conditions: the

pressure in the processing container was set to 20 mTorr; the applied power
was 100 W, the reaction gas was 100% chlorine (Cl2) gas; the flow of the
reaction gas, i.e., the chlorine gas, was 50 scem (standard ce / min) (ie., 0.05
liters / min); and the processing time was 160 minutes. Since the etching rate
20  of the N surface of the GaN substrate 1 was 70 nm / min, the thickness of the
surface layer of the N surface removed by this surface treatment (RIE
processing) was approximately 11 microns. As a result, as shown in Fig. 13 -

and Fig. 14, the inner perimeter surfaces (side wall surfaces) of the grooves 80



Fig. 14 is a sinplified draw ng showing a state of the inner perineter
surface 5 of the groove as seen fromthe direction of arrow 90 in Fig. 13.
As can be seen fromFig. 13 and Fig. 14, the inner perineter surface of the
grooves 80 after specular finishing is forned with relatively flat curved
surface sections 93 connected to each &iher. The curved surface sections 93
extend along the direction that the grooves 80 extend (in the direction
that a line following the 10 vertex position at the base of the grooves 80

extends). Thise &m@a&aﬁh'um%raﬂnovaioftda%mmégm bet cAdiacesy curved

surface sections 93 also extend in the direction that the grooves

extend. As an be seen m_Fi 2 through 1 the in peri meter
surfaces of hésgarolmghﬁﬁ ar Sg%é‘gn ﬁ{)%vf gb ‘ﬁl@g A%ecs&?ta?r Fet:tﬁ s}ﬁntfr‘
performed using RIE 5 (S Then, as shown jn Fig. 4 and Fig

scri bi ng waPeFERGIET fudacss © ttﬁ%grqoﬂ%s éﬁ?baﬁﬁ%@%‘?b%h%ﬁ%ﬁ eéll‘tfén%ﬁi aces,
and the resuLtlgg chips were wused to formlight-emtting devices. The

| i ght - eni tt ifig- tbis g eiplified deaveingfsbomang wistatezol|thghnnerpenmetes aurface t hat
was 1.9 mm' (a square with 1.9 mm sides), and the light-emtting | ayer was
1.9 mt. 5Morof thegedove Galdeyn fidne the diebtidiOol drrotv ¥ fixr PledBr Adeasibdasevas 1. 9
mm and the scribe line pitch (length of a chip side) was L2 = 2 nm Al so,

the el enent fagRarig! wrangrmgvuvmt thrleB perikiiler BuAhENSE tlﬁan dob&s 8 Qffar D of
each side of the n-electrode was 200 microns (the n-electrode was 200

m cr OnSA) ﬁeétﬁ&r H%Shlﬁ? i5'8¥a H%l%hgrelagtlveg I (PJ ?&‘%{%ﬁ%’ %%8901%0 ghat the
p-type ayer si of The ch I'p cones 1 nto con he nDuntlng
f?;:]![ ongE. ? Icﬁfﬁnﬁ%%cf élgee}rdqaf 51; er, t[‘?lef(?urr\% sur%acg hstecﬁglllg t9I ngx rexc\{ Ifﬁong tp\ee
direction that the grooves 80 extend (in the direction that a line following the
10  vertex position at the base of the grooves 80 extends). Thus, boundary lines 91
at the boundaries between adjacent curved surface sections 93 also extend in
the direction that the grooves 80 extend. As can be seen from Fig. 12 through
Fig. 14, the inner perimeter surfaces of the grooves 80 are made smooth by the
specular finishing performed using RIE.
15 (S1-10): Then, as shown in Fig. 4 and Fig. 5, scribing was performed so
that the chip boundaries 50 form side surfaces, and the resulting chips were

used to form light-emitting devices. The light-emitting device chips were
formed with a light release surface that was 1.9 mm[] (a square with 1.9 mm
sides), and the light-emitting layer was 1.9 mm{J. More specifically, the length
20 L1 of a p-electrode side was 1.9 mm, and the scribe line pitch (length of a chip
side) was L2 = 2 mm. Also, the element separation groove width L3 = 100
microns, and the width D of each side of the n-electrode was 200 microns (the

n-electrode was 200 microns{J).



t he nount were secured using the conductive adhesive 14 applied to the 5
nmounti ng section, thus providing continuity. (S1-12): In order to inprove
heat dissipation fromthe light-emtting device, nmounting is perforned so
that the entire surface of the p-type GaN |ayer of the light-emtting
device was in contact wth the nounting2gection. Also, an Ag-based

adhesi ve, which has good thermal conductivity, was used, 10 and a CuW based
| ead-frame, which has good thermal conductivity, was used. As a result, the

obtai ned heat regj;sipnag mwilfiw%%%is( Ship L3ds nfwx&mrsgqglﬁte the Wi He bONd

was used between the n-el ectrode the | ead section o [ead"Trane to

provi de- con el . Akl AR, k.. 8L TR Lr o CAe A gL PR, dpvi o DY

seal ing the structure in resi an“epox e .

conparative sanpl.e) An LED according to a first co rative sanple S

equi pped Wi he E’éést)é?ﬂlﬁ & E@rﬂe Fae nghag@tﬁtw& i The gt emiting g 2
invention sanple described above, but differed fromthe LED of the first

i nventi on sihplmeoynt were [sacuneeusingutleacendsictivi cadbhesiveuBdt apnliedl tondbe not
snmoot hed. Thus, in the LED of the first conparative sanple, the

i ndent at b onsncamdingrsepidod,i thos ptovidiag doytinditgi ng (i ndent ati ons and projections
with sizes proportional to the size of the abrasive grain of the dicing

bl ade) are forme@iom)t hg drdBe o ABIPIroRs Meab Wid@FRor’ &rodl thbaidHtaie§n80. The

met hod for nmaking the LED of the first conparative sanple was as foll ows.
device, mounting is performed so that the entire surface of the p-type GaN
layer of the light-emitting device was in contact with the mounting section.
Also, an Ag-based adhesive, which has good thermal conductivity, was used,
10 and a CuW-based lead-frame, which has good thermal conductivity, was used.
As a result, the obtained heat resistance was 8 deg C/W.

(81-13): Furthermore, a wire bond was used between the n-electrode
and the lead section of the lead frame to provide continuity, and a lamp was
formed from the light-emitting device by sealing the structure in resin using

15 an epoxy-based resin.
(First comparative sample)

An LED according to a first comparative sample was equipped with
essentially the same structure as the LED of the first invention sample
described above, but differed from the LED of the first invention sample in

20  that the N surface of the GalN substrate 1 was not smoothed. Thus, in the LED
of the first comparative sample, the indentations and projections formed by

dicing (indentations and projections with sizes proportional to the size of the

abrasive grain of the dicing blade) are formed on the inner perimeter surfaces



(52.1) - (52.8): Essentially the same as (S1-1) - (S1-8) of the first 5

i nvention sanple. (S2-9) - (S2-12): Essentially the sanme as (S1-10) -
(S1-13) of the first invention sanple. In other words, the nethod for
maki ng the LED of the first conparative sanple was essentially the sanme as
the method for nmaking the first inventi &% 10 sanple except that the step
(SI-9) of the first invention sanple (surface treatnent involving applying a
specul ar finish using RIE) was not perforned. (Second conparative sanple)
An LED acconfitiggicavés &econd conparative sanple was equi pped with
essentially the sane structure as the LED of the first conparative sanple

19 cxcept hat nengRARNES g RakAiFR. DDA st RS L oL

as shown in Fig. Ig. 15 1s @ si of the
second conp?5§}ive sanpl e. The nethod for naking the LED of the second
conparative S ﬁgTe is as follows. 20 (S3-1) - (S3-7): Essentially the sane

as (S1-1) - (Sl- f the first inyention sanpl S3- - (S3-11
Essentially the i as&(zs%é: 1@’;‘3“—"51%-@9) Sfﬁiflet%?e?ﬁ'r(l%t' alﬁg)eﬁfitéﬂ é%ﬁ‘%pl e. 24
(Tests and results) The first invention sanple and the first and second
conpar at bve inventjpnesamidee each placed in an integrating sphere, a
predeterm ned current (1

(82-9) - (S2-12): Essentially the same as (S1-10) - (S1-13) of the first
invention sample.
In other Qords, the method for making the LED of the first comparative
sample was essentially the same as the method for making the first invention
10 sample except that the step (S1-9) of the first invention sample (surface
treatment involving applying a specular finish using RIE) was not performed.
(Second comparative sample)
An LED according to a second comparative sample was equipped with
essentially the same structure as the LED of the first comparative sample
15  except that no grooves are formed on the N surface of the GaN substrate 1 as
shown in Fig. 12. Fig. 15 is a simplified drawing showing the LED of the
second comparative sample.
The method for making the LED of the second comparative sample is as
follows.
20 (83-1) - (S3-7): Essentially the same as (S1-1) - (51-7) of the first
invention sample.
(S3-8) - (S3-11): Essentially the same as (S1-10) - (S1-13) of the first

invention sample.



A) was applied, the Iight was focused, and the |ight output values from5
detectors were conpared. As a result, an output of 0.5 Wwas obtained for
the first invention sanple. The output for the first conparative sanple was
0.42 W and the output for the second conparative sanple was 0.4 W Thus,
inthe first invention sanple in which24he grooves 80 are formed on the
light exit surface side (the second main surface side) of the GaN substrate
and the inner 10 perineter surfaces of the grooves 80 were made snooth by
perform ng SPedtaead rbs@ahnent, a greater |ight output was obtained fromthe
first invention sanple conpared to the first and second conparative sanpl es
due to factors s o | at i Y, I t a ace area
bet ween the GaN gg%stﬁfsatt éﬁ&%téﬁdg{lﬁéﬂepaé{g/l-tggsg%@rgg{l npe%gggt%&e{n%ér%\tllggti on of
total internal eerctioH it 215 t he. boundary Burface eto tdhe nul tj pl e
angl es for nEAMNVER REHEGRFAITE 18RS AE AP VE S 8 IFRES'FTTHES ect‘r‘i”fetqtrﬁz | ayer
surface; and the abiljity tolimt light |oss conpared to the conparative

sanpl es at t“HeWBsaRplied, dheflight wiae fosusede andhdbe Hishy ewtoucvaluemdrony

surface. [Second exanple] 20 Next, in the first invention sanple described
above, the dlefastirsovereremplarghtAs a aesif,tan sutpyt of 0t5hW @adobtaisdd farehd of t he
surface treatnent perforned after formation of the grooves 80 was studies.

First, thredrki aivefdbh sadpld. Thesueglitefop tepffgdomipaiatiesaape wis chpess 25
and transmttivity as was used in the nmaking of the first invention sanple.

O the thregqGRNaHARIHALRSsechRE cSRpAFRivY M J18GRsY.4 WOrRHDSE (iR £yt ver e

abraded with abrasives having an average grain dianeter of 10 m crons.

Then, RIE invention sample in which the grooves 80 are formed on the light exit surface

side (the second main surface side) of the GaN substrate and the inner

10 perimeter surfaces of the grooves 80 were made smooth by performing surface
treatment, a greater light output was obtained from the first invention sample
compared to the first and second comparative samples due to factors such as:
the relatively large contact boundary surface area between the GaN substrate
1 and the epoxy-based resin 15; the prevention of total internal reflection at

15 the boundary surface due to the multiple angles formed by the boundary
surface relative to the light-emitting layer surface; and the ability to limit light
loss compared to the comparative samples at the boundary surface due to the
smoothing of the boundary surface.
[Second example]

20 Next, in the first invention sample described above, the effect on the
light transmittivity of the GaN substrate 1 of the surface treatment performed
after formation of the grooves 80 was studies.

First, three flat GaN substrates were prepared with the same thickness



was performed under the sane conditions as the step (S1-9) of the first 5

i nvention sanple on the N surface of one of the two abraded GaN substrates.
The surface state of the N surface of the GaN substrate that has under gone
only abradi ng approxi mates the surface state of the grooves 80 forned in the
step (SI-8) of the first invention sanple imrediately after the dicing
operation. Also, the surface state of t4% N surface of the GaN substrate on
which RIE 10 processing was performed after abrasion approxi mates the state
of the inner perimeter surfaces of the grooves 80 after step (51-9) of the
first inventandrtrasanitieityas weey fdnncthe ahilehgtofiehs st idvegtiGpeimpie0@)f. Then,
transmttivity was neasured using a spectrophotometer for the three GaN

substrates 4dgrs¢hidRathRRAKSratdd, i e%ntlfe@@%ﬁl‘fa&é ¥ two SRR RAte abraded
transnltt|V|ty al ong the thi ckness axis of the GaN substrate was neasured

for |ight h %fbga klg\gﬁ% P lavdiy %hn Iﬁﬁlﬁné %uolf f 10 WG kD Then, RIE

transnltt|V| 1 AYe as no gorie abrasron or R E
is set to 100 per ent N substrat t hat has unde e bra5|on
has a transias PeTioyaed %%i%r SRS conditions asn ?@usgepr P55 ehi

under gone both abrasi on and RIE 20 processing has a transmttivity of 80
per cent . SThusventioncsgmple odecthe Nhaariaceof phe of ke tivombradest Gablsubistratesabr aded
wi th abrasives having an average grain dianmeter of 10 m crons

( pr ocessi ng-Thenagéadeastetesofdother Bigswfiscevaft the cGyNt albstate thaiahagahdetdoae
transmttivity of light with 450 nm wavel ength was 40 percent 26 that of the

pr e- abr aded oalyahBradilé hfpidienhied-thbrdgfde $tak of (hY Yro&fes Bt bringd 1Rtthe
restored conpletely by performng RIE, the transmittivity can be restored to

ﬁosper cent Qied &8 -9'dt tﬁ?‘i‘%&qﬂéﬁﬁ&? samhpfe SHhEAGE1P e ehEaNiSH Brdraabe. t hat

Also, the surface state of the N surface of the GaN substrate on which RIE

10 ~ processing was performed after abrasion approximates the state of the inner

perimeter surfaces of the grooves 80 after step (S1-9) of the first invention
sample was performed (after the smoothing operation).

Then, transmittivity was measured using a spectrophotometer for the

three GaN substrates described above. In this transmittivity measurement,

15  transmittivity along the thickness axis of the GaN substrate was measured for

light having a wavelength of 450 nm. As a result, when the transmittivity of a

GaN substrate which has not undergone abrasion or RIE is set to 100 percent,

the GalN substrate that has undergone only abrasion has a transmittivity of 40

percent, and the GaN substrate that has undergone both abrasion and RIE

20 processing has a transmittivity of 80 percent. Thus, it can be seen that for the

sections that have been abraded with abrasives having an average grain

diameter of 10 microns (processing-damage layers or regions with crystal face

damage), the transmittivity of light with 450 nm wavelength was 40 percent



undergone R E had a surface roughness with an Ra of 0.3 nm 5 [Third
exanple] In a third exanple of the present invention, the relationship

bet ween the oxygen concentration and the specific resistance of a GaN
substrate with light transmttivity was studi ed. Based on this
relationship, it is possible to establi2éh the optimal relationship between
GaN substrate thickness and 10 oxygen concentration for a predeterm ned
light release area in a p-down nounted light-emtting elenent, i.e., a

l'i ght -emi ttitRg: 6f @EBNE-dbRaddl 6datd WhilSADE Rb@ﬁbfﬂeﬁ deStel (100 Ipeslthnty Bl RRSE

surface. As described above, since the GaN substrate is the |light rel ease

surface in ‘}eﬁpgﬁ%rﬂﬂu{&%ﬁé&%&ﬂmg%@%g gr?r?sglﬂl?ﬁ%%%%lh% robflirEd chas a

significant e on speci resis ransmittivity, is

The. speci 11 COMGthol Akt Ty DrdoRate ey Bl Patiace Ahe FaN Gubepegbeg sy

specific resistance of no. nore than 0.5 S2cm can be achi eved with an oxygen
concent r at i ovndgreone Rllighad a spnface poehnesy wigh 9 Ba of 9.3m®ws t he effect of
oxygen concentration on 20 transmttivity for light with a wavel ength of 450
nmw th & GdRhedesampled of 400 microns. Referring to the figure, when the
oxygen concentration exceeds 2E19/cnB, the transmttivity of |ight having a

wavel engt h of 450h AamiifdResam@leaasBihic plds¥nt Bvibntib@, ahé rEl'agioné.lﬁﬁSMWemat
i ncreasi ng oxygen concentration is 27 effective in reducing the specific

resistance ghe bRpedMrebRGhith Grd the %9@%@&&;5&% of! Pl HUSRTEAD with f ace

but also reduces Tight transmttivity. us, in a GN substrate used in a
p- down muntlf’\g(ﬂtlti'%tnii@t%iw Wi s%luﬁﬂa%r.]tBased on this relationship, it 1s possible to

establish the optimal relationship between GalN substrate thickness and
10 oxygen concentration for a predetermined light release area in a p-down

mounted light-emitting element, i.e., a light-emitting element in which the

GaN substrate is the light release surface. As described above, since the GaN

substrate is the light release surface in a p-down mounted structure, oxygen

concentration, which has a significant effect on specific resistance and light
15 transmittivity, is especially important.

Fig. 16 shows the effect of oxygen concentration on the specific
resistance of the GalN substrate. Referring to Fig. 16, a specific resistance of no
more than 0.5 Qcm can be achieved with an oxygen concentration of at least
1E17 /ecm3. Also, Fig. 17 shows the effect of oxygen concentration on

20 transmittivity for light with a wavelength of 450 nm with a GaN substrate of
400 microns. Referring to the figure, when the oxygen concentration exceeds
2E19/cm3, the transmittivity of light having a wavelength of 450 nm drops

dramatically. Fig. 16 and Fig. 17 show that increasing oxygen concentration is



t he oxygen concentration, the thickness of the GaN substrate, and the |ight-
5 em ssion plan size are extrenely inportant. Fig. 18 shows the results of
measuring the light output of |anps and the plan sizes through which
current flows uniformy when | anps are made for an LED according to the
present invention shown in Fig. 1 from GN substrates wth varying

t hi cknesses and oxygen concentrations. The LEDs were nade 10 using
essentially the same processing steps as in the first invention sanple.

Referring tQffebGve 48 rédudif %”ﬁheo‘c bahP IdstfthnQUiRUihe AEANT ShibdtRitekBRgSeS
and hi gher oxygen concentrations end to reduce |ight output Al'so, in terns

of ~the maxi gﬁ%ﬁ(ﬁhgnth%' ﬁghE Qﬁﬁ)éé%}l \Q'H%t‘r&g %'Il.lrtraqg rghlflo i ng!rl ans 1tt9&1%}at er

t hi cknesses her en concen ions eace e si*Ze.
Referring t . t he plan.size throu current flows

ani formy | lalssaaar%a%%saraﬁwg? 2 B dpffoorgani Lieb SpltERe dleRes e
surface is 300 mcrons® (a square with 300 mcron sides), in order to

obtain an owthe@KYEabEeEepERationg the tiBckarssaf the GaN\gubstrate, =0 thecbighting t o

the present invention with a light-emtting |ayer that is 300 mcrons * |,
an oxygeh 2@nussiceplaredivoareéxtadmelyastpobtah®8/ cnB (at | east 8E18/cnB for a
square with 5 nm sides) can be used for a GaN substrate wth a thickness of

200 microns. Mor @ig 98ehiokisGab r¥sulfs Sfuhsfkrindeihsi iightiohtd sad@s @ditheappl i ed
to a square with 300 mcron sides in an LED accordlng to the present

i nvention c £x?§ %&noggla%h?cﬁﬁu H{ ﬂS wheft 14RpE afl n:Ia‘?ie%P?Hare

with 4 nm si uni orn1 t out put proport|ona to the
applied curr

1.4 W(2. 3 8?101'%“’@ & thh%' }gr%ﬁsn 1nvsn%$ ﬁc'wgrhqg Il'llggi'tﬁ'o%lft(fa% su stratelseast
with varying thicknesses and oxygen concentrations. The LEDs were made

10  using essentially the same processing steps as in the first invention sample.

Referring to Fig. 18, in terms of lamp light output, greater thicknesses
and higher oxygen concentrations tend to reduce light output. Also, in terms of
the maximum plan size through which current flows uniformly, greater
thicknesses and higher oxygen concentrations tend to increase the size.

15 Referring to Fig. 18, when the plan size through which current flows
uniformly is a square with 4 mm sides (5 mm sides) and a light release surface
is 300 microns(] (a square with 300 micron sides), in order to obtain an output
corresponding to 8 mW for 20 mA with an LED according to the present
invention with a light-emitting layer that is 300 microns ], an oxygen

20  concentration of at least 6E18/cm3 (at least 8E18/cm? for a square with 5 mm
sides) can be used for a GaN substrate with a thickness of 200 microns. More
specifically, a current density in which 20 mA is applied to a square with 300

micron sides in an LED according to the present invention corresponds to the



Al so, with a GaN substrate having a thickness of 400 mcrons, 5
specifications identical to the exanple above with a thickness of 200

m crons can be obtained with an oxygen concentration of at |east 3E18/cnB
for a square with 4 nmm sides (an oxygen concentration of 4E18/cnB for a
square with 5 nm sides). However, at a 4%ickness of 400 microns, the oxygen
concentration nust be no nore than 2E19/cnB in order to obtain |ight output
corresponding to 8 10 mWwhen 20 nA is applied to an LED having a size
accordi ng t mppheatores£3t6 A (Hu@)i tona sfuatehwithodenmisides 45Gahl sidbs) matle
having a thickness of 600 m crons, the oxygen concentration nust be at

| east 2. 5E1&{rﬁf£ning1&aMﬁFﬁuEf@aEtiéﬁa1wO tHBIapplisd ¥uireho bl ba obtHias® whtileh 4 nM
sides. Meanwhile, for a light output 15 corresponding to at least 8 mWfor

20 mA appli - A i L y I ©S; i:pyention as
descri bed agg\(;{é@nt?%lé@rhﬂ ?M{:/%@e?%tfﬁ% rﬁ@gWQgge}égh%‘gﬁ?&a@ﬁgﬁbp 1slg%nl y
slightly greater ,than 5E1 . Jhus, these t .condi ti.o are net in a
narrow oxygen coftdht P @n%@ﬂgal}b%f% el,haYl&g &nwi%P]&%HPSSClﬂfr gﬁ? PEPEhr ough
a square with 3 _mm sides, the oxygen caoncentration is_at 20 |east.

appr oxi mét elspecifitationsgidentigalote, ierexasmple wbpye Math adhiskagsw of 4P aniprons
slightly broader than that for a square with 4 nm sides. Based on Fig. 18,
it can be seen belpbtainkheé wibth ek eaggentoncertiratith ofibslaaat 8E18/smd der arsquares - 400
m crons, there is an oxygen concentration range that is 29 adequately broad
for obtaini ngithAd it gidés Ger d:ggpnrohdatiation CNABTSPHr Wsquase &t § etnt 0 an

LED having a size according to the present invention. Wth a thickness of
200 m cr ons siddd). SHbweRRS 8t RItBickhbdl FHUIDMULRS THE BRYEAT L ARULBA must
be no more than 2E19/cm? in order to obtain light output corresponding to 8
10 mW when 20 mA is applied to an LED having a size according to the present
invention.

Furthermore, with a GaN substrate having a thickness of 600 microns,
the oxygen concentration must be at least 2.5E18/cm? to have current flow
uniformly through a square with 4 mm sides. Meanwhile, for a light output

15 corresponding to at least 8 mW for 20 mA applied to an LED having a size
according to the present invention as described above, the limit value for the
oxygen concentration is only slightly greater than 2.5E18/cm3. Thus, these two
conditions are met in a narrow oxygen concentration range. Since, for uniform
current flow through a square with 3 mm sides, the oxygen concentration 1s at

20 least approximately 2E18/cm3, the oxygen concentration tolerance range is
slightly broader than that for a square with 4 mm sides.

Based on Fig. 18, it can be seen that the thickness of the GaN substrate

18 200 microns - 400 microns, there i1s an oxygen concentration range that is



alower limt that is |lower than 2E19/cnB. Also, with a thickness of 400 5
mcrons, this is possible wth an oxygen concentration of at |east 8E18/cnB.
Next, exanples of the present invention will be summarized bel ow, although
there may be sone overlap with the above exanples. A light-emtting device
according to the present invention is a3d%ght- emtting device including: a
nitride sem conductor substrate (the GaN 10 substrate 1); an n-type nitride
sem conductor |ayer (the Al.Gi-,;N layer 3) on the first nmain surface side
of the nitriadeqssielycbreddboobinuniairaat eytpat peirggending td 8en Wewheo 80 weA or

| ayer (the p-type Al.Gi-.N layer 5) positioned further fromthe nitride

sem conduct q§ apphsd (LR I PAVALL 4 QidelRctrdinPeo Phd prddent HRANEBACWGHP, | ayer;
and a light-emtting layer (the nulti-quantumwell 15 (MO 4) positioned

an ght - er ay . | _ 0| !
etween the (B; 4y mp[qeﬂgc_rg,g%ﬂgﬁ%mgg@gable @%ﬁrarﬁﬁ%{gtglﬁetpnge&tyﬂg?ﬂd%é\?%Qe

sem conductor Tayer. e sem cond ayer

down- nounted. Al so,. |.ight i.s.rel eased t he,second nain. surfac

Wbt on ot ndt ST Lk 3bae o2 J68et 2hER o fh T ARE Hafh L PieRBesOt ah
nitride _sem conductor substrate. The grooves 80 are forned on the second
mai n 20 Sur feictonss thip s pessihlewidean exvgancoprensupden af at leasicSIgt&ubs 80

i nclude sections (the curved surface sections 93) on which surface

treat ment has be®&ext,pexdngplee dfi theoprhsent ansergoirh willebé mmermagrddrbelow,
surface. Since the grooves 80 are fornmed on second nmain surface la, which is
the 30 |i ghtal@ukhshédeanigy bé st oRbitlap KatlseHs fnduahmplaubstrate, |ight can

be extracted fromthe side walls of the grooves 80 as well. As a result,
the light usage aefithCeRNEMHeOReHEE abdddBingetl thd BIedRYiinFekiddh BE o HREOVEd.

emitting device including: a nitride semiconductor substrate (the GaN

10  substrate 1); an n-type nitride semiconductor layer (the AlyGaixN layer 3) on

the first main surface side of the nitride semiconductor substrate; a p-type

nitride semiconductor layer (the p-type Al;Ga;<N layer 5) positioned further

from the nitride semiconductor substrate compared to the n-type nitride

semiconductor layer; and a light-emitting layer (the multi-quantum well

15 (MQW) 4) positioned between the n-type nitride semiconductor layer and the

p-type nitride semiconductor layer. The p-type nitride semiconductor layer

side is down-mounted. Also, light is released from the second main surface la,

which is the main surface opposite from the first main surface of the nitride

semiconductor substrate. The grooves 80 are formed on the second main

20  surface of the nitride semiconductor substrate. The grooves 80 include sections

(the curved surface sections 93) on which surface treatment has been

performed in order to smooth the inner perimeter surface.

Since the grooves 80 are formed on second main surface 1a, which is the



Furthernore, since the grooves fornmed on the second main surface la, 5
which is the light exit surface, include the curved surface sections 93,
which are sections on which surface treatnent has been performed in order
to snmooth the inner perimeter surface of the grooves, even if

processi ng-damage |ayers or region wt®0crystal face damages are forned on
the second nmain surface | a when the grooves 80 are fornmed, the surface
treatment operations 10 descri bed above can inprove or renove processing-
damage | ayenghaegiti-a@gfacs sf thy Ailtridé ¥ehadonflacwr dab&gste, (iERf cAXBaPkRactbd t he
surface treatnent involves renoving a certain anmount of thickness fromthe

surface |aygfodithtNGde SRARMf PR Brovbé BeCas dINALY! g%ultb%hé Hy: lg%gira] et er

surfaces of the grooves, this can renove processi ng-damage | ayers

regions wtheerystal. face d e ), As a 15 result it is possible to prevent
reduction i r?fﬁ(i%lf‘ﬁyo % Er’gg?fj%%?%*nﬁ)%ﬁvécﬁccfnﬁeolﬁqrﬂgéd'second main surface |a
due to processing; &%nage | ayers and the Iik;. Al so, in_the strycture
described above, FEFHHEEmOFRs %ﬁnqey%@ FHoa¥ss fogmed 1on the preepd JBYnGTHIAE Kack
surface %the second nain surface) of the nitride sem conductor substrate

(t he GaNdsulbhichie the lighhexsit svaface, insludel thet eurzed spofape seefiomsc®, which s
possible to have the current flow through the entire nitride sem conductor
substrat e ewsea sebtibiie on- ehédi soefacd tréestinoing phse bewn t perforars in ocrdyetsd ng

ratio, i.e., a large opening ratio. As a result, the proportion of |ight
absorbed at sulidtk eheaGRr Periméier istrfatslue b Eid&@éé?a}%ﬂgf pRReddigPHapALSSi Oon 31
efficiency. O course, |ight release can take place not only fromthe second

T S i 3 Al I DEBP AR R i e B,
surface 1a when the grooves 80 are formed, the surface treatment operations
10  described above can improve or remove processing-damage layers and regions
with crystal face damage. (For example, if the surface treatment involves
removing a certain amount of thickness from the surface layer of the second
main surface 1a including the inner perimeter surfaces of the grooves, this can
remove processing-damage layers and regions with crystal face damage.) As a
15 result, it 1s possible to prevent reduction in light extraction efficiency from the
second main surface 1la due to processing-damage layers and the like.

Also, 1n the structure described above, since the n-type electrode 11 is
disposed on the back surface (the second main surface) of the nitride
semiconductor substrate (the GaN substrate 1), which has a low electrical

20 resistance, it is possible to have the current flow through the entire nitride
semiconductor substrate even if the n-electrode 11 is disposed with a small

covering ratio, i.e., a large opening ratio. As a result, the proportion of light

absorbed at the release surface is reduced, increasing the light emission



Since the p-type nitride sem conductor |ayer side, which has a higher 5
electrical resistance, is not the |ight rel ease surface, the p-type

el ectrode | ayer (the p-electrode 12) can be fornmed over the entire surface
of the p-type nitride sem conductor |ayer, thus making it possible to
provide a structure that is suited for dlimting heat generation at high
currents as well as for allowing the generated heat to escape through
conduction. In other words, design 10 restrictions inposed by thermnal

factors are effdiendyeGtourss! dgiadreléisseacdrL saltd plack hgdteonly HRemnaRdsdceniave the
p-el ectrode and the n-electrode formed as interleaved conb-shaped
Structures ifyhiifiRe bile a3l th8kidoStirhlodl Othis THEABETHLL AR e CAN
substrate 1 has superior conductivity, extrene?y goo I gh-Vol t age

resi stance nge %k%%igid mﬁ;hou the need for 15 using protective
circuitry f %u?g vor SE@H N§0: since there is no need to perform
conpl ex processing steps, production costs can be easily reduced,. ln this
light-emtting dgmcéé?‘etmm&tﬁdéfseﬂ%@%&fe@y% siden vihich has &, bigher g

m crons and no nore than 300 m crons. The thickness al ong the thickness

axi s of Bhe ehictricalgesistanceniduwt dhe dight relaase surfadee thepttypmslentrede layiee
grooves 20 80 are not formed can be at |east 100 m crons and no nore than
600 mi crons.(the prelebirede A8k cars ba dernidibowirdae wakirs saffatdef theopigse Bidrider vi ng
as the light exit surface can have sufficient area, |ight can be adequately

extracted fr@ficdn@fctedapst, TRUY MAAkin3CR Porsibld td BRoFAB sBfuctiie Gagqyes 80
is less than 50 32 microns, it becomes difficult to increase the anpunt of

extracted | isgmgd I %#gﬁilﬁq%ggﬁpgesﬁqutl g@lhi)rght %J}?e {s%twa% 'aE .f&uélmﬁgrtﬁ‘gso’ a

certain degree of t neede e nitride sem con

substrate atge%@:%tgf t ﬁgarg %8 Cteéc%rll)g %.rotugg conduction. In other words, design

10 restrictions imposed by thermal factors are considerably relaxed. As a result,
there is no need to have the p-electrode and the n-electrode formed as
interleaved comb-shaped structures to reduce the electrical resistance.

Furthermore, because the GaN substrate 1 has superior conductivity,
extremely good high-voltage resistance can be provided without the need for

15  using protective circuitry for surge voltages. Also, since there is no need to
perform complex processing steps, production costs can be easily reduced.

In this light-emitting device, the depth of the grooves 80 can be at least
50 microns and no more than 300 microns. The thickness along the thickness
axis of the nitride semiconductor substrate at the sections where the grooves

20 80 are not formed can be at least 100 microns and no more than 600 microns.

In this case, since the side walls of the grooves 80 serving as the light
exit surface can have sufficient area, light can be adequately extracted from

the second main surface la. If the depth of the grooves 80 is less than 50



grooves 80 in order to allow a current supplied to the substrate to achieve
5 adequate coverage for the light-emtting |ayer. Thus, if the thickness of
the grooves 80 exceeds 300 microns, the substrate becones too thick at the
sections where the grooves 80 are not forned. This results in reduced |ight
transmttivity at the sections where the grooves 80 are not forned and
ultimately makes increasing the anmount ¢ |ight exiting fromthe second main
10 surface la difficult. Also, it would be possible to have the thickness of
the nitride sem conductor substrate at the sections forned with the grooves
80 (the thimicrass iDfbebhiesidifficilt seihaenschorammbat bhkrtrattedhBglaisg of the
grooves 80) to be at least 50 mcrons and no nore than 300 mcrons. This

al lows the }3eceUEineRhe hPed 6 fHEPERH ST Qurkie. AlQhh c@maiﬁ b&greb %Y%mﬁné@st h

adequat e coverage through the substrate even when th grooves are

[orimed (LS TREAD g RE3L BhBidaREBY sRPIENPHE (B0 o8 Lttmo Log bt the

t hi ckness of SEMm con at e e the
grooves 80 are not for ﬁ(g%\_l S ess than 100 nj.cctons_(if the thl ckﬂess of the
nitride sem&oNEEIbhin SufRs: foaplowon shrieRt syppded dp thesuhshgie do @ishieze) ess
than 50 microns), the substrate becomes too thin so that the current that

i s suppl Ped adequate covprageator the lighsismisdng daydre Thuisgifk thenthicknags lofytbe 4 wit h

i nadequate coverage. As a result, adequate |light output cannot be obtained.
I f the thiclgressso80 tdxeeatst BD@Ian'mnim;otmwbstr&’é botishasater ahickhat sheti ons
where the grooves 80 are not formed exceeds 600 mcrons (the thickness of

the nitride ssedEORHEFL e ErdvbE BDCa! néthRrRRACTH reduld O BAMREd dfkHeXCeeds
300 microns), there is not nuch inprovenent in the
transmittivity at the sections where the grooves 80 are not formed and
ultimately makes increasing the amount of light exiting from the second main
10 surface la diﬂ:'icult.
Also, it would be possible to have the thickness of the nitride
semiconductor substrate at the sections formed with the grooves 80 (the
thickness of the nitride semiconductor substrate at the base of the grooves 80)
to be at least 50 microns and no more than 300 microns. This allows the
15  current to be supplied to the light-emitting layer 4 with adequate coverage
through the substrate even when the grooves 80 are formed, thus making it
possible to provide adequate hight output. If the thickness of the nitride
semiconductor substrate at the sections where the grooves 80 are not formed is
less than 100 microns (if the thickness of the nitride semiconductor substrate
20  at the bases of the grooves 80 is less than 50 microns), the substrate becomes
too thin so that the current that is supplied to the substrate is supplied to the

light-emitting layer 4 with inadequate coverage. As a result, adequate light

output cannot be obtained. If the thickness of the nitride semiconductor



coverage achieved by the supplied current while the increased thickness for
5 the substrate results in excessive material costs for the substrate. Al so,
if the substrate is too thick, the light transmttivity at the substrate is
reduced, meking it difficult to increase the anmount of light exiting from
the second main surface la. Inthis light emtting device, it would be
possible to formthe grooves 80 10 through dicing using a dicing blade. The
sections on which surface treatnment is performed (the curved surface
sections 93)subgRaktead ¢hé is0etorRbivhbREthd grodves B0 Bk Bob e ek¥8s 600 t he

i nner perinmeter surface of the groove. The thickness of the renoved surface

| ayer can b‘gxlmﬂf(ﬁﬂst Ghe rtﬂﬁﬁﬁég'éeo ol &i¥fde gg%ﬁ%‘hﬁﬁcﬁi‘ s‘ilngtrﬁaar %%H&eb%ﬁiﬁi}s of

t he dicing ade. 15 In this case, since e grooves 80 are torne

di cing, the _grooves can,be.forned e ef.ficiently.conpared, to the use
of “et ohi ng. (He Aee D eRBd 800 ForFnln st dn b ARt 6 EEREE 42 B red by
dicing in this manney, the inner perineter surfaces of the grooves, e.g.,
the side walPveiage fchieved by t%?'f'&fﬁleﬂi eHTeHawhilatheacrasged thickressofes t hat
are approximately the sane size 20 as the dianeter of the abrasive grains
cont ai ne@ i rthe subsfiraiermgshltade exeessivevinaterial Bogts fathensubwtratguhlso, dHhehown in
Fig. 13 and Fig. 14, the indentations and projections shown in Fig. 12 at
the inner peubseher isstid doek, tie light graonestiBly atathcbsuberaeed feusaki ng t he
surface | ayer thickness renoved by the surface 34 treatnent operation

greater thamiiagay@nRdaat & ARBIRE tBE abldanabf BShtSiGhaite tKOMBhNgthihN t he
dicing blade. As a result, the inner perineter surfaces of the grooves 80

can be nadesﬁpﬁwg@ajn an efficient manner. Thus, since the

In this light-emitting device, it would be possible to form the grooves 80

10  through dicing using a dicing blade. The sections on which surface treatment
is performed (the curved surface sections 93) can be sections obtained by
removing a surface layer of the inner perimeter surface of the groove. The
thickness of the removed surface layer can be greater than the average
diameter of the abrasive grains of the dicing blade.

15 In this case, since the grooves 80 are formed by dicing, the grooves 80
can be formed more efficiently compared to the use of etching to form the
grooves 80. Then, when the grooves 80 are formed by dicing in this manner,
the inner perimeter surfaces of the grooves, e.g., the side wall surfaces, are
formed with indentations and projections that are approximately the same size

20 as the diameter of the abrasive grains contained in the dicing blade as shown
in Fig. 12. Aé a result, as shown in Fig. 13 and Fig. 14, the indentations and
projections shown in Fig. 12 at the inner perimeter surfaces of the grooves 80

can be removed by making the surface layer thickness removed by the surface



probl em of a reduced anmount of light exiting by way of the inner perineter 5
surfaces of the grooves 80 due to the presence of these indentations and
projections can be limted, the light extraction efficiency of the
light-emtting device can be inproved. For exanple, it would be possible
for the average dianeter of the abrasivi grains contained in the dicing

bl ade to be at least 0.5 mcrons and no 10 nore than 20 m crons. For | arger
abrasive grain dianmeters, the size of the indentations and projections
formed on t heedthieat operdtivhl Sleatdi thagetheivetdi® digheyest fH daswagesins! eadi ng
to an increase in the thickness of the layer to be renoved in the surface

treatment ORGHALLGin £i%e BicifSblade. K8G felgﬁ”ﬁ, EEAH 8 PeliBheted Hﬁfﬁg&t(?]f'fet;ﬁét ment

(processing tine) Increases 1n Increased production costs in 1

Iight-enitting quéq%fan t he gthen)gapd,nig ﬂg ab%%siveTgrain.gi ter is

too small, fEBPMERGSY FRRgPRIALE Enepsh ol 2ng picieRt) Ranpgr (TS pInce A0y

probl ems can take place, such as the cracking of the njtride sem conductor
Pl the

substrate (PrARleERF & pgdpsesd ameyng of light exting by wawgEthe ivners pirimetesi ng t he
grooves 80 or the need to nake an extreme reduction in the feed rate of the
di ci ng bibadeurfagesTiofighei gromms §0bdugtefideabtesence of dhese aleatatiengyrailn
dianeter in the above range in order to provide a certain degree of

processi ng girerectibws tdrebe prtidéd, dhe light dxorarting dffidendyoolvde Behtwihiteingl SO
reduci ng the processing speed for the surface treatnent to a fixed |evel,
thus reduci n@videaRweliAiproRidgoduction costs 35 for the |light-emtting device.
In the light-emtting device descri bed above, the grooves 80 can have a

ybfhaped Cross- el FAnfie SHOWIUL He' Bosstble! Rr! fHeS ab@%Ee HaBRES SEdGeval ! S
abrasive grains contained in the dicing blade to be at least 0.5 microns and no
10 more than 20 microns. For larger abrasive grain diameters, the size of the
indentations and projections formed on the inner perimeter surfaces of the
grooves 80 increases, leading to an increase in the thickness of the layer to be
removed in the surface treatment operation. As a result, the time required for
surface treatment (processing time) increases in increased production costs in
15  the light-emitting device. On the other hand, if the abrasive grain diameter is
too small, forming the grooves 80 becomes difficult. More specifically, problems
can take place, such as the cracking of the nitride semiconductor substrate
(the GaN substrate 1) during the dicing operation for forming the grooves 80 or
the need to make an extreme reduction in the feed rate of the dicing blade.
20 Thus, it would be preferable to use an abrasive grain diameter in the above
range in order to provide a certain degree of processing speed in the operation

for forming the grooves 80 while also reducing the processing speed for the

surface treatment to a fixed level, thus reducing the overall production costs



t he grooves 80 can be formed on the second main surface la of the nitride 5
sem conduct or substrate. Thus, conpared to side walls that are perpendicul ar
to the second main surface la, the light extracted fromthe side walls can
exit efficiently in the direction of the normal to the second main surface
la (perpendicular to the second main sifface). As a result, |ight usage
efficiency can be inproved. 10 Alight-emtting device according to the
present invention is a light- emtting device equipped with, as shown in

Fig. 10: a mbf tHedesltasmhigfingddete. substrate (the GaN substrate 1); an n-type
nitride sem conductor |ayer (the n- type Al.Gai-.N layer 3) on the first

(ride sem conductor layer ( ype Al ¢ ayer 3) on the first °
e conduct or | ayBery UG BEHEF qe RN Boye RS e D Bl KRS o'
f th i tepi | duct bst r. at t.h -1 i.trid

Ser conduct of SFaRFR: o Hor, T BT o8 16 1o rie cate, S0 SGba el

(MW 4) positioned between the n-type nitride sem conductor |ayer and the
p-type nitrithe geomesodigar de foatped onrfhe seqopdemagn surigee danelcHivdBETde | ayer
side is down-nmounted and light is released from 20 the second nain surface
| a, which i semheondmictor sub$taate. diiywescampdnedrtotshde Walls thatharerperpehdicelanf t he
nitride sem conductor substrate. The side surfaces of the nitride

sem conduct @b thekedohdtRain@ifste 1d)ahs lighe dxtrdceddesm Ihe sidipedlls ehmbkite to
t he second main surface. The sl oped surfaces 92 include sections (the curved

36 surface S4gdibRily 83t Abctibn P10 thel hoadl FloOthel 4bcdl WM Ns®MAd29]
treatnent has been perforned in order to make the sl oped surfaces 92

SmoOt h. Wt Ry oS 4 RRIHH Whe seBblf SadiH SuitaBBC s SHEIRTE ighe Bhge LRIRIyON the

can be improved.

10 A light-emitting device according to the present invention is a light-
emitting device equipped with, as shown in Fig. 10! a nitride semiconductor
substrate (the GaN substrate 1); an n-type nitride semiconductor layer (the n-
type AlyGa;xN layer 3) on the first main surface side of the nitride
semiconductor substrate; a p-type nitride semiconductor layer (the p-type

15  AliGai1xN layer 5) positioned further from the nitride semiconductor substrate
than the n-type nitride semiconductor layer; and a light-emitting layer (the
multi-quantum well (MQW) 4) positioned between the n-type nitride
semiconductor layer and the p-type nitride semiconductor layer. The p-type
nitride semiconductor layer side is down-mounted and light is released from

20 the second main surface la, which is the main surface opposite from the first
main surface of the nitride semiconductor substrate. The side surfaces of the
nitride semiconductor substrate include the sloped surfaces 92 sloped relative

to the second main surface. The sloped surfaces 92 include sections (the curved



second main surface la, which is the light exiting surface of the nitride 5

sem conduct or substrate, light can also be extracted fromthe sl oped
surfaces 92 in the direction perpendicular to the second main surface. As a
result, the |I|ight usage efficiency of the light-emtting device can be

i nproved. Furthernore, since the sl opedésurfaces 92 include sections (the
curved surface sections 93) on which surface treatnent has been perforned in
order to 10 nmake the sloped surfaces snmooth, even if processing-danmage

layers or regirs seMiddd 97 YISdvih ih 3GE pmarﬁ&qvlgr BOf o fBebHosurrhR t%bﬁﬁ%i‘lt

surfaces, the surface treatnent operation can inprove or renove

processi ng- gn&@%fﬁ{e(ﬁ)ﬁl}gﬂf&g#ﬁﬁa%ﬁﬂ@ SSipeaiRlelae 57 danpde: b result

it is possible even |on efficiency from the

sl oped surfaces 1 rocessing- da rs and,the like, In the
light-enmitting dgéltgéib%§gﬂc§§§ SH5G cther flg %?%W%'@ @%1 R frsedr on dhBst rat e
can be fornmed fromeither GaN or Al.Gai-. N (0 < x <= . I f the GaN
substrate 1 seeonssarainssuniecenilay wiucks dei thenkiskt 6Pﬂt§lﬁ)§PFf&§‘é of othej giridar r ent
density can be applied, making it possible for the light-emtting device to
emt 20 [5i ghsemagdnidubfogtsubstratemdizht (candcalin b ektnactedufroml the) slopddssyrfigesf or mi ng
the nitride sem conductor substrate from GaN or Al .Gai-.N (0<=x<=1), it is
possi bl e t o gooimmandikddtioncserpaidiatlad thithblse@Hd iniahQ sAFféd: AdIS rBEh1 thit i de

sem conductor substrate with good heat conductivity, i.e., good heat 37
di ssi pat i on jpiQRERLL EficiehBY'Sf Y RAR- ARAHE BV 8hn BeditlpPAlogon can take pl ace
even when a high current denS|ty I's applied I's posSible to reduce the

possibility that Ftu@ﬁle €, Jdlc ﬁ:le 5?1”&9(? QUHXC mc-[ iz ’sec%mlnisqmé glrfllvtetéi' ng

devi ce

surface sections 93) on which surface treatment has been performed in order to
10  make the sloped surfaces smooth, even if processing-damage layers or regions

with crystal face damage are formed on the sloped surfaces, the surface

treatment operation can improve or remove the processing-damage layers or

regions with crystal face damage. As a result, it is possible to prevent

reduction of light extraction efficiency from the sloped surfaces 92 due to
156 processing-damage layers and the like.

In the light-emitting device described above, the nitride semiconductor
substrate can be formed from either GaN or Al,Ga;xN (0 < x <= 1). If the GaN
substrate 1 is used as the nitride semiconductor substrate, a high current
density can be applied, making it possible for the light-emitting device to emit

20 light with high luminance (and high luminous flux). Also, by forming the
nitride semiconductor substrate from GaN or Al:Ga;.N (0<=x<=1), it is
possible to form an LED serving as a light-emitting device using a nitride

semiconductor substrate with good heat conductivity, ie., good heat



can be inplenented in which light can be output in a stable manner over a 5
|l ong period of tinme. In the light-emtting device described above, the
sections (the curved surface sections 93) on which surface treatnent has
been performed can be sections that have been nade snpboth by using reactive
ion etching as the surface treatnment net7/hod. 10 When perform ng reactive
ion etching on the second main surface la, a surface |ayer of the second
mai n surface |a having a predeterm ned thickness including the inner

perineter suygpd rp répeetisd. OPNES ke §dé(ﬁf£‘@é’(ﬂéat Anshipdifon SaM ke pPicet he
second main surfac a (the surfaces of t side walls form ng ﬁe i nner

peri met e SYLLace @f) o NS0 AONES 8R4 BEpRaEt oS plei 1Q%qudu%&etggn 15

whi ch t he grooves ar e not orne ing c e easl

snmoot h.  Besi de re et chi ng, .descr.i hed abpve mef hod can be
used for tH&® ﬁ’rhft%g]éatt 'ra"@affﬁgﬁﬁ‘flﬂglf? ‘ﬁ %e(r%l %ﬁ?abtnggﬁ g %hfs"e‘Bl%lﬁ‘ ﬁ%v}?esur face
la including the inner perinmeter surfaces of the grooves 80 can be nade
smooth.  Forcagxnimmelementeghin high Hight can det utpat i enpighls maaner exehant

t hrough wet 20 etching using acid solution or an al kali solution (e.g., KOCH
or NaOH) p | deng penwdefadmieng, other dry etching, ion milling, sputter

etching, or the like. Inthe light-emtting device described above, the

nitride sem condigtthe lighthotitahg dedivebdestiibedcalNosa)bitier sdctiohs (THe cadd
substrate 1 is n-typed through 38 oxygen dopi ng, and the oxygen

concentrati Qi 30 sB&idHs é@aéﬁ wikdl sGbftO/datmRNY 38R KHeANBd Al th §eMOT €
than 2E19 (2x1019)/cnB. In this case, current can flowuniformy through

the entire %%Qﬁn%bﬁl aﬁgv beéﬁaﬂ% Exrhogt%s %ﬂl blls?né Yactive ion etching as the

surface treatment method.

10 When performing reactive ion etching on the second main surface la, a
surface layer of the second main surface 1la having a predetermined thickness
including the inner perimeter surfaces of the grooves 80 is removed, and the
surface of the second main surface la (the surfaces of the side walls forming
the inner perimeter surface of the grooves 80 and the sections of the surface on

15  which the grooves 80 are not formed) after etching can be easily made smooth.
Besides the reactive ion etching described above, any method can be used for
the surface treatment operation as long as the second main surface 1la
including the inner perimeter surfaces of the grooves 80 can be made smooth.
For example, it would be possible to perform surface treatment through wet

20 etching using acid solution or an alkali solution {e.g., KOH or NaOH), laser
processing, other dry etching, ion milling, sputter etching, or the like.

In the light-emitting device described above, the nitride semiconductor

substrate can be the GaN substrate 1. The GaN substrate 1 is n-typed through



light to exit adequately fromroughly the entire second main surface of the
5 GaN substrate 1. Regarding the oxygen concentration of the GaN substrate 1
serving as the nitride sem conductor substrate, if the oxygen

concentrati onexceeds 2E19/cnB, the transmttivity of the GaN substrate 1
for light (especially blue light) is retfuced, resulting in lower |ight
transmttivity of the GaN substrate 1. 10 Also, if the oxygen concentration
in the GaN substrate 1 is less than 1E17/cnB, the specific resistance of
the GaN substxygée dbping, ramdutied osygenhaincehration roant be atidpastetE 17T 6w '8¢t r odes
to the GaN substrate 1 does not achi eve adequate coverage for the

light-em ttiggebR¥eiméemAand hié aitrb thhh PH190@N019)/EmONd eis!cadé)icurfdfitt ti Ng
device is reduced. 15 In the light-emtting device descri bed above, the

surface roughfegs, ‘&Bﬁof:ﬁ@eﬁﬁg{é@? tfe E%ﬂf‘e @Hﬁvﬁﬂ)sﬂéﬁ: §¢ g;fa%‘ri]’xgé #gél%m?)ﬁé [N _whi ch

surface treatnent has ornmed can have an an 10 nm
In this cas ince.th surfaces at the sections on i ch surfac r eat nent
has. been periEhiactibogeadalEla e Snslith BE Entitheefind Buth StaoR oL thgine
transmttivity is reduced in 20 the nitride sem conductor substrate due to
the surf&ce @Msubgratene sections can be linited to a degree that is
negligible in practice. As a result, the light extraction efficiency from
the second mai n Regarbeg lthe capgde conmentrasidn df the KGN |subbtrateni tservigg devi ce,
out of the light transmtted fromthe first 39 main surface of the nitride
sem conduct ahe Stiftgide akenieyndadtoOfsubBrase Cifi €S okhgdn heueenirdedg @Reedldr f ace
treatnent, the transmttivity of light with a wavelength of at |east 420 nm

and no nor e dE@NASAhd BrHRMiPEVRY of 8RS GadPsubstrate 1 for light (especially blue

light) is reduced, resulting in lower light transmittivity of the GaN substrate 1.

10  Also, if the oxygen concentration in the GaN substrate 1 is less than 1E17/cm3,
the specific resistance of the GaN substrate 1 is reduced so that the current
supplied from electrodes to the GaN substrate 1 does not achieve adequate
coverage for the light-emitting layer 4. As a result, light output from the light-
emitting device is reduced.

15 In the light-emitting device described above, the surface roughness of
the sections (the curved surface sections 93) on which surface treatment has
been performed can have an Ra of no more than 10 nm. In this case, since the
surfaces at the sections on which surface treatment has been performed have
adequate smoothness, the degree to which light transmittivity is reduced in

20  the nitride semiconductor substrate due to the surface state of the sections can
be limited to a degree that is negligible in practice. As a result, the light
extraction efficiency from the second main surface 1a can be improved.

In this light-emitting device, out of the light transmitted from the first



percent. 5 If the transmttivity for the light, with the above wavel engt hs
is less than 50 percent at the sections that have undergone surface
treatment (the curved surface sections 93 of the side walls of the grooves
80), absorption and reflection of light at the sections at which the
grooves 80 are formed actually increase® even if surface treatment is
performed on the sections on which the 10 grooves 80 are formed. Thus, if
the light transmttivity for the above wavelengths is |less than 50 percent,
t here i s redoasmdsurfaghiof eékd narcide samédohidatten eubstahtethiesay setite odond thug, by
having the light transmttivity at the sections that have undergone surface

treat nent asha¥es@ndbRHnabRUEfabe Gbalhaf! e ReAEENttivithhop REHUGHKRNal N
| ight extraction efficiency can be prevented. The reason for 15 using the

above 11 ght W?%n%@ﬂ_td? 44088 o ﬁh;ehﬁg‘g{?t ok PR Orlﬂn’Eﬁéexfelt gﬁpaasf"%a nm f or

studying transm vity i's that t exiting rromt - emtting
layer 4 in the |light-emtting device has a wavelength that is covered by
this wavel erP&f'f‘?nfange. A nmethod for making the light-emtting device

descri bed above is a 20 nethaod for nmaking a light-emtting device_equi pped
with a niftride dbhhe bransaubiviey fen tha é‘gbﬁa‘tlﬂi‘ r‘igq’ (pheke V@VQ?QSBY‘/]&’S i5198Sng st ep
(S20) and a surface treatnment step (S30). In the groove formng step (S20),
dicing is pbahdithpercent abthe shetignsothas ha3® wrdarhenes eudac teatment fthee | a,
which is 40 opposite fromthe first main surface of the nitride

sen conduct @urestbsirfadecseations\b8 off thd €idei wdils efiHet groovdsa8®| a¥sorptiboamdd. Thi s

makes it possible to provide a light-emtting device according to the
present 1 nveghk&ibn of light at the sections at which the grooves 80 are formed actually
increases even if surface treatment is performed on the sections on which the
10 grooves 80 are formed. Thus, if the light transmittivity for the above
wavelengths is less than 50 percent, there is reduced light extraction efficiency
at these sections. Thus, by having the light transmittivity at the sections that
have undergone surface treatment as described above be at least 80 percent,
this reduction in light extraction efficiency can be prevented. The reason for
15 using the above light wavelength range of at least 420 nm and no more than
480 nm for studying transmittivity is that the light exiting from the light-
emitting layer 4 in the light-emitting device has a wavelength that is covered
by this wavelength range.
A method for making the light-emitting device described above is a
20 method for making a light-emitting device equipped with a nitride
sermpiconductor substrate that includes: a groove forming step (S20) and a

surface treatment step (S30). In the groove forming step (S20), dicing is

performed to form the grooves 80 on the second main surface 1la, which is



In the nmethod for making the light-emtting device described above, in 5
the surface treatnent step (S30), it would be preferable for the surface

| ayer of the inner perineter surfaces of the grooves 80 to be renoved by
performng reactive ion etching. In this case, since the inner perineter
surfaces of the grooves 80 can be reliafly snoothed, a light-emtting
device can be provided wth a light extraction efficiency that is higher
than that of the conventional 10 technology. In the nmethod for making the

| i ght - em ttigpposiéy from dasfifdthadimbofse dfithe tdifriddisdmieenductat setratop ( S30),
t he thickness of the surface |ayer to be renoved by reactive ion etching

from the inngicRhb Mhebnittid@ER%r Afis thiinedM0Y 85180 i€ BBssBlo 35 $2bRRe bhan the

average di ameter of the abrasion grains 15 contained in the dicing blade

used in the 1?%%13‘;%’115’%{1%%q%‘rg’gﬁfﬂ?c%?%@é??tg Egés%n{r?ﬂ%itj{o épossi ble, in the

surface trea renove i ndent ati ons and

proj ecti ons havi Si z rresponding.,tp the  abrasio rai i amet er of
t he dicing bl adqu&ﬁﬁéﬂetg‘ﬁgt%ﬂ’én? t%‘e?lﬁ SpRAttng ?Vé??egeﬁ%r‘%ﬁﬁé‘ g¥odes 80
as a result of the dicing operation perforned in the 20 groove form ng step
(S20). AD a thesurface treatmanestepdB3Mpitevouldrtieapueterablet far theysurfacedager efan be

reliably nade snoboth. In the nmethod for making a light-emtting device
descri bed ahibeennen petimetanshidaeest ofetdiengmntvest 8p t¢ $330emdvied byepetfonrgingas used
in reactive ion etching can 41 contain chlorine gas. This makes it possible

to reliably gae@édiddetchiMie In £16E i daBE CinsdI th@GRBeOpe iRt O faRs 8T ther med on
the nitride sem conductor substrate.
grooves 80 can be reliably smoothed, a light-emitting device can be provided
with a light extraction efficiency that is higher than that of the conventional
10  technology.

In the method for making the light-emitting device described above, in
the surface treatment step (S30), the thickness of the surface layer to be
removed by reactive ion etching from the inner perimeter surfaces of the
grooves 80 can be greater than the average diameter of the abrasion grains

15  contained in the dicing blade used in the groove forming step (S20).

This makes it possible, in the surface treatment step ($30), to reliably
remove the indentations and projections having a size corresponding to the
abrasion grain diameter of the dicing blade formed on the inner perimeter
surfaces of the grooves 80 as a result of the dicing operation performed in the

20 groove forming step (S20). As a result, the inner perimeter surfaces of the
grooves 80 can be reliably made smooth.

In the method for making a light-emitting device described above, in the

surface treatment step (S30), the reactive gas used in reactive ion etching can



In the nitride sem conductor substrate (the GaN substrate 1) according 5 to
the present invention, the grooves 80 are fornmed on one of the main
surfaces, as shown in Fig. 11 and the inner perinmeter surfaces of the
grooves 80 include sections that have undergone surface treatnent in order
to smooth the inner perineter surfaces 4t he curved surface sections 93 in
Fig. 13 and Fig. 14). Wen this nitride sem conductor substrate is used in a
light-emtting 10 device, the use of the nmain surface on which the grooves
80 are for medntsHnt didorihe guis. &hiis makdsadte posdikle td reldsdy bdeodth theowme a
light-emtting device with high [light extraction efficiency. In the nitride

sem conduct Qerfikdtd} rAirficle DEMhBegrodbey 80 fotfed e6h 1tRB Snit#il@tseHbdRIoYUTr f ace
treatment can be sections that are snoothed through 15 surface treatnment in

the formof Jeaghiyve ion etching. This makes it possible to reliably snmooth
the inner perineter surfaces of the grooves 80 through surface treatnment.

The nitride sem ¢conductor, substrat e, desqgri bed gboye, .ca e.a N substrate,
and this GaN subi’fl Eg? é’ltiqd@aﬁ?nblﬁoﬂ&‘{cyt/?feﬁl sﬁ’iagﬁéﬁ‘eo(%gceﬁ’l‘%ﬁ%&t‘?@%%r h an
oxygen concentration in the range of at |east 1E17 oxygen atonms/cnB and no
nore tha® 2B0dhe peesenhinyentiopyEhectrpeeas 84 arerformed an ek of the maby gariages,

entire GaN substrate 1 so that if this GaN substrate 1 is used to nake a

| i ght - eni t tasrghosevinciEig. 11 ght thennier prioyeter shyfaces of the grooresréfuighludet he
entire 42 second main surface of the GaN substrate 1. In the nitride

sem conduct aectivimsthiaatiavdaadierpat abda®, trefinaitoavadeBo sarotih elveimney- Shaped

cross-section. This nakes it possible to form sl oped side
perimeter surfaces (the curved surface sections 93 in Fig. 13 and Fig. 14).
When this nitride semiconductor substrate is used in a light-emitting
10  device, the usé of the main surface on which the grooves 80 are formed as the
light exit surface makes it possible to provide a light-emitting device with high
light extraction efficiency.
In the nitride semiconductor substrate described above, the sections
that undergo surface treatment can be sections that are smoothed through
15 surface treatment in the form of reactive ion etching. This makes it possible to
reliably smooth the inner perimeter surfaces of the grooves 80 through surface
treatment.
The nitride semiconductor substrate described above can be a GalN
substrate, and this GaN substrate 1 can be n-typed through oxygen doping
20  with an oxygen concentration in the range of at least 1E17 oxygen atoms/cm?
and no more than 2E19/cm3. This allows current to flow uniformly through the

entire GaN substrate 1 so that if this GaN substrate 1 is used to make a light-

emitting device, light can be adequately emitted from roughly the entire



wal s for the grooves 80 on the nmain surface la of the nitride sem conductor
5 substrate. By using the nitride sem conductor substrate according to the
present invention in a light-emtting device, light extracted fromthe side
walls can exit nore efficiently in the direction of the normal of the main
surface la (the direction perpendicul ard2to the main surface) conpared to
when the side walls of the grooves are roughly perpendicular to the main
surface la. As a 10 result, a light-emtting device with high Iight usage

ef ficiency gasondempidMinde®.of the GadesubdtFdtda. sem conduct or substrate
descri bed above, the depth of the grooves 80 can be at |east 50 m crons and

no more than 300yiuGs AsidedibiiuckdY 1I8ARe AoR%hdd EndVe thelgrael ggnduct or

substrate thickness axis where the grooves 80 are not rmed can a
| east 100 m crqns _.an

_ho re than .600mlS mcrons. VWen this nitrid
sem conduct SAP et S PR e RAG| TR ARy Eitgiofoin (™ BheSd Pe e 1 s
of the grooves, 80, ich serve as part, of the |ig exit,  surface, wll have
adequat e ar é?%ﬁils'rgﬂ'stﬂhﬁlﬂ{%%"eﬁtsop% §h?)|r%31909“6£3t99i]&e0£&19i Bitride semigqndyctpEyi ce
that allows an adequate anount of light to be extracted from the exit
sur f ace. 520 suhstrate. nBy rusdeg sdni sndacsemiceubytonsubslestsy abedduizgote, thehe
section on which the surface treatnent is perfornmed (the sections on which

the curved pyeshitansefdbnane fight@dittingtdeeice] Heghtvaittscted fiohetlgr sidy @1180) can
have a surface roughness with an Ra of at least 10 nm In this case, since

the sectiongafnexi3mbhd 6ffichulydizetHe! BAARAL of the AR AN T Ehd ahiA AGAMAL Qa
snoot hness, the degree to which light transmttivity is reduced in the

niLrEde Semaandieldn pLiBhiRLE: Bihe fall'Suthd) olpdDE 1§ YA BLSER! oS

can be kept to a negli € anoun

walls of the grooves are roughly perpendicular to the main surface la. As a
10  result, a light-emitting device with high light usage efficiency can be provided.
In the nitride semiconductor substrate described above, the depth of the
grooves 80 can be at least 50 microns and no more than 300 microns, and the
thickness along the nitride semiconductor substrate thickness axis where the
grooves 80 are not formed can be at least 100 microns and no more than 600
15 microns. When this nitride semiconductor substrate is used in a light-emitting
device, the side walls of the grooves 80, which serve as part of the light exit
surface, will have adequate area. This makes it possible to provide a light-
emitting device that allows an adequate amount of light to be extracted from

the exit surface.
20 In the nitride semiconductor substrate described above, the section on
which the surface treatment is performed (the sections on which the curved
sections 93 are formed on the side walls of the grooves 80) can have a surface

roughness with an Ra of at least 10 nm. In this case, since the sections on



practice. As a result, when a light-emtting device is prepared using this 5
nitride sem conductor substrate, a high light extraction efficiency can be
achieved for the light-emtting device. In this nitride sem conductor
substrate, for the light transmtted from the main surface opposite from
the main surface la, on which the grooves® 80 are forned, by way of the
sections on which the grooves 80 are forned, the 10 transmttivity for the
wavel ength range of at |east 420 nm and no nore than 480 nm can be at |east
50 percent. whichhsusfaca$eatmhahispdrigimedemas 4 deygadie smoetliness, thdalegsdenty t hi s
nitride sem conductor substrate, good light extraction efficiency can be
obt ai ned wi twhichaigdhitafthnaittivitydisdeduesl inlfhe eiiliodd s@AicGnaictoLsabitk@e of the
present invention were described 15 above, but these enbodi nents and

exanpl es of §ledPiRSRAte bR rBbeMeBtiond B Ye qerggmb eSnddMLibIBriGARGNOT the

present invention is not restricted to these enbodi nents.” The scope of the

invention is _indi caAg% ?é(sutlthe | ai nvyention _and _covers

. racti ] whed'd' i ?ﬁret r}ﬁ;inl élev 18_pren, us this, ..
equi val enced £ the tlfalme of "the & nPenton End AT EnBuiPA a1t W thin
the scope. 2Q Iln the light-emtting devic ccording to tgﬁ,present
i nventi o%’, JUHEG jsgEc YPSnﬂEh?F'@%e’sﬁb {&aﬁl’giﬁvi THIAR € i A Pei s
used, grooves are formed on the light exit surface, surface treatnment is
per f or med orechiryed dorf thedight-emtitidng deviese grooves are formed in order to
snooth the surface, and a p-down 44 nounted structure is used. As a result:
(1) light extractinachisehitride spoyicoductee subspraoy cfdr the light pearsoitted akom
di ssipation is provided while high-output light emssion is made possible
Wi t hout requhkifgins G| @posite GlonO @t sidib Glufae 163bn which the grooves 80

are formed, by way of the sections on which the grooves 80 are formed, the
10 transmittivity for the wavelength range of at least 420 nm and no more than
480 nm can be at least 50 percent. In this case, when a light-emitting device is
made using this nitride semiconductor substrate, good light extraction
efficiency can be obtained with the light-emitting device.
The embodiments and examples of the present invention were described
15 above, but these embodiments and examples of the present invention are
simply examples and the scope of the present invention is not restricted to
these embodiments. The scope of the invention is indicated by the claims of the
invention and covers equivalences to the claims of the invention and all
modifications within the scope.
20 In the light-emitting device according to the present invention, a nitride
semiconductor substrate with high conductivity is used, grooves are formed on

the light exit surface, surface treatment is performed on the surface on which

these grooves are formed in order to smooth the surface, and a p-down



superior conductivity is provided while |large-area |ight em ssion and high 5
el ectrostatic withstand voltage is provided without requiring a protective
circuit for protecting the light-emtting elenent fromtransient voltages
and electrostatic discharge; (4) total internal reflection tends not to
occur between the light-emtting Iayer%%uithe rel ease surface since there
are no significant discontinuities going fromhigh to lowin the index of
refraction going fromthe 10 light-emtting |ayer to the substrate, thus
preventi ng mecuged sphictareciscysedndls a gssultddylighataxtractipntdificisngecaubbaces
caused by total internal reflection; (5) since light is emtted with |ow
vol t ages, t higipeoved; (2) BapsridOheat diGipatimat pyovidalverhikuBfdhyouthltidighki ng
the device suitable for autonotive illum nation devices; (6) because the

structure i Sumbiph g midBdeskibRwichobR AR GHIAOE bkRerbRe afidcARENINaNCe

is easy as well. Thus, 1t can be expected that the present 1nvention can be
used widely in different. types f.iIJCE i.nation produgts _includi .
autonot | ve. i PePn aoREra BE Rt d WRIREILES a4 it Comi<pion b g
including a nitride, sem conductor supstrate;. an n- type nitride i
seni condfict GrecFEaFEaticoIEhstan (Ve WUPTOVILEc HEDGHE. SATIAR 3 | REgtastive
sem conductor substrate; a p-type nitride semnm conductor |ayer positioned
further fromrizsaitdonipreteging dhe dighdieanisting whsrnentt Bonoaasisdt tvoltages andt ype
nitride sem conductor |ayer; and a light-emtting |ayer positioned between
said n-typeletitostadic dischargedi4l total intpenalardestdrd tandsyype toidceurdeetween
sem conductor layer; 10 said light-emtting device wherein:
the light-emitting layer and the release surface since there are no significant
discontinuities going from high to low in the index of refraction going from the
10  light-emitting layer to the substrate, thus preventing reduced efficiency and
resin degradation at the side surfaces caused by total internal reflection; (5)
since light is emitted with low voltages, there is no need for a high capacity
power supply, thus making the device suitable for automotive illumination
devices; (6) because the structure is simple, production is easy and inexpensive
15 and maintenance is easy as well. Thus, it can be expected that the present

invention can be used widely in different types of illumination products

including automotive illumination devices.



said p-type nitride sem conductor |ayer side is down-nmounted and light is
rel eased froma second nmain surface, which is a nmain surface opposite from
said first main surface of said nitride sem conductor substrate; a groove is
formed on said second main surface of said nitride 15 sem conductor
substrate; and an inner perineter surfact of said groove undergoes surface
treatnent in order to snooth said inner perineter surface. 2. A
light-emtting device according to claim 1l wherein: said groove has a depth
of at least 50 microns and no nore th&iLAIME 20 microns; and along a

t hi ckness axis of said nitride sem conductor substrate, a thickness of
sections on which said groove is not forned is at |east 100 mcrons and no
nore than 600 mcrons. 46 3. Alight-emtting device according to claim1 or

claim2 merﬁh@hgh%%hﬁt%é’gﬁﬁcé Si?élﬁﬁﬂi%da Qﬁtﬁdedkﬁhﬁgngﬁcgpﬁégﬂ&r#@ qd 4 di cing

bl ade; said section on surface treatnent 1s pe IS a section
obt ai ned by removing a surface |ayer of said inner perineter. surface, of said
5 groove; andP§ I{Ih‘-ﬂ%&K ﬁ"e‘Ek""B&“‘?&f EXJF% n%/édérs?‘g ﬁ‘%“@emf‘g  Sidg of 8 é‘{ Eftr’tq‘?an an
average dianeter of abrasive grains contained in said dicing blade. 4. A
| i ght - eni® t | S$rieRRAUCESY; gEbstaftsy & MibRe gdtridenisewipndustor slayet rpasttiongd n-
type nitride sem conductor layer on a first main surface side of said
nitride 10 fuethercmemcsaid mittide rsgtmaconglugtarypdshiate jcdepseed donsid trotypeay er
posi ti oned
nitride semiconductor layer; and a light-emitting layer positioned between said
n-type nitride semiconductor layer and said p-type nitride semiconductor
layer;
10 said light-emitting device wherein:
said p-type nitride semiconductor layer side is down-mounted and light
1s released from a second main surface, which is a main surface opposite from
said first main surface of said nitride semiconductor substrate;
a groove 18 formed on said second main surface of said nitride
15 semiconductor substrate; and
an inner perimeter surface of said groove undergoes surface treatment
in order to smooth said inner perimeter surface.
2. A light-emitting device according to claim 1 wherein:
said groove has a depth of at least 50 microns and no more than 300
20 microns; and
along a thickness axis of said nitride semiconductor substrate, a

thickness of sections on which said groove is not formed is at least 100 microns

and no more than 600 microns.



further fromsaid nitride sem conductor substrate conpared to said n-type
nitride semconductor layer; and a light-emtting | ayer positioned between
said n-type nitride sem conductor |layer and said p-type nitride

sem conductor layer; 15 said light-emtting device wherein: said p-type
nitride sem conductor |ayer side is dow#brounted and light is released from
a second main surface, which is a nmain surface opposite from said first

mai n surface of said nitride sem conductor substrate; a side surface of said
nitride semdnligittemittingsievizt accordingdeslansl opeldim2Dwhardiace sl oped
relative to said second main surface; and surface treatnment is applied to

said sl oped surf 8@ drbow idgbrrhé BYRAiting DpbrhtnOREss 8 idiAg Blade; A
light-emtting device according to any one of claim1l through claim4 47

wherein said sect)an 8&%%@? 98! RictRislraps Tt?‘gftﬁrﬁern?aisﬁg#fohﬁe&l Regtiapohhat is
e ror (0]

snoot hed t hrough said surface treatnment int reactirve 1on etching.
6. A Iight-eg%t.tiﬁ&]g) devi ce according to ag%/ Qne of claim1l t rou&g cl,aimb5
wherei n: 5 LIFYDAT i RO &ttt e, B $914 1 80PE PEIASES fBERteathsald ng sai d
GaN substrate is n-typed through oxygen doping, with an oxygen
concent r & i GHoeatnds at | east 1E17 oxygen atons/cn8 and no nore than 2E19
oxygen atoms/cn8. 7. A light-emtting device according to any one of claim1l
t hrough cl ai m 6 althickneseioh sgt rémoved hatfadealayenreargaiee thandars avérage
treatment have a surface
diameter of abrasive grains contained in said dicing blade.
4. A light-emitting device including a nitride semiconductor substrate; an n-
type nitride semiconductor layer on a first main surface side of said nitride
10 semiconductor substrate; a p-type nitride semiconductor layer positioned
further from said nitride semiconductor substrate compared to said n-type
nitride semiconductor layer; and a light-emitting layer positioned between said
n-type nitride semiconductor layer and said p-type nitride semiconductor
layer;
15 said light-emitting device wherein:
said p-type nitride semiconductor layer side is down-mounted and light
is released from a second main surface, which is a main surface opposite from
said first main surface of said nitride semiconductor substrate;
a side surface of said nitride semiconductor substrate includes a sloped
20 surface sloped relative to said second main surface; and
surface treatment is applied to said sloped surface in order to smooth

said sloped surface.

5. A light-emitting device according to any one of claim 1 through claim 4



roughness with an Ra of no nore than 10 nm 8. A light-emtting device
according to any one of claim1 through claim7 wherein, in said nitride
sem conductor substrate, of light transmtted from said first main surface
by way of said sections that have undergone said 15 surface treatnent, |ight
havi ng a wavel ength of at |east 420 nm &7d no nore than 480 nm has a
transmttivity of at |east 50 percent. 9. A nethod for nmaeking a
light-emtting device equipped with a nitride sem conductor substrate, said
met hod for relkerein saildi gatios Mirddeirfgng evid uefaoPiraiti@nt 40 A ssdtdm i ikor m ng
a groove by performng dicing on a second main surface opposite froma

first main Swdfied Brogsh thillsuifade t&%@h@ﬁﬂﬁi‘ﬂie%rm%f%é&t%%ﬂ@%iﬂ%’!i ch a
light-emtting layer is formed; and a step for performng surface 1reatnent

to snooth an iR 3 f__saj ve. . hod,f or
maki ng a 11 ot Sy BRHERE 8 vid® UGLaE o asdObie 9F SRR 1 ot BAOET
surface treatyment step, a surface |ayer of said inner perineter surface of
sai d groove W™ ®Wpved by performng reactive ion etching. 5 11. A net hod
for making a light-emtting device according to claim10 wherein, in said
surface ©reat mentaididjridesenpicendiser pibstegtel 1sy CGadteusiyate; androved by sai d
reactive ion etching perforned on said inner perineter surface of said
groove is great esaitlh@aNasubatratajgendypedthrough alygesidopiny, avinls anomtygened in a
di cing bl ade used in groove formng step. 10 12. A nethod for making a
l'i ght - emi tt ichgcedMitin € Qs dt Nehst AFA7xFEd® a0m&/k@B @nd no more than 2E19
oxygen atoms/cm3,
7. A light-emitting device according to any one of claim 1 through claim 6
10  wherein sections that have undergone said surface treatment have a surface
roughness with an Ra of no more than 10 nm.
8. A light-emitting device according to any one of claim 1 through claim 7
wherein, in said nitride semiconductor substrate, of light transmitted from
said first main surface by way of said sections that have undergone said
15  surface treatment, light having a wavelength of at least 420 nm and no more
than 480 nm has a transmittivity of at least 50 percent.
9. A method for making a light-emitting device equipped with a nitride
semiconductor substrate,
said method for making a light-emitting device comprising:
20 a step for forming a groove by performing dicing on a second main
surface opposite from a first main surface of said nitride semiconductor

substrate upon which a light-emitting layer is formed; and

a step for performing surface treatment to smooth an inner perimeter



11 wherein, in said surface treatnent step, a reaction gas used in said
reactive 1ion etching contains chlorine gas. 13. A nitride sem conductor
substrate wherein: a groove is forned on one nain surface; and 15 an inner
perimeter surface of said groove includes a section on which surface
treatnent is performed in order to snmoot4® said inner perineter surface.

surface of said groove.

10. A method for making a light-emitting device according to claim 9 wherein,
in said surface treatment step, a surface layer of said inner perimeter surface
of said groove is removed by performing reactive ion etching.

5 11. A method for making a light-emitting device according to claim 10 wherein,
in said surface treatment step, a thickness of said surface layer removed by
said reactive ion etching performed on said inner perimeter surface of said
groove 1s greatef than an average diameter of abrasive grains contained in a
dicing blade ﬁsed in groove forming step.

10 12. A method for making a light-emitting device according to claim 10 or claim
11 wherein, in said surface treatment step, a reaction gas used 1n said reactive
ion etching contains chlorine gas.

13. A nitride semiconductor substrate wherein:
a groove is formed on one main surface; and
15 an inner perimeter surface of said groove includes a section on which

surface treatment is performed in order to smooth said inner perimeter surface.



