1 LIGHT-EM TTI NG DEVI CE BACKGROUND OF THE | NVENTION Fiel d of the Invention
5 The present invention relates to a light-emtting device. Mre
specifically, the present invention relates to a light-emtting device
formed froma nitride sem conductor. In the present invention, a
"light-emtting device" may refer sblely to a seniconductor el enment or a
sem conductor chip forned essentially froma nitride sem conduct or
substrate and a 10 sem conductor |ayer |am nated thereon, or may refer
solely to a device wherei DQICHTSEMEOMNGIPEVEOEP i S nounted on a nounting
part and sealed in resin. Also, the termnmay be used with both of these
nmeani ngs at the sane tinme. The sem conductor chip nay also be referred to
sinply as a "chip". Also, in a chip, the substrate and the epitaxial |ayer
formed thereon may be referred to sinply 15 as a "substrate”. Description

of t hSHaKKkifr9 APF THEINYENTINt e 1ight-emitting di odes (LED) are

frequently used for illumnation and conpact el ectronic devices such as
port aligld ¢ff thieMatvie@Biont €r m nal s. However, there is the potential that they
may be used for 20 illumnation in | arge spaces or over large areas in the

future. To ke it ossi bl.e to L for. LIl um pnation of |arge spaces
and | arge gﬁ%as?retsﬁrelgl iné\ﬁetntm&t f)‘%j‘?%%% E{%EI% t eﬂléltplﬁlgr eased é/ﬁ[ "Strat egy
for increasing LED light output is to allowthe light 2 generated within
t he LEPe¢ificadyethe ditefenty inyempian welathe toueshglet-emding device formed

from a nitride semiconductor. In the present invention, a "light-emitting
device" may refer solely to a semiconductor element or a semiconductor chip
formed essentially from a nitride semiconductor substrate and a
10  semiconductor layer laminated thereon, or may refer solely to a device wherein
a semiconductor chip is mounted on a mounting part and sealed in resin. Also,
the term may be used with both of these meanings at the same time. The
semiconductor chip may also be referred to simply as a "chip”. Also, in a chip,
the substrate and the epitaxial layer formed thereon may be referred to simply
15  as a "substrate".
Description of the Background Art
Currently, white light-emitting diodes (LED) are frequently used for
1llumination and compact electronic devices such as portable information
terminals. However, there 1s the potential that they may be used for
20 illumination in large spaces or over large areas in the future. To make it
possible to use LEDs for illumination of large spaces and large areas, the light
output of LEDs must be increased.

One strategy for increasing LED light output i1s to allow the light



i nprove light extraction efficiency. In one proposed technol ogy for
inproving light extraction efficiency, e.g., see Japanese Lai d-Qpen Patent
Publ i cati on Nunber 2003-69075, a nitride sem conductor layer is grown on a
base 5 substrate fornmed from sapphire or the |ike. The base substrate is
removed fromthe grown nitride semZonductor |ayer, and the surface of the
resulting nitride sem conductor substrate formed fromthis nitride

sem conductor |ayer is processed by wet etching, dry etching, abrasion, or

the Ii oL mGaviit i a rojectigps (j.e. . te f .@a non- specul ar
sur 1 aESfetdtel SHAR. ki TmDTRS 1) BEEAERED et 10 1Bs' R "SBo3R80075, ¢ ne
formation of these cavities and projections reduces optical interference
caus edpyova lighp | extraationc eifisignayn Inene prongsgd teehnelognfer amprapsye ate, t hus
inmproving |light extraction efficiency. However, in the technol ogy descri bed

i n JapighesextkaitibiOpdficiBatgné.g.,Podd Japhhose Maid€dpaiDB8:t680 Publidativet et chi ng,
which is the sinplest nmethod 15 for formng cavities and projections, is

used, ave - 2ad the nitbri jconduct or
subst PORoE! PROOEB8R7E" K wRi R BRI TR SOl diE PTG (o
ngg renpve thg)ele %rodes). Thi s B{EY'nt the predeterm ned current from
be? ngsubsigptedormedhfrore stnpture gesthe likepdhe Ea@e SHPeHake 1geemvedr esul ti ng
inthe inability to performas a light 20 emtting device and the inability
to préondeha droght nétridd sagidediuctorwayer, ampriheechirfaghdf ed reailtiog
efficiency. The object of the present invention is to overcone the probl ens

oot bRGHLOROUR AR BIGHLAE Bkl AR, Ade hsholhdnigied [Tt 3
is processed by wet etching, dry etching, abrasion, or the like to form cavities
and projections (i.e., to form a non-specular surface). In Japanese Laid-Open

10 Patent Publication Number 2003-69075, the formation of these cavities and
projections reduces optical interference caused by multiple reflections in the
nitride semiconductor substrate, thus improving light extraction efficiency.

However, in the technology described in Japanese Laid-Open Patent
Publication Number 2003-69075, if wet etching, which is the simplest method

15 for forming cavities and projections, is used, and electrodes have already been
formed on the nitride semiconductor substrate surface, the wet etching
operation may damage the electrodes (or may remove the electrodes). This
prevents the predetermined current from being supplied from the electrodes to
the light-emitting device, resulting in the inability to perform as a light-

20 emitting device and the inability to provide a light-emitting device with
improved light extraction efficiency.

The object of the present invention is to overcome the problems

described above and to provide a light-emitting device with improved light



A light-emtting device according to the present invention includes: a 5
nitride sem conductor substrate; an n-type nitride sem conductor |ayer on a
first main surface side of the nitride sem conductor substrate; a p-type
nitride sem conductor substrate positioned further away fromthe nitride
sem conductor substrate conpared to3the n-type nitride sem conductor | ayer;
and a light-emtting |ayer positioned between the n-type nitride

sem conductor 10 layer and the p-type nitride sem conductor |ayer. The
p-typgﬁﬂ%ﬁﬁbg%ﬂﬁagﬂl onductor | ayer side is down-nmounted and light is
emtte roma second nmin surface, which is a main surface opposite from
the first main surface of the nitride sem conductor substrate. The second
mai n surface of the nitride sem conductor substrate includes a region
formed with cavities and projections. 15 Also, the light-emtting device
descr ShAdVRORY O FCH Ed@VBEINTHIONt r ode formed on the second main surface of
the nitride sem conductor substrate and a protective filmforned to cover
t he side wal{;-pi- : d . I ~em it Is the present
nvent i on, s BaseTIEIY SRR Fecolid B thi brelBht hiich R yiBulby! 1O BT CPCT:
tgf side wall of the electrode, when 20 the second Hain surface (the N

sur f aBETiSle seraicendusiistubatEgter an B tyRG nigrIg8seapiceniiuetor layen ogs dr med wit h
cavities and projections), it is possible to reduce the chance that the

si de fiedtl main shefaet astda ofithennitirideesexmicondact obysubktrate;chipriypeapéridei on,
resulting in the renoval of the electrode fromthe second main 4 surface of
the C@é}b%ggg)e&;re- sibsiPatchy phefiibiad afﬂtﬁafecta\%@p%@ngntﬁ@e fitfige vall

(side surf of the electfode In this nanner, ossible to formthe

el ectrode g ttt})e S c%ncierr%i n s%rf%c of X h% CE%N substr gltl hgeid gf, time
bet or € TRHERABRUE LG e (GO RATCFs i PP ARTTRIP SRl oD AREAT RSS! ect r ode
et Oand a light-emitting layer positioned between the n-type nitride semiconductor
10 layer and the p-type nitride semiconductor layer. The p-type nitride
semiconductor layer side is down-mounted and light is emitted from a second
main surface, which is a main surface opposite from the first main surface of
the nitride semiconductor substrate. The second main surface of the nitride
semiconductor substrate includes a region formed with cavities and projections.
15  Also, the light-emitting device described above includes an electrode formed on
the second main surface‘ of | the nitride semiconductor substrate and a
protective film formed to cover the side wall of the electrode.
In the light-emitting device of the present invention, since the protective
film is formed on the side wall to protect the side wall of the electrode, when
20  the second main surface (the N surface of the GaN substrate) is to have a non-
specular finish (formed with cavities and projections), it is possible to reduce

the chance that the side wall of the electrode will be corroded by the etching

operation, resulting in the removal of the electrode from the second main



5 be forned on the main surface on the second main surface after the second
mai n surface has received a non-specular finish, it is possible to prevent
probl enms such as the inability to reliably form el ectrodes on the second
main surface that has received a non-specular finish (formed with cavities
and projections), i.e., the electrode tends to peel away fromthe second
mai n surface 10 or wire bonding becones difficult during subsequent nounting
to the lead frame. Also, by formng the protective filmon the side wall of

the elsﬁf‘;ft é)q)? ht h@awggggttrage JABY dﬁgt%)on iR ?grcf)t%?‘g&h li%?{;‘f}reems | ng device

can ba Téd uce Y6t ner er a
regi on of the secong 15 mai.n surface on mhlch t he electrode is to be forned,
appl ymdl ssidemugfrcedodtherqlagtzpde pnnidns mepamer, dbyepossikle todpimgthene

el ectrode). Also, by formng the protective filmon the side wall of the

el ect ekderode ofeder sb@thdabheyia, stffacel dfctheo Gl agubierdter akshdaifofimet he
non-specul ar finish when the second main surface is flat, thus maintaining

good i afac : 'o e t he
nitriggﬂggéggo &?%?&%ﬁg%@ﬁ9§$aﬁﬁﬁsaaﬂ?ggﬁﬁﬁ., :Qg%gkf %ﬁre§$§ﬂénce at the
contact section can be made  adequately low, providing a light-emtting

de¥i cbevﬁomeélmért}algrmmrgﬁvr@ﬁﬁs{m she secend inaaiay swifape @fternidiecseiond t he drive
vol tage (power consunption) of the 5 light-emtting device. Al so, since
cavi t mesnasdrfate|led rocdved ea frameskovlat Heniskc ohds nisaibls utf peeverd gr eat er
surface area on the second main surface can be provided conpared to when

cavi tp?él%lﬁ i ac%%h@pﬁaﬁﬂﬁxe%trefl W‘i‘or@%l@cti@é&é‘ dn th %Q% ored GiinPe

effic rom cav ections, us providing a

surface that has received a non-specular finish (formed with cavities and
projections), i.e., the electrode tends to peel away from the second main surface

10 or wire bonding becomes difficult during subsequent mounting to the lead
frame.

Also, by forming the protective film on the side wall of the electrode, the
number of production steps for the light-emitting device can be reduced
compared to other methods (e.g., forming a film over a region of the second

15 main surface on which the electrode is to be formed, applying a non-specular
finish, removing the cover, and forming the electrode).

Also, by forming the protectiye film on the side wall of the electrode as
described above, the electrode can be formed before the non-specular finish
when the second main surface is flat, thus maintaining good adhesion at the

20 contact section between the electrode and the nitride semiconductor substrate.
As a result, the contact resistance at the contact section can be made
adequafely low, providing a ‘light-emit‘.cing device with superior light emiésion

efficiency without increasing the drive voltage (power consumption) of the



light-emtting device with high light extraction efficiency. Wth the
present invention as described above, a protective filmis fornmed on the
side wall of the electrode so that cavities and projections can be. forned
on the second main surface of the nitride sem conductor substrate 10 w t hout
elimnating the electrode. As a reswt, it is possible to provide a |light-
emtting device with high light extraction efficiency. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a drawi ng showi ng an enbodi nent of an LED serving as

a 154]} -emtti device according to the present invention. Fig. 2 is a
per spygthlgj\(}témggg\%dﬁg%sehow ng the n-electrode of the LED shown in Fig. 1.

Fig. 3 i1s a_drawing show ng a_|ayered structure containing the |ight-
em tting | &er smceheavifipsigndRrojections prey formpd en dhenspepnshaniny t he
state of a wafer when a chip having the structure shown in Fig. 2 is to be

t aken shirfaoe t hegiwater sutfage drehsord the awicbgd Shaiv Borfabe camr Bagaieidedof the
el ectrodes shown in Fig. 4. 6 Fig. 6 is a drawing showng a first

alter [ £ AL ' . Qf of di the. present
ventrRieE Kok en Haule  PRE R c 40 EOMASEAL ALY ML RAET
perspective drawi ng showi ng the n-electrode of the 5 LED shown in Fig. 6.
Fig. gapderibecianthyextaarasyiramsbeg favitles shprajectesnsnthas grogking #hodi nent
of an LED according to the present invention shown in Fig. 1

light-emitting device with high light extraction efficiency.

With the present invention as described above, a protective film is
formed on the side wall of the electrode so that cavities and projections can be
formed on the second main surface of the nitride semiconductor substrate

10  without eliminating the electrode. As a result, it is possible to provide a light-

emitting device with high light extraction efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a drawing showing an embodiment of an LED serving as a
15  light-emitting device according to the present invention.
Fig. 2 is a perspective drawing showing the n-electrode of the LED
shown 1n Fig. 1.
Fig. 3 is a drawing showing a layered structure containing the light-
emitting layer of the LED in Fig. 1.
20 Fig. 4 is a drawing showing the state of a wafer when a chip having the
structure shown in Fig. 2 is to be taken from the wafer.
Fig. 5 is a drawing showing the arrangement of the electrodes shown in

Fig. 4.



through Fig. 5. Fig. 9 is a sinplified perspective drawi ng show ng an

n-el ectrode of the 10 LED shown in Fig. 8. Fig. 10 is a sinplified draw ng
showi ng an LED of a first conparative sanple. Fig. 11 is a sinplified
drawi ng show ng an LED of a second conparative sanple. 15 Fig. 12 is a
graph showi ng the rel ationship betwgen cavities/projections size and |ight
out put. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The enbodi nents and exanpl es
of the present invention will be 20 described, with references to the

drawi ngs. |ln the drawi pgs, like elements will be assigned |ike nunerals and
their descFiHhtifrs W |dramenghehewieat adfirsh g@lternsivies exarepdsodifnent of an
LED serving as a light-emtting device according to the present invention.

Fig. embsdampat spaet LE® de@niiit o sHOpra@marintenti6s td0sowh ihMeiglED in Fig.
1. Fig. 3 shows a |layered structure containing the light-emtting |ayer of
the L | i 1. An enbodinent of an LED according to the present
inventﬁ?gﬁ%q’% gé described, with references to Fig. 1 through Fig. S. 5 As
shown in F ed structure_containing a |light-emtt

'Eg. 1, a layﬁr hﬁg | ayer that
will be deftFi'btedaisHopafigdperapegtivendravpiag) shewingdhe pelacsadegdehes” ar e
di sposed on a first main surface side of a GaN substrate 1. In this
enbodLidhthowhhia Rigebectrode 12 is down-nounted on a | ead-frane nount 2la
using a conductive adhesive 14.
Fig. 8 is a drawing showing a second alternative example of an
embodiment of an LED according to the present invention shown in Fig. 1
through Fig. 5.
Fig. 9 is a simplified perspective drawing showing an n-electrode of the
10 LED shown in Fig. 8.
Fig. 10 is a simplified drawing showing an LED of a first comparative
sample.
Fig. 11 is a simplified drawing showing an LED of a second comparative
sample.

15 Fig. 12 is a graph showing the relationship between cavities/projections

size and light output.

DETAILED DESCRIPTION OF THE INVENTION
The embodiments and examples of the present invention will be
20  described, with references to the drawings. In the drawings, like elements will
be assigned like numerals and their descriptions will not be repeated.
Fig. 1 shows an embodiment of an LED serving as a light-emitting

device according to the present invention. Fig. 2 is a perspective drawing



10 A second main surface la of the GaN substrate 1 is a surface that emts
light emtted by the light-emtting |ayer, and an n-electrode 11 is di sposed
on this surface. This second main surface la is formed with a non-specul ar
finish section (a rough section with cavities and projections) formed by
wet etching using KOH as the etching solution. The n-electrode 11 is

di sposed roughly at 15 the center of the second main surface |a so that not
all of the surface of the second nain surface la is covered. However, it is

i npor{ant.to have a .l ar r riian he n-.el ectrode 11 uncovered. Wth
2P ar SR R oY FicPpis e DR i o B SR BB Y RERE T eucea
and the em ssion efficiency of the light emtted to the outside is

i ncr ee@tainipg thepighteemitieng layer 3¢ the flabrindFign 1t o eindedivment of anhe

n-el ectrode 11. The protective film30 can be a conductor such as a netal,
e.g., LAl &@&ordﬁﬁﬁ{ a8 thenstésahPinvelteorPkAllekd idéScribédN wRhCATeRG1cbOrtBEd from
any material as long as it 1is resistant to the etching solution used in the
wet ei:‘§hi1”§1rge§ﬁrﬂ"be§ above. As 8 shown in Fig. 2, the protective film 30
coverS the"Srde wafl >of the n-electrode 11, and includes a flange 30a with
an outer dianeter D2_that extends over the second main surface |a adjacent
t @ t he n- efashewaeimFig. A, solayeted piryctee epataining adightemilding layeext ensi on
that covers the outer perineter section of the upper 5 surface of the

n- el egh4todell e dAbaISed hie dHrAr1a3eF faacletled 1ikeeandel gebleeti®ddll2 tahe
protective film30 is forned with an opening 35 with a dianeter D3 that

; ' f SUr he n-el de 11..Th
oxP? sEBrBe TR P b IR RO AT e R it 35 kRS Embainl e, UPPE"

electrically connected to a |l ead 21b of a lead frane by way of a wire 13.
The the welectradand? tise dowpemoynsed i i deaddrampemonpoyvélaresisgafied with an
epoxy

conductive adhesive 14.

10 A second main surface 1a of the GaN substrate 1 is a surface that emits
light emitted by the light-emitting layer, and an n-electrode 11 is disposed on
this surface. This second main surface la is formed with a non-specular finish
section (a rough section with cavities and projections) formed by wet etching
using KOH as the etching solution. The n-electrode 11 is disposed roughly at

15  the center of the second main surface 1a so that not all of the surface of the
second main surface 1la is covered. However, it is important to have a large
proportion of the n-electrode 11 uncovered. With a large opening ratio, the
light blocked by the n-electrode 11 is reduced and the emission efficiency of the
light emitted to the outside is increased.

20 A protective film 30 is formed on the side wall of the n-electrode 11. The
protective film 30 can be a conductor such as a metal, e.g., nickel, or an
insulator. The protective film 30 can be formed from any material as long as it

1s resistant to the etching solution used in the wet etching described above. As



based resin 15 serving as a sealing nenber. In the structure described
above, the layered structure fromthe GaN substrate 1 to the p-el ectrode 12
is showmn in detail in Fig. 3. In Fig. 3, the layered structure is
vertically inverted relative to Fig. 1. 15 As shown in Fig. 3, an n-type
GaN epitaxial layer 2 is positioned8on top of the GaN substrate 1 and an
n-type Alx@l-,tN layer 3 is formed on top of this. On top of this, a

mul ti-quantumwall (MW 4 is forned froman AlxGai -xN |ayer and an

ol 1 o e o O Bt o Rap kYot B RFAe &y 20 Y

| ayer 3. Also, a p-type GaN |ayer 6 is disposed on top of the p-type AlxGai -
xN | aged 18¢cludgsts dlagigeudda vath et onbrrd digiaeter PR hateantendoovenkbe pl ace at
the multi-quantumwell 4. Also, as shown in Fig. 1, a p-electrode 12 is

f or megkcand m A Ffaba 8 ddacdntaorht Pelecalyde ayie Al o, Shet iatedtie £RAI re upper
surface of 9 the p-type GaN layer 6 is covered. Next, referring to Fig. 4

and Fi@. t r i in. Fig. u Fig. 3 will
pe. acedindugPs R 8hngRly IR Qehs Pob bl Biflad By Shetiord of HREURDE. .
structure as,shown in Fig. 2 is tQ be harvested fromthe 5 wafer. Fig. 51is
a & i gendagenelt therrigdectrndent - Abiedide wiren sufaesadshenvalectiodei gl tha, First, a
substrate preparation step (S10) is perfornmed. Mre specifically, a GaN

subst pattective gilgp@dOeds fdhired withngneogeding 35 Wil avdibathterdd3 ahat MOCVD
(metal organic chem cal vapor deposition), a |layered structure (Si 10 doped

085 Eh FHodoB SohugE R, Rt ayer serving es aclad
The upper surface of the n-electrode 11 expoSed through the opening 35
1s electrically connected to a lead 21b of a lead frame by way of a wire 13. The
10 wire 13 and the layered structure described above are sealed with an epoxy-
based resin 15 serving as a sealing member. In the structure described above,
the layered structure from the GaN substrate 1 to the p-electrode 12 is shown
in detail in Fig. 3. In Fig. 3, the layered structure is vertically inverted relative
to Fig. 1.
15 As shown in Fig. 3, an n-type GaN epitaxial layer 2 is positioned on top
of the GaN substrate 1 and an n-type AlkGai1xN layer 3 is formed on top of this.
On top of this, a multi-quantum wall (MQW) 4 is formed from an Al;Gai N
layer and an AlxInyGaixyN layer. A p-type AlxGai1xN layer 5 is disposed so
that the multi-quantum well 4 is interposed between it and the n-type AliGai-
20 <N layer 3. Also, a p-type GaN layer 6 is disposed on top of the p-type AliGai-
«N layer 5. In the structure described above, light emission takes place at the

multi-quantum well 4. Also, as shown in Fig. 1, a p-electrode 12 is formed and

down-mounted on the p-type GaN layer 6 so that the entire upper surface of



consisting of a GaN | ayer and an I no.|5Gos5N | ayer / My-doped p-type

Al 0. 2Gao. SN | ayer serving as a clad |layer / M-doped p-type GaN |l ayer) is
formed on the first main surface of the GaN substrate. Next, this wafer can
be 15 activated and the resistance of the My-doped p-type | ayer can be
reduced. The wafer is etched with a O -based gas fromthe M-doped p-type
| ayer side to the Si-doped n-type l9ayer using photolithography and R E
(Reactive lon Etching). As shown in Fig. 4, this etching fornms el enent
separation grooves 25 that separate the elenments. 20 Next, an el ectrode

for mg%%gggﬁgma(§qgﬁ%li ?ﬁ??g‘{)"??&md More specifically, photolithography,

vapor ion, a Is performed on the N surface of the back,
which is t secegnd,mai n surfacgézof t he Gagl s&gbstr te, to_formn- electrodes
11 with a Nerburederring i Fimehardditg s anmetbod g he LELyshewr 10 chips
at a predeterm ned pitch (distance L2) (see Fig. 4 and Fig. 5). The n-

el ect ioddgll thanupk Figr Bedildbeadbsyrivedd Kipr dcshuves (ke atatengf hrwafdrhe bottom
Ti layer / Al layer / Ti layer / Au layer) in contact with the GaN

subst : . j -el ectrode

11 and R blin P98l b SchKfird 1S SRORWORLELEY B A06E bAFLURER A8 Bl e, "t he
N substrate is ated.in ﬁ nitrogen (N2) at spherg. xt, .a_protective

fi9 m Pofetadiigno 3¢ agigusdhat shpwsrthe semangapent ehelertrodas gg‘?wpﬂé Botecti ve

film30 as shown in Fig. 2 is fornmed to cover the side wall of the

n-el edtrode 11. The protective film30 is formed so that the center of 10

the opening 35 of the protective film30 is essentially aligned wth the

cont T 1 FHB ABOR PR 0cP orh et T ekphasting 111 m
a GaN substrate is prepared. Then, using a film-forming method such as
MOCVD (metal organic chemical vapor deposition), a layered structure (Si-

10 doped n-type GaN layer / Si-doped n-type Alo2GaosN layer serving as a clad
layer / multi-quantum well formed by stacking multiple two-layer structures
consisting of a GaN layer and an Ing15GaossN layer / Mg-doped p-type
Alp2GaosN layer serving as a clad layer / Mg-doped p-type GaN layer) is
formed on the first main surface of the GaN substrate. Next, this wafer can be

15 activated and the resistance of the Mg-doped p-type layer can be reduced. The
wafer is etched with a Cl-based gas from the Mg-doped p-type layer side to the
Si-doped n-type layer using photolithography and RIE (Reactive Ion Etching).
As shown in Fig. 4, this etching forms element separation grooves 25 that
separate the elements.

20 Next, an electrode formation step (S20) is performed. More specifically,
photolithography, vapor deposition, and lift-off is performed on the N surface

of the back, which is the second main surface of the GaN substrate, to form n-

electrodes 11 with a circular shape when seen from above at the center of the



Next, a non-specular finishing step (S40) is perforned. Mire specifically,
non-specul ar finishing is performed by perform ng wet etching on the second
15 main surface la of the GaN substrate 1. In this wet etching, a KCH
solution can be used as the etching solution. Next, a conductor |ayer

adj acent to the p-type GaN | ayer antihaving a predeterm ned thickness is
formed as the p-el ectrode. For the conductor layer, it would be possible,
for exanple, to forman N layer with a predeterm ned 20 thickness so that

LS chibeC ARl e AN @GhncB1%h A0 AL e MY 3) FhEdE! o M ned

t hi ckne can orne i'S over he ent rfa see Ihg 4 and
Fig. Si% In this case, in_order to have the contact resistance of the p-

el ect PlgErogad |k sn pedippedan alaseredatrusture (stakizne finmnshe baftes, The GaN 11

substrate can be heated in an inert gas atnosphere. As shown in Fig. 4 and
Fi g. bayexch Abilager s Tidafor edln daydéian edtitact kdtindaei @aNapletiags Iai de
surfaces, and the resulting chips formlight-emtting devices. As shown in

Fig. ér%ggl\#oi s L [hhBee AUl Ganl S pEALTRE OB ODNBLLNG HDEn ERIREC that the

p-typ ayer Sl cones 1 nto con nmount i ng
section thyg frane. The éonductlve dhesive 14 applled to the

nt PR ag%@ the tyaie he gpredotermped yalue dhendaMhsubsgitatei g  section
and al so provides conductivity. Then, after wire bonding is perfornmed to
prOV|ﬂea&ﬂhﬂu&tm&ngynbﬁ&h@mnoﬁﬁnwe:eIectrode 11 and the lead of the | ead 10
frame, an epoxy based resin 15 is used to seal the structure |n resin and

B?;rsnl Satl on 1?(r om %ﬂﬁe{;tﬁﬁﬂ%ﬁ% trf(%l:ﬂngtl%gw C§ (lls?’og/)v(r)%er %ﬂ)r OSSI e ?gt have
E:grereeglt’i’li‘caf %%lrpg, egﬁgie{:tt?weeeﬁlm as s%%Nwrll ?ﬁ/ T‘{g st tt(])ﬁmleldgtgtcogg %}Ee Ql edevi ce
wall of the n-electrode 11. The protective film 30 is formed so that the center of

10 the opening 35 of the protective film 30 is essentially aligned with the center of
the upper surface of the n-electrode 11. The protective film 30 can be formed
with any method, e.g., vapor deposition.

Next, a non-specular finishing step (S40) is performed. More specifically,
non-specular finishing is performed by performing wet etching on the second

15 main surface la of the GaN substrate 1. In this wet etching, a KOH solution
can be used as the etching solution.

Next, a conductor layer adjacent to the p-type GalN layer and having a
predetermined thickness is formed as the p-electrode. For the conductor layer,
it would be possible, for example, to form an Ni layer with a predetermined

20 thickness so that it is in contact with the GaN layer, and an Au layer with a
predetermined thickness can be formed above this over the entire surface (see

Fig. 4 and Fig. 5). In this case, in order to have the contact resistance of the p-

electrode and the p-type GaN electrode be a predetermined value, the GaN



nounting section. Al so, an Ag-based adhesive, which has good heat 15
conductivity, can be used for the conductive adhesive 14, and a CuW based

mat eri al, which has good heat conductivity, can be used for the | ead frane.
Fig. 6 shows a first alternative exanple of an enbodi nent of an LED
according to the enbodi nent of the pfesent invention shown in Fig. 1 through
Fig. 5. Fig. 7 is a sinplified perspective drawing show ng an n-el ectrode of |
the 20 LED shown in Fig. 6. The first alternative exanple of an enbodi nent

of an LED according t he pr.esent invention will be described, with
ot or cHESz ARG canbg hegted it pRgRen an B MEBNeRBwn [ n Fi g 6 and Fi g 7 has

essentially the sane structure 12 as the LED shown in Fig. 1 through Fig.
3, but theAshahewof in hEigprétant iKig. 4, | sarildagi 85 gieffoemmdt so Mirag elpci fical |y,
as shown in Fig. 7, the protective film30 is fornmed to entirely cover an

n- el eqhAdSrie8sPpar a¥Bid siscdd, GhA TRk EsSRARE hiMR G A AfthifdRIRRROVe.

Stat ed anot her way, the protective film 30 extends over the top surface of
the n-el ectrode, base. 31.sa that,. jt covers everything,fromthe. side wall of
the ndgrige, SushBRBnTIE o i Behbgmithing devic id formad b BOUBTinge i | m 30
includes a flange 30a fornmed so that it extends fromthe center of the n-

el 2ct chieshbibat Bie puynar@anlayhe sglecohnthenehip @mdésavgolcantddtewphothect i ve film
30 is formed froma conductor, and the n-electrode 11 is forned fromthe 10

pr ot eghditing kEatith and ofRRe Nefd B OIPh basEd dtivelAghaFvanagrticd tof he LED

shown in Fig. 1 through Fig. 3 can be provided with this structure.
Furthernore, since the protectiye £ilm30 .is formed t tirely cover the n-
el ect TBUGTEHEE S Sogtih RegRik Bl eittie divie and Re (BOYBFRS i ng the
etching used to formcavities and projections w thout having the etching
section and also provides conductivity. Then, after wire bonding is performed
to provide conductivity between the n-electrode 11 and the lead of the lead
10 frame, an epoxy-based resin 15 is used to seal the structure in resin and form a
lamp from the light-emitting device. In order to improve heat dissipation from
the light-emitting device, it would be possible to have the entire surface of the
p-type GaN layer of the light-emitting device come into contact with the
mounting section. Also, an Ag-based adhesive, which has good heat
15 conductivity, can be used for the conductive adhesive 14, and a CuW-based
material, which has good heat conductivity, can be used for the lead frame.
Fig. 6 shows a first alternative example of an embodiment of an LED
according to the embodiment of the present invention shown in Fig. 1 through
Fig. 5. Fig. 7 is a simplified perspective drawing showing an n-electrode of the
20 LED shown in Fig. 6. The first alternative example of an embodiment of an
LED according to the present invention will be described, with references to

Fig. 6 and Fig. 7.

The LED shown in Fig. 6 and Fig. 7 has essentially the same structure



15 damage the n-el ectrode base 31 of the n-electrode 11. Fig. 8 shows a
second alternative exanple of an enbodi nent according to the present
invention shown in Fig. 1 through Fig. 5. Fig. 9 is a sinplified

per spective drawi ng showi ng the n-el ectrode of the LED shown in Fig. 8. The
second alternative exanple of an enhigdi nent of the LED according 20 to the
present invention will be described, with references to Fig. 8 and Fig. 9.
The LED shown in Fig. 8 and Fig. 9 has essentially the same structure as the

LED sh [ ig. 6 Fig., 7, . d 32 s f d th ‘
apper "ouredaaDtiont TRt Ephined Fisf 3o BRERe SBHRE B Fhe PRofetonE HIRE) oct r ode
11 is 13 fornmed fromthe n-el ectrode base 31, the protective film 30, and

t he upders didlenenttMorgspedifieally.cieehowtanbBee Bithetpmotentoteefitinyd) i | m 30,
and the upper conductor 32 are all formed from conductors. The advant ages

provi deemby tbhentitdtp ®@hewnn R-dibé@rode dade 3. whidhf hhbe: RIreaRA sleRd | cation
can be provided with 5 this structure as well. Furthernore, by selecting a

conductor nmateri al sujt for_cqnnecti to the.w as the material for
Che” ugBin FBiEhORY pBY Hlard CanSRURRTM, Vs Bol iy e Bfin D SirRISP PR 75 ane

t he upper conductor 32. [First exanple] In order to study the advantages of
the | ithatopsurtacagpfdbeircelestrode diasg 31180 that Heopersevaryt pwnthe he

sanpl es descri bed bel ow were prepared and bl ue- |ight output values in

r espoRsde wWallPsedR! #ielddifsHeChddeedt $o \tRE CoprBasfacedAlsbhehe Pwﬂa@ﬁeéi faampl es wil |
be described first. (First invention sanple): The LED of a first sanple is

i oucl HRaE Ginds, 304 ToRBGaP g Bl Gt Ehls Mhhobe Fnedr i & o
al so essentjally the '
electrode base 31 outward on the second main surface 1a. The protective film
30 i1s formed from a conductor, and the n-electrode 11 is formed from the
10 protective film 30 and the n-electrode base 31. The advantages of the LED
shown in Fig. 1 through Fig. 3 can be provided with this structure.
Furthermore, since the protective film 30 is formed to entirely cover the n-
electrode base 31, the n-electrode 11 can be formed prior to performing the
etching used to form cavities and projections without having the etching
15 damage the n-electrode base 31 of the n-electrode 11.

Fig. 8 shows a second alternative example of an embodiment according
to the present invention shown in Fig. 1 through Fig. 5. Fig. 9 is a simplified
perspective drawing showing the n-electrode of the LED shown in Fig. 8.

The second alternative example of an embodiment of the LED according

20 to the present invention will be described, with references to Fig. 8 and Fig. 9.
The LED shown in Fig. 8 and Fig. 9 has essentially the same structure as the

LED shown in Fig. 6 and Fig. 7, but an upper conductor 32 is formed on the

upper surface of the protective film 30. More specifically, the n-electrode 11 is




sanme as the nethod for nmaking the light-emtting device described with
reference to Fig. 4 and Fig. 5. This will be described in further detail.
(51-1) An off-substrate of GaNwith a 0.5 degree offset fromthe c-plane
was used. The specific resistance of the substrate was 0.01 9 -cm the 20
di sl ocation density was fE7/cn2, ankP the thickness was 400 mcrons. (Si1-2)
MOCVD (Metal Oxide Chem cal Vapor Deposition) was used to formthe
following | ayered structure on the Ga surface, which is the first main

sur f agenRld fioen GaAN ﬁ*é@&ttf(ﬁieebaées'3'1dcﬂ%gpfbte&‘tﬁ)&‘e @ﬁht I38Y @nd tiRl @%?d n-type

14 Al o0.2Gao. 8N | ayer serving as a clad |ayer mul ti-quantum well forned by

Vo cSBRIR oo TR Sikca i PASFLPT B BrtReRR R A0 Bned B wBRiE et p- type

GaN Iayer) 5 éSl 3) The mevelength of the emtted light was 450 nm and the
i nt er¢ralductRras? e efl} famegtt fropn son duetars. ol e advontiges ryopided bathd by
conparing the PL (Photo- Lum nescence) strength at a |low tenperature of 4.2

K andLEDesiwn $h Ripg6 Andt Fig. 7aIthe rpedi! apai@tios & dbe pedvidpd Witk waf er was
actl vat ed and the resi stance of the doped p- 10 type | ayer was | owered.

Toe AL RIESIMRE, SRS s, RN TR,

1018)/cnB for the l\/gédo edéf) t%ﬁe GaN | ayer. (SI-5) This wafer was further
et cheleronpeetian th4bedvyasld po ¢ eatggialfop dbe prrBAsecongyeiors3Yeitts t he
Si -doped n-type | ayer using photolithography 15 and RIE (Reactive lon
Et chi pepsibléso a6l connéitGhedrirt Ni3sarad cid appeessnd@dor B2f he formation of the

el enment
[First example]
In order to study the advantages of the light-emitting device according
10  to the present invention, the samples described below were prepared and blue-
light output values in response to predetermined currents were measured. The
prepared samples will be described first.
(First invention sample): The LED of a first sample is equipped
essentially with the same structure as the LED shown in Fig. 1 through Fig. 3.
15 The method for making the LED of the first sample is also essentially the
same as the method for making the light-emitting device described with
reference to Fig. 4 and Fig. 5. This will be described in further detail.
(S1-1) An off-substrate of GaN with a 0.5 degree offset from the c-plane
was used. The specific resistance of the substrate was 0.01 & <cm, the
20 dislocation density was 1E7/cm2, and the thickness was 400 microns.
(S1-2) MOCVD (Metal Oxide Chemical Vapor Deposition) was used to

form the following layered structure on the Ga surface, which is the first main

surface of the GaN substrate: (Si-doped n-type GaN layer / Si-doped n-type



separation grooves 25, which separates the elenents. The wdth L3 of the

el ement separation grooves 25 was 100 microns. (S1-6) Photolithography,
vapor deposition, and lift-off were performed 20 on the N-surface, which is
the second main surface of the GaN substrate, resulting in the formation of
n- el ectrodes, which have circul ar sg_pes when seen from above, at the
center of chips at a pitch of L2 = as showmn in Fig. 4 (see Fig. 5).
The n-el ectrodes were fornmed as | ayered structures (starting 15 fromthe
bottom Ti layer 20 nm/ Al layer 100 nm/ Ti layer 20 nm/ Au |layer 200
nm i "AbatiaeN ldyeln sdwigaNis abstadafl@yer. / Thaltioptaattinr esdlbtfannedvs reduced
by heating the structure in a nitrogen (N2) atnosphere. (51-7) The

pr ot ecdibViginf 1HPe3 AwiREiyk P TRt AR SHOMTGAN HAd anlmQ;GhaiN ir?gtegr/qgger s the

side wall of the n-el eCtrode and extends to the outer peri t he
upper surface of the n- ctrode. Al so, th rotective fillm 30 ingludes a
P oaetoPaa Tt Al G SR Totuint S g Boety Advtonaatie FON he
n-electrode. In the protective film30, the dianmeter (inner dianeter) of

the odemérly 35 formed on the upper surface of the n-electrode is 70
m crons. Also, the outer dianmeter 10 (the dianeter of the outer perineter of

the flange @9a)) FRe WarlndthQreaie¥fiuddd HhniRab SobHhhHARR infiphn be seen

fromFig. 2, the position of the center e protective m 30 (the
Cont craintis RGP REt Paadowd tREBANNS (YHSh GERMDAVEL by RTIAILEF 120 f or i ng
the protective film30. Also, the thickness of the protective 15 film 30
was 50RLiBhotdLug)inResenceh strengthedd fow fienmipematvas efph2i Bdand thé@IN surf ace,
which is the second main surface of the GaN substrate 1. In the
non- spgeidh 4t Dk&dthPmperature of 298 K.
(S1-4) This wafer was activated and the resistance of the Mg-doped p-
10 type layer was lowered. The carrier concentration determined by Hall
measurement was 5E17 (5 x 1017)/cm?3 for the Mg-doped p-type Alp2GagsN
layer, and 1E18 (1 x 10!8)/cm3 for the Mg-doped p-type GaN layer.
(S1-5) This wafer was further etched with a Cl-based gas from the Mg-
doped p-type layer side to the Si-doped n-type layer using photolithography
15 and RIE (Reactive Ion Etching).
As shown in Fig. 4, this etching resulted in the formation of the element
separation grooves 25, which separates the elements. The width Lz of the
element separation grooves 25 was 100 microns.
(S1-6) Photolithography, vapor deposition, and lift-off were performed
20 on the N-surface, which is the second main surface of the GaN substrate,
resulting in the formation of n-electrodes, which have circular shapes when

seen from above, at the center of chips at a pitch of Lz = 2 mm as shown in Fig.

4 (see Fig. 5). The n-electrodes were formed as layered structures (starting



operation, selective wet etching was perforned using an aqueous KOH
solution as the etchant. An aqueous KOH solution of 8 nol/liter (1) was used
as 20 the etchant. The etchant and the sanple (the GaN substrate in which
the n- electrode 11 and the protective film 30 are forned on the N surface
as described above) are placed in alBeal ed container, with the sanple
imrersed in the etchant. Then, with the seal ed container in a seal ed state,
the tenperature 16 inside the sealed container was set to 110 deg for 1

hour.  A%R theHidtiom C@marye?szo ﬁﬂP/Rﬂ%fé&H@(ﬁ‘%n{l‘rﬁ"ﬁ 1696780 R /LAE 18RGoNd mai n

surface (N surface) t'he GaN substrate 1 e average prolectlon hei ght
of the vities and pro t 15 m . The Ga surface side, which
is thezgﬁd%mlt))f 1 fentEgk| ‘&ﬁg &alﬁﬁs R?Xﬂt@ eI ESRIAEH TEBISIRRGE F3Ss f or ned,
was | eft as a specul ar surface wi t hout beln tched. For the seal ed

cont ai nedycedrlyy bemtting hbe startue tsaditregbnyJ)astmospheaa. hol d t he etchant and
the sanple inside and can provide isolation (sealing) fromthe outside. In

order to setsi-ng MRMPAIREUTE IS BHGyHN%05RE 84 SRMRIAN ! © sPtiMefdet er m ned
PRt ag P

tenperature as described above, it woul 0 be possi 10 the seal ed

Certber B8 ThE ALl BAVR! the beleorone AekLRPAGS bt BHEG: BOUPE MR ( he

container, and a controller controlling the heating nmenber such as a heater
based oppeheutfanpef dhemceliatraddeAdst, élie protavdivieciiye 38X ncbudrasas dleevgent
menber (by turning the heater on and off or by increasing or reducing the

15 cur peatthatRR RIS d9tol iR Et?c%hﬁrﬂlalﬂ §hr@ee 'a‘?lgaée'i'ﬁ 18- HeChlelQifode2 N | ayer

having a thickness of 4 nm was orne in confact wwth the p-type GaN | ayer,

N AN el 00 Rt GRS 0 lor AMAIED (Bt B Bibhe surface

on the upper surface of the n-electrode is 70 microns. Also, the outer diameter
10  (the diameter of the outer perimeter of the flange 30a) D2 of the protective film

30 1s 130 microns. As can be seen from Fig. 2, the position of the center of the

protective film 30 (the center of the opening 35) is roughly aligned with the

position of the center of the n-electrode 11. Nickel (Ni) was used as the

material forming the protective film 30. Also, the thickness of the protective
15  film 30 was 500 nm.

(S1-8) Next, a non-specular finish was applied to the N surface, which is
the second main surface of the GaN substrate 1. In the non-specular finishing
operation, selective wet etching was performed using an aqueous KOH
solution as the etchant. An aqueous KOH solution of 8 mol/liter (1) was used as

20 the etchant. The etchant and the sample (the GaN substrate in which the n-
electrode 11 and the protective film 30 are formed on the N surface as
described above) are placed in a sealed container, with the sample immersed in

the etchant. Then, with the sealed container in a sealed state, the temperature



This was heated in an inert gas atnosphere, resulting in a contact

resi stance 20 of 5E-4 Q cnR. (51-10) Then, as shown in Fig. 4, scribing was
performed so that chip boundaries 50 appeared as side surfaces and the
resulting chips fornmed light- emtting devices. The light-emtting device
chips were forned so that the light 17 em ssion surface was 1.9 nmo (a
square with sides having length 1.9 nij, and the light-enmitting |ayer was
1.9 mo. Mre specifically, in Fig. 5, L1=1.9 mm and L2=2 mm Al so, the

el enent separation groove width L3=100 microns. (S1-11) Referring to Fig. 1,

the chipgide MMUBEALdSOntiider thes Bott %0@1@@5'% for |lal¥<ﬁ1r A8 Rbufkhea Gl is N

contact with the mounting section 2la of 't lead frame, resulting in a

| ight-em t|n eV| ce. The conduc adhesive 14 | i unting
seot | orabaPEelhs Fetmowied (i bheisoran i AbrABh N Agrtaeek of she and
provi des conduct|V|ty (51.12) In order to inprove heat dissipation fromthe

| i ght - el swhptra@ Helhe ayerdge piujectivas henglvitod dhe wavitaes ahe penjectionsur f ace
of the p-type GaN |layer of the light-emtting device cones into contact

Wi th thga80BNhidens Phé O surbh&PsidaNwhicPRSER 488 tNE GANLGhshas 690d heat
conduct|V|ty, was selected for the adhe5|ve and a CuWbased materi al,

h ha 0 eat ondu tivit etedfor tihe | e Asa
Fosi . Wi B Tt AR it dormdficuBs 185 050 sPheylRe v T v By ot
Furthernnre after wire bonding the n-electrode and the | ead of the |ead
frame tbﬁlpg&tcld@i dtant theuseajed ganteposy -useantpusirrcanabe wsed asdosgals it he
structure in resin, formng a lanp fromthe light-emtting device. (First

conpar addn/BoRR¢RRY &lchahib andEReodarpld insid<e AR aA prRiERIRIRid1S (sealing)
from the outside. In order to set the temperature inside the sealed container to
a predetermined temperature as described above, it would also be possible for
10  the sealed container to be installed with a heating member such as a heater, a
temperature measurement member for measuring the temperature inside the
container, and a controller controlling the heating member such as a heater
based on the temperature data detected by the temperature measurement
member (by turning the heater on and off or by increasing or reducing the

15 current supplied to the heater).
(S1-9) For the p-electrode, an Ni layer having a thickness of 4 nm was
formed in contact with the p-type GaN layer, and an Au layer having a
thickness of 4 nm was formed on the entire surface on top of this (see Fig. 4).
This was heated in an inert gas atmosphere, resulting in a contact resistance

20 of 5E-4 Q cm?2.

(S1-10) Then, as shown in Fig. 4, scribing was performed so that chip
boundaries 50 appeared as side surfaces and the resulting chips formed light-

emitting devices. The light-emitting device chips were formed so that the light



20 equi pped with a structure essentially simlar to that of the LED of the
first exanple of the present invention, but, as shown in Fig. 10, cavities
and projections are not formed on the N surface of the GaN substrate 1 (the
N surface is in a specular state), and the protective film30 (see Fig. 1)
is not 18 forned on the side wall f7the n-electrode 11. Fig. 10 is a
sinplified drawing showing the LED of the first conparative sanple. The

nmet hod for naking the LED of the first conparative sanple is as follows. 5
(52-1) - (S2-6): Essentially the same as (51-1) - (S1-6) of the first

exanpl emissiarh supfage emas 1Y emirofa sQE2rey With (sBPesl bvines bargthal Pyminie sanme as
(51-9) - (51-13) of the first exanple of the present invention. Mre

speci fagdlhy ,ligtH%QerHRﬁ%%dla%@f wWHRK] BOmbhte. $oks speGifRanat iy FiganpPLe=1.40 does
not include the step (51.7) for formng the protective filmor the step (SI-

8) for_form the cayiti and projections by etchi w t he KOH aqueous
ool ut | BRE ] Bt B fioiiis the Flifh ATt R b & SapE LT I Qb ronsen,
invention. (Second conparative sanple): The LED of the second conparative
sample is e@ﬁ-weﬁeﬁeirmgat%k‘@d; dhe chipiis mowdedrio Rldtythehe typer&iads t he LED
of 15 the first conparative sanple described above, but, as shown in Fig.

115 capiybt @deAbfltié @hRrCid BSoRtRt Wit iBtheORoLABINY SttioAC21a WRtRE 168d t he
second nmain surface of the GaN substrate 1, using a KOH aqueous sol ution.

AEAE HERN NEE BT A RN R S N
20 f0|t|00¥1v15e' mounting section secures the light-emitting device and the mounting
section and provides conductivity.
(S1-12) In order to improve heat dissipation from the light-emitting
10  device, the chip was mounted so that the entire surface of the p-type GaN
layer of the light-emitting device comes into contact with the mounting sectiqn.
Also, an Ag-based adhesive, which has good heat conductivity, was selected for
the adhesive, and a CuW-based material, which has good heat conductivity,
was selected for the lead frame. As a result, the obtained thermal resistance
15 was 8 deg C/W.

(S1-13) Furthermore, after wire bonding the n-electrode and the lead of
the lead frame to provide continuity, an epoxy-based resin was used to seal the
structure in resin, forming a lamp from the light-emitting device.

(First comparative sample): The LED of a first comparative sample is

20 equipped with a structure essentially similar to that of the LED of the first
example of the present invention, but, as shown in Fig. 10, cavities and

projections are not formed on the N surface of the GaN substrate 1 (the N

surface is in a specular state), and the protective film 30 (see Fig. 1) is not



(S3-1) - (S3 -6): Essentially the sane as (S1 - 1) - (S1 - 6) of the first
exanpl e of the present invention. (S3-7) was perforned as a step identical
to the step (S1-8) in the nethod 19 for naking the first exanple of the
present invention (the selective wet etching step). However, as a result of
this etching, the n-electrode was renoved from the N surface of the GaN
substrate. Also, in the section on wi8ch the n- el ectrode was forned,
cavities and projections simlar to those on the other 5 sections of the N
surface were forned. The average projection height of these cavities and

face | ci ght of these cavities a
Boa - anriRd b pecha®or N AOETRAY T T B ed VSR 1o,

the predeterm ned _n-el ectrode using a nmethod involving photolithography,
vapor doeuangithe LEAef the firsf somparpdses sa98Bla-n the step (S1-6) 10 of the
met hod for making the first exanple of the present invention. This is

bel i eved to Te hethuddot heakieg tHe LI of nhé Hersp ot dratiog r<aphylet ©cdnol ogy
remains in a localized manner at the cavities of the cavities and
projectignssin  the devel opment step, thus hindering the formation of the
n-el ectrode.” In order to performconparative tests, an n-electrode 11
having the %gﬁme structure as 15 _the n-el ectroge ir§ the step above was forned
usi Ag met al FasKi hdS21HenEsseméiallyathe esatpe aedbddli n @1adk vbdde fxsh
atnosphere to | ower the contact resistance. (S3-8) - (53-11): Essentially

t he sanrmaamplé Sf+BQ predemtih2dntddnt he first exanple of the present invention.
20 (S3-12): An attenpt was nmade to wire-bond the n-el ectrode and the | ead

of the |ead &pame. yd-1i1h: YRSAUIPIRS Plfet & ROTD)tNesi1Re ANdhdt REsPPer

example of the present invention.
More specifically, the method for making the first comparative sample
10  does not include the step (S1-7) for forming the protective film or the step (S1-
8) for forming the cavities and projections by etching with the KOH aqueous
solution as in the method for making the first example of the present invention.
(Second comparative sample): The LED of the second comparative
sample 1s equipped with a structure that is essentially the same as the LED of
15  the first comparative sample described above, but, as shown in Fig. 11, cavities
and projections are formed on the N surface, which is the second main surface
of the GaN substrate 1, using a KOH aqueous solution. Fig. 11 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
20  follows.
(83-1) - (S8 - 6): Essentially the same as (S1 - 1) - (S1 - 6) of the first
example of the present invention.

(S3-7) was performed as a step identical to the step (S1-8) in the method



surface of the n-electrode. In order to performconparative tests, the wire
13 and the n-electrode 11 were bonded using the conductive paste 40 as
shown in 20 Fig. 11, and a lanp was forned. (Tests and Results) The first
exanpl e of the present invention and the first and second conparative
sanples were installed in an integrgdi ng sphere. A predetermned 5 current
(4 A was applied, the light was focused, and the |ight output values froma
detector were conpared As a result, an output of 1.95 Wwas obtained from

the first f. th t t f.1.6 95 W
ob i 8P RATH BHEA T STl B e G aAD (He SRR ab B RE ve

sarrple 10 Also, the contact resistance of the n-el ectrode of the first
exanpb@pdf Hpmveprfe%emesuhv@ﬁthleretelmmg the m-electradd was vemovedgromt i ve
sanpl es were neasured using the TLM (Transm ssion Line Mdel) nethod. As a

resul the Nesurt 8fttheeciad! anbstate.t Asd)-i8l @Hé rs@@ﬁoﬁf ot Rehichr ghe gxanpl e of
the present invention was found to be 1E-5 . The contact resistance

t t th f t t d t
campl Bogaie i B2 ta PR3 Lr}iéw%?@ﬁsese fﬁg%} ¥ 0108 UdiFages vere

4 V for the first exanple of the present invention and the first
cdnpaseations efathsl B, surfacs were dormpd. ‘The aivgragoppaeetiow desghippletherhe
rel ati onshi p between the height of the projections in the cavities 20 and

proj egivieies ard pRetiond1®all HfdiatmsOAn Atefi WHOS A € form the n-
(cavities/projections size) and light output were deternined using a

tSIhgmr gﬁf f P)(()iﬁs %an e et N %{ne a%g %\fw%he rba!l:Ngsubs%ratlél %ut %g v&;ass glfﬁCl?l@QOt hat shows

form the predetermined n-electrode wusing a method involving
photolithography, vapor deposition, and lift-off as described in the step (S1-6)
10  of the method for making the first example of the present invention. This is
believed to be because the resist used in the photolithography technology
remains in a localized manner at the cavities of the cavities and projections in
the development step, thus hindering the formation of the n-electrode. In order
to perform comparative tests, an n-electrode 11 having the same structure as
15 the n-electrode in the step above was formed using metal masking. Then, the
sample was heated in a nitrogen (N2) atmosphere to lower the contact
resistance.
(S3-8) - (S3-11): Essentially the same as (S1-9) - (S1-12) of the first
example of the present invention.
20 (S3-12): An attempt was made to wire-bond the n-electrode and the lead
of the lead frame but it was not possible to bond the wire and the upper
surface of the n-electrode. In order to perform comparative tests, the wire 13

and the n-electrode 11 were bonded using the conductive paste 40 as shown in



bet ween cavities/projections size and light output. Referring to Fig. 12,
the 21 horizontal axis is the average projection height of the
cavities/projections section (non-specular surface) (average
cavities/projections size) in units of mcrons. Also, the vertical axis is
light output in units of W(watts).26s shown in Fig. 12, |ight output
especially inproves when the projection height exceeds 5 1 micron. In Fig.
12, the data for the first exanple of the present inventionis plotted with
a bIag# s?gare ?nd it can bqiseen that the results are roughly the sanme as
the rddBi {5 Bt ald@® VA5 si nul ati on. Next, although there may be some
overlap with the exanpl es described above, the exanples of the present

i nventTestswind Rbeulésmmari zed bel ow. 10 As shown in Fig. 1, Fig. 6, and Fig.
8, the light-emtting device according to the present invention is equipped

Wi th: a ni fMHed@rse BREHPIY GfOtheS pRsdddt Mventivn FRN AUDHrEALGL kecdd N-type
nitride sem conductor layer (the n-type Al Gai-xN |layer 3) disposed on the

first main _surface side of .thenit.ri de. .sem conductor subsirate; p-type

i i GG SAGIRS gt A BHRY b ipin S BRSPS PR Bing Mot
further away fromthe nitride sem conductor substrate than the n-type

ni Bri gureati dohd wasorpplagd rthealight wasgiecussd, tandhghe Lghsrowthwakads i - Quant um
Vel ) positioned between the n-type nitride sem conductor |ayer and the

P-t yp&rdthta kR cErMveRNEiahafed. VEh redtlie, Anlo@But B LIITIW SR shrathedt or | ayer
side of the light-emtting device is down-nounted, 20 and light is emtted

f h d | I l ch i [ ' f
the 1 e YRS By el Bl Bt fent Mt ORulliedr e M PatRPRie. s ccon

main surface la of the nitride sem conductor substrate _includes a region on
whi ch obtaineflefroandther djrettqoprparative; sammpde and the second comparative

sample.

10 Also, the contact resistance of the n-electrode of the first example of the
present invention and the first and second comparative samples were
measured using the TLM (Transmission Line Model) method. As a result, the
contact resistance of the n-electrode of the first example of the present
invention was found to be 1E-5 @ -cm2. The contact resistance outputs for the

15 first comparative sample and the second comparative sample were 1K-5 Q -cm2,
1E-3 Q -cm2, respectively. The drive voltages were 4 V for the first example of
the present invention and the first comparative sample, and 6 V for the second
comparative sample.

The relationship between the height of the projections in the cavities

20 and projections formed on the N surface of the GaN substrate 1
(cavities/projections size) and light output were determined using a simulation.
The results are shown in Fig. 12. Fig. 12 is a graph that shows the relationship

between cavities/projections size and light output. Referring to Fig. 12, the



22 Aso, the light-emtting device described above includes an el ectrode
(the n-electrode 11 or the n-el ectrode base 31) formed on the second main
surface la of the nitride sem conductor substrate; and the protective film
30 formed to cover the side wall of the electrode. 5 Since, as described
above, in the light-emtting deviceE@pcording to the present invention, the
protective film30 is forned on the“side wall of the electrode (the

n-el ectrode 11 or the n-electrode base 31) in order to protect the side
wal I, when a non-specular finish is applied by etching the second nain

sur f adeorizondhl taxes GaNtlsuserage projectionpbsighttl of tther eakitiesfphejeptiohabi | ity of
10 probl ens occurring such as the etching corroding the side wall of the n-

el ect rdBor1(m-§ Ml lsaetalce 3davitibi i¥né eHRYI el ectrode
11 or thg nge #?%#Ithg segoﬁganai%es%??g%éb?§&g$8?ie Gaﬁﬁgﬁﬁgﬁig{e 1.

Al so, by forpng,the protective.film30 on the si urface of the

6l oot rBtro s FlPS i Srar s YE ight Subine By PG e AL, ASRIB t he
second main surface la of 15 the GaN substrate 1 ahead of tine before

appl yiingfighd2nbght petnutagspeciliynimpenyes ivblaeh tlivo peojetigom hedgghtl exceeds t he
electrode is to be forned on the second nain surface |la after applying the

NOB- SPe&ib@In. fThFhi1ng tRE dab® S ERE dirsPbtaild 8C6he besent ihfeP9SFid! € O
prevent problens such as the unreliability of formhg an electrode on the

(v t1EGeA it o ek BoRe Ryl BBRTRE rim i R ESaRR AR PR o .

electrode 11 or the like to be peeled away fromthe second main surface |a.
By f orsginkgyas hlee pestlecohtaandd fmonBohepimnukatyinde wal | of the electrode in this
manner, it is possible to reduce the nunber of production steps for the

light 23  Next, although there may be some overlap with the examples described
above, the examples of the present invention will be summarized below.

10 As shown in Fig. 1, Fig. 6, and Fig. 8, the light-emitting device according

to the present invention is equipped with: a nitride semiconductor substrate

(the GaN substrate 1); an n-type nitride semiconductor layer (the n-type

AliGai1xN layer 3) disposed on the first main surface side of the nitride

semiconductor substrate; a p-type nitride semiconductor layer (the p-type

15 AlGaixN layer 5) positioned further away from the nitride semiconductor

substrate than the n-type nitride semiconductor layer; and a light-emitting

layer (MQW: Multi-Quantum Well) positioned between the n-type nitride

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

nitride semiconductor layer side of the light-emitting device is down-mounted,

20 and light is emitted from the second main surface la, which is the main

surface opposite from the first main surface of the nitride semiconductor

substrate. The second main surface la of the nitride semiconductor substrate

includes a region on which cavities and projections are formed.



emtting device conpared to other nethods (e.g., a nmethod in which a filmis
appl i ed ahead of tinme on a region of the second main surface |a on which the
el ectrode (the n-electrode 11 or the n-el ectrode base 31) is to he forned,
the non-specular finish is applied, the filmis renoved, and the el ectrode
is then 5 fornmed). Also, by formng the protective film 30 on the side wall
of the n-electrode 11 or the n-el &4 rode base 31 as described above, it is
possible to formthe electrode ahead of tinme when the second nain surface
la is flat, before non- specular finishing is applied, thus naintaining good

adhesi on Algohechgongﬁ%nﬁ&l gcciév% s M) tdz%vs'ﬁl%ﬁﬁ&%e afndelAs a2

substrate 1. As a r cont act resi stance at cont act sect i on can

it nOBE WP Glesy Lt bt T PivsPiss Rgsd ) aPRon Gbitbagetoturn | O

consunption) of the light-emtting device. Since caV|ties and projections
are fourfeck da dfhthesnitonid sanivoadut@resdlstratd; aadddscprdiectieddilm, 3@ great er
surface area can he provided by the second nmain surface conpared to if

CaV'tﬁﬁﬁm@ﬂ%(B%Qk%ﬁé§R¥§%&ﬁQﬁtﬁ8%hLQﬁﬂﬁﬂ As a result, light can be

eff|C|entIy extracte mthe cavities and prolectlons a light- emtting
vice with high | extraction effjciency can be provided. In the

st uct ure 'JEEer ?Béi?% 89 ,ahoye, }Pttk)‘?)élé’i‘l teRpitag devies apens, & theg the back

surface (the second nmain surface) of the nitride sem conductor substrate

(t he @BxNentibaventien,]}the whivtdrtivasfibml 8y iel fectedcan theskslicawadl offths, current

can flow through the entire nitride sem conductor substrate even if the

n- el e&ﬂé&ﬁ@&e %@hé A- efl&ftg@dje Wt tﬁesfxrgléctﬁ)%%abs%p%i Srdek- tgﬁyro?eclt 3hge opening

ratio. ares the rate I'i ght orption at t em ssion surface

is red ced )
s1d6 wall, W(}ilen a non-specular finish is applied by etching the second main

surface 1a of the GaN substrate, it is possible to reduce the probability of

10 problems occurring such as the etching corroding the side wall of the n-

electrode 11 or the n-electrode base 31, ultimately removing the n-electrode 11

or the like from the second main surface la of the GaN substrate 1. Also, by

forming the protective film 30 on the side surface of the electrode in this

manner, it is possible to form the electrode on the second main surface 1a of

15 the GaN substrate 1 ahead of time before applying the non-specular finish

described above. As a result, if the electrode 1s to be formed on the second main

surface 1a after applying the non-specular finishing of the second main surface

la, it is possible to prevent problems such as the unreliability of forming an

- electrode on the second main surface la after non-specular finishing has been

20 applied (cavities and projections have been formed), e.g., a tendency for the n-
electrode 11 or the like to be peeled away from the second main surface 1a.

By forming the protective film 30 on the side wall of the electrode in this

manner, it is possible to reduce the number of production steps for the light-



| ight em ssion efficiency is inproved. O course, light can be emtted not
only fromthe second nain surface but also fromthe side surface. The sane
applies to the light-emtting device described below. 5 Also, the p-type
nitride sem conductor |ayer side with the high electrical resistance is not
the light em ssion surface, the p-%ége el ectrode | ayer (the p- electrode 12)
can be fornmed over the entire surf of the p-type nitride sem conductor

| ayer, thus providing a structure that is suitable for dissipating

generated heat even if heat needs to be dissipated in response for a high 10

cur r edthittiMy 8o wibE eohipeabl o dther mesthbHs t(b @NSa MIRPRAGnIWRILIP ahEeRA £ €l at ed
factors can be significantly relaxed. As a result, there is no need to
u

reduce glectyical . resistance hy .g., ing. a c - shaped . structure with
b or TuSEARESTbE £S 0B Ao at B iebabd M sdR o8 el 8t e can
substrate 1 has superior conductivity, 15 there is no need to provide
specidectppde ddi neelectrode tllyor dhe sueéetmdetlm}es&)t suto bedovnednghé n superi or
vol tage resistance. Al so, since there is no need to perform conplicated

pr ocessi-BfeclaPdiiiih 98 applicle thedidn &sseB¥PeNSiNE th8 10’6 1@ dheOr €
easily. In the light-emtting device described above, the nitride

s§n‘i (C:t:éﬁ%%a%or 20 substrate can be fornmed from GN or Al ,Gi- N (O<x<=1). If
t he Substrate 1 is used as the nitride senm conductor substrate, a high
current densit%ycan be _applied, allowing the light-enmtting device to em't

light witAkpghy famingnide praterthieghlm 38 aothe sidexwalhos she pyelegrpdag t he

nitride sem conductor substrate 25 from GaN or Al xGat-xN (0<=x<=1), it is
possi bl ertihel afdledthedd-BRsé | 3108k -deaiibbd ngboRy it &) poskible ookl dlee

sem conductor substrate with good heat
electrode ahead of time when the second main surface 1a is flat, before non-
specular finishing is applied, thus maintaining good adhesion at the contact
10  section between the electrode and the GaN substrate 1. As a result, the contact
resistance at the contact section can be made adequately small, thus providing
a light-emitting device with good luminous efficiency without increasing the
drive voltage (power consumption) of the light-emitting device.
Since cavities and projections are formed on the second main surface 1a
15 as described above, a greater surface area can be provided by the second main
surface compared to if cavities and projections were not formed. As a result,
light can be efficiently extracted from the cavities and projections, a light-
emitting device with high light-extraction efficiency can be provided.
In the structure described above, the n-type electrode 11 is formed on
20 the back surface (the second main surface) of the nitride semiconductor
substrate (the GaN substrate 1), which has a low electrical resistance. Thus,

current can flow through the entire nitride semiconductor substrate even if the

n-electrode 11 is formed with a small covering ratio, i.e., a large opening ratio.



conductivity, i.e., good heat dissipation. Thus, adequate heat dissipation
is provided even when high current density is applied, making it possible
to 5 reduce damage to the LED from heat. This nmakes it possible to provide a
light- emtting device that can output stable |ight over a | ong period of
time. In the light-emtting device ¢dgscribed above, the protective film 30
can, as shown in Fig. 2, be forned with a ring-shaped outer shape that
covers the side wall of the n-electrode 11 and extends al ong the outer wall

of the n 10 Ie rode Th er surface of. the el.ectrode 11 can
i ncl ud¥ ane ate&ﬂxg@ﬁ a@ﬁalf tien aht %6%?%911@91& isredeedd. vad i | m 30.

Also, in this Ilght emtting device, the material used in this protective
fil m 3ghtamiseios ¢ffeiermy isnsapraved. Ocﬁrcoarseoriig}rttmn bd/eneittydenotl onlyl |y, for
the material used in the protective film30, exanples of conductors include

Ni, A‘froxﬂthe%‘écoﬁ@ nM%n éalf;fac@butqmo% the s@éggﬁkﬁée ofhd @ﬁﬁieaél?ﬁﬁesi ncl ude

SiO, SiOxN1-xSINx. In this case, I's possible to easily perform

oper a S.S as,.bondi n ed for connecting to the outside of the
chip &%ggﬁ@ggi68§§Hnggfyﬁ%dﬁﬁ?ﬂ%ﬁgbeﬁﬁber surface of the n-electrode 11
Furthernore, since a section of the upper surface of the n-electrode 11 is

exposed andlsdithegxpaseditedetseoncosduded laypr2ddevavh dke higlhelettican with t he
outside with the wire 13 or the like, it is possible to use insulative

mat er 'ré’é1§ta'=iﬁ:eVE| ﬁotaﬁleCHgHy@hhgﬁoﬁ%tu%fdél ghé oF t;lﬂéeelBEﬁ%ﬁétlhy@r (thiel g0 30 T ormed
on the side wall of the n-electrode 11 Thus, "there is a greater ~ degree of

freed t Lect film30. .26 As sh
0 Figie éei?fﬁ??% ng o i ovBhihenf b TG & dReC PTRER BUGGE, the

protectlve film30 can be formed froma conductor and can extend fromthe
si de wemicafducher layer ethusopiovindiag Bstraictwierihadss shiataplle firr digeipabinghe

generated heat even if heat needs to be dissipated in response for a high
10  current. More specifically, the restrictions imposed due to heat-related factors
can be significantly relaxed. As a result, there is no need to reduce electrical
resistance by, e.g., using a comb-shaped structure with interleaved p-
electrodes and n-electrodes.
Furthermore, because the GaN substrate 1 has superior conductivity,
15 there is no need to provide special protective circuitry for surge voltages, thus
resulting in superior voltage resistance. Also, since there is no need to perform
complicated processing, production can be made less expensive and performed
more easily.
In the light-emitting device described above, the nitride semiconductor
20 substrate can be formed from GaN or AlyGaj N (0<x<=1). If the GaN substrate
1 is used as the nitride semiconductor substrate, a high current density can be
applied, allowing the light-emitting device to emit light with high luminance

and high luminous flux. Also, by forming the nitride semiconductor substrate



upper surface so that it covers the upper surface. In this case, since the 5
protective film 30 covers the entire n-electrode base 31, it is possible to
reduce the possibility that the n-electrode base 31 will be damaged by the
etchant wused in etching performed for the non-specul ar finishing operation.
Thus, since the possibility that tP® etching will renove the n-el ectrode
base 31 fromthe second nmain surface la is reduced, the application of
non-specul ar finishing 10 (the formation of cavities and prolectlons) makes
it po I e | yaPrAVLIE I| ht - e Linge devi oved |ight
extra§§m§A§%¥Plglégé§é (Qﬁomﬁ % '% g&%h%aﬁo Orgltﬁﬁe 1 lggﬁtttlng
device can al so i clude an upper eIectrode (an_upper conductor 32) formed
on t hemgbtéegcdevieek usis@ nibyide opemingndnetarpsubsteetl seithr g8od fhesh nat eri al
suited for wire bonding, it is 15 possible to reliably and easily perform

Wi re bendligtivityy fenneotl heet dipepatic@nThesonddquitd heab dExdipatish iser m nal or
the like. Exanples of materials that can be used for t he upper conductor 32
i ncl ude I -.eni d he

cavi tges‘Ag% néi’regi & e|910tr}]12§h cdé%p%nt P% Elltggj‘g %@ﬁ% {elgggc‘go%g%?rglttﬁ) surface.
It is possible that the side 20 wall. of the electrode (the n-el ectrode 11
orb t heednce danpge éo bhe &5 frammheps Bhivagalienit rorsiide dhimgviders bekid to form
the cavities and projections, but the present invention is able to reliably
pr evesmitting deyiee thht damegepdstahée EpHeovewd lod péHed ef emhé.ode from et ching
with the protective film30. In other words, 27 the present invention is
especi al l'y WL E J i and

proj ecti onyﬁlgqg&l\rﬁﬁ%%ﬁt % c%h%éﬁ&rfp?ﬁb&ﬁe%hﬁtb%(&p eé\g ‘gazn’descrl bed

b dt bst r at bthGathtl,d
?t O:,/\gapﬁ g‘é(%{,éh"gg aielga q(;‘?neu gf?rh asrl{ngsg sil%pgdco%r%er eshapg that chlrjerg t[ila € an
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side wall of the n-electrode 11 and extends along the outer wall of the n-
10  electrode 11. The upper surface of the n-electrode 11 can include an exposed

section that is not covered by the protective film 30. Also, in this light-emitting

device, the material used in this protective film 30 can be either an insulator

or a conductor. More specifically, for the material used in the protective film 30,

examples of conductors include Ni, Au, Pt, Ag, W, Mo, Pd, Cu, Cr, and
15  examples of insulators include SiOx, SiOxN;-xSiNx.

In this case, it is possible to easily perform operations such as bonding a
wire used for connecting to the outside of the chip to the exposed section of the
upper surface of the n-electrode 11. Furthermore, since a section of the upper
surface of the n-electrode 11 is exposed and this exposed section is used to

20 provide a connection with the outside with the wire 13 or the like, it is possible
to use insulative materials as well as conductive materials for the protective
film 30 formed on the side wall of the n-electrode 11. Thus, there is a greater

degree of freedom regarding the material used in the protective film 30.



5 etching to be inplenented as wet etching using a KOH solution as the
etchant (etching solution). Also, it would be preferable for the second main
surface la to be an N surface. By using KOH as the etchant, cavities and
projections can be easily fornmed on the N surface, which is the second nmain
surface. This sinplifies the 10 ope&6ation conpared to form ng the cavities
and projections through machining, e.g., dicing. As a result, the production
costs of the light-emtting device can be reduced. In the light-emtting

devi ce descql hedwRabay &rigt l@eaﬁ@t 155% il%ht'% ttlﬁ%e&éxﬁ%i?iegé ed

n-el ectrode 11 or the n- electr base | east one o 15 the

el enen elected from roup, of, al u um (Al tungs
pl ati rﬂilmveph}e DYECHR B A8 G bR do PP e &0@9 sepef Pert et o red

from nultiple Iayers, and the outernost |ayer (uppernost |ayer) of the
mul t i drem theyside wallsefethd moetettreds dmsad hmervisgrdsatie kelectamlectontls n gol d
(Au). This makes it possible to forman electrode with | ow contact

resi stfifce Wultcd @% gl@aﬁ“ﬁ? lch #8rsS EHA Qﬁi}f@%%x?ffaﬁélbﬁﬁ 3§ c(aTsQesﬁﬁzlé' pbstrate

1). As "a result, a - enlttlng device with superior light-emtting
icien rOV|de out .increasin he drive.volta ower

co sum&f)?%fﬁsveoﬁﬁeﬁ ‘W&ﬁ%glé bR eleieds Daay 1! Tl edsSinie taReriber | ayer

of the electrode contains gold, a wire forned 28’ fromgold can be easily

connedhede(s&ibih't&)cthded}letm'eﬂéwmd@bam)&l walydre damtamed by dberadeantas shown
in Fig. 1 and the like. In the light-emtting device descri bed above, the

structyieq iffetthg 541961064 for( fHtendh §b§rﬁﬂﬁ@ﬁ%1§}ilm lope£tibn eT'BGS r9d& base 31)
can be: a ayere§ 5 structure forned from starting fromthe second nain
surf agcge pd551b1i1 y tHER (the etching will remove the n-electrode base 31 from the
second main surface 1la is reduced, the application of non-specular finishing
10  (the formation of cavities and projections) makes it possible to reliably provide
a light-emitting device with improved light extraction efficiency.
As shown in Fig. 8 and Fig. 9, the light-emitting device can also include
an upper electrode (an upper conductor 32) formed on the protective film 30.
By forming the upper conductor 32 from material suited for wire bonding, it is
15 possible to reliably and easily perform wire bonding to connect the upper
conductor 32 with an external terminal or the like. Examples of materials that
can be used for the upper conductor 32 include Au and Al.
In the light-emitting device described above, the cavities and projections
can be formed by etching the second main surface. It is possible that the side
20 wall of the electrode (the n-electrode 11 or the n-electrode base 31) can be
damaged by the etching performed to form the cavities and projections, but the

present invention is able to reliably prevent this type of damage to the side

wall of the electrode from etching with the protective film 30. In other words,



/" aluminum (Al) / titanium (Ti) / gold (Au); aTayered structure formed from
Ti / A / Au; a layered structure forned fromW/ Au; or a |layered
structure formed fromTi / platinum (Pt) / An. In the light-emtting device
descri bed above, the projection height of the 10 cavities and projections
formed on the second main surface la of the GaN substrate 1 can be at | east
1 micron and no nmore than 300 microns.2Also, it would be preferable for the
projection height to be at least 2 mcrons, and at |least 3 mcrons nore
preferably. Also, it would be preferable for the projection hei ght to be no
nhor e tha@h@%@eﬁﬂlﬁrﬁ@%ntlﬁﬁﬁg e%%@&%ﬂ?‘@ﬂec'ﬂﬁeniﬁrﬁ ﬁpéﬂu&g? dghc ichand yet
nore preferably no nore than 50 m cCrons. The ventor %und the
light to th ext ct ed fromthff:) ht- emttl ng device is blue Ilght

setting F?ﬂé‘ PIBertHEISHHE withjedcings ~ nicron dramatical Iy i nproves
the |ight- extractlon efficiency. As a result it would be preferable for

t he projecti ofnhbedighttemii¢ing déwastdescmbed above) e, nithid20sdéthecopdapet i on
height is at least 2 mcrons, it would be possible to reliably provide

i npr ovedsiihghh e ¥anabd 188 65N GLBBGHte FUTARETEREEuld be! PRIFMIETHE Qhe hei ght
is approximately 300 microns, there is a saturation in the inprovenent in

<29 “Cbline 058 malbRERd pr oyt ER e gRe BPThAukd B3k S Hhtcr ons

provi des al nost no inpr overrent in light extraction efficiency while

i ncreasi fegching sgubioessAlsg, iti weuldheipreferable fordbessicagd theirpseifect ilens,
resulting in increased production costs for the light-emtting device.

A so, ifidpearNiseetdcen height is 5 greater than 300 mcrons, through-holes
may format sections of the substrate due to the thickness of the initially

prepared nitr B‘%eugi%@ f{%ﬁugst (%fle e%gﬁanétcamnes and projections can be easily

formed on the N surface, which is the second main surface. This simplifies the

10  operation compared to forming the cavities and projections through machining,

e.g., dicing. As a result, the production costs of the light-emitting device can be
reduced.

In the light-emitting device describedkabove, the material used for the

electrode (the n-electrode 11 or the n-electrode base 31) can be at least one of

15 the elements selected from the group of aluminum (Al), tungsten (W), and

platinum (Pt). The electrode can be formed as a layered structure formed from

multiple layers, and the outermost layer (uppermost layer) of the multiple

layers as seen from the second main surface la can contain gold (Au). This

makes 1t possible to form an electrode with low contact resistance with the

20 nitride semiconductor substrate (the GaN substrate 1). As a result, a light-

emitting device with superior light-emitting efficiency can be provided without

increasing the drive voltage (power consumption) of the light-emitting device.

Also, since the uppermost layer of the electrode contains gold, a wire formed



or, even if through-holes are not forned, the substrate at the bottons of
the cavities of the cavities and projections will be too thin, resulting in
a tendency for the substrate to break during subsequent processing. 10 The
proj ection hei ght described above can be the average hei ght of the

proj ections. Average height can be dgterm ned by neasuring a predeterm ned
nunber of projections and cal cul ating the average val ue thereof. Mre
specifically, three points can be picked randomy on the N surface of the
substrate and heights can be nea?ured for Bive random y sel ected projections
15 wi tfm i candiajeadily panvnegted (witewkendead) 4o ghe dmnermasédayegef thecat i on.
The height data for the 3 x 5 x 15 projections can be neasured, and the

aver agéectvaldy@asehotieinhBigght arthtlee titp. be cal cul ated to determ ne the average
hei ght. The enbodi nents and exanpl es di scl osed herein are sinply exanpl es

d t el e ] t ti i i di cat ed t
' 20"t e Tedlt ERLERILENE PP MachitBaCLBIRE sh SihRleLpy' R oot ed no
nodi ficatiopns within the scope of equival ences of the clains. In the

| i ght edartradenthgenielectspde He gF ddienn-elestands diseadhi candee’ adaversdduct or

substrate having high conductivity is used, cavities and 30 projections are

f of nedtatihefdrngll fron, st Sittih @ E@nb Yhe seéondrinagn sarRekiNg tiehiugt(@di ng, and a
protective filmis forned ahead of time on the side wall of the n-

el ectr, . . [ .aCt i fficienc ifpr oved

i 1o engmiASmS PPt Ty dRAe EXLEACEL IR Ll iR B0 T8 Vet

et chi 2’8 can be 5 reduced; (2) superior heat dissipation is provided, the
need 8 /phnd fyeredsbaictued Ermeasalrogt Wid b &% 4 laveredbharctate fawmed gh- out put
light em ssion is made possible; (3) superior conductivity is provided, the

need toomrTiVipletiaupr @ip¢Aivon
In the light-emitting device described above, the projection height of the
10  cavities and projections formed on the second main surface la of the GaN
substrate 1 can be at least 1 micron and no more than 300 microns. Also? it
would be preferable for the projection height to be at least 2 microns, and at
least 3 microns more preferably. Also, it would be preferable for the projection
height to be no more than 200 microns, more preferably no more than 100

15  microns, and yet more preferably no more than 50 microns.

The inventor found that if the light to the extracted from the light-
emitting device is blue light, setting the projection height to be at least 1
micron dramatically improves the light-extraction efficiency. As a result, it
would be preferable for the projection height to be at least 1 micron. Also, if
20 the projection height is at least 2 microns, it would be possible to reliably
provide improved light extraction efficiency. Furthermore, if the projection
height is approximately 300 microns, there is a saturation in the improvement

in light extraction efficiency. Thus, the upper limit of the projection height is



circuit to protect the light-emtting elenent fromstatic di scharge and
transient voltage is elimnated, and superior |large-area |light em ssion and
10 static voltage resistance is provided; (4) since there are no significant
di scontinuities fromhigh index of refraction to | ow index of refraction
going fromthe light-emtting layergto the substrate, total internal
reflection between the light-emtting |ayer and the em ssion surface tends
not to occur, which prevents reduced efficiency and resin degradation at

the side s ace caused b 5 total ,internal refl ion, thus nmaking the
pres eﬁﬁ% ﬁon\g@@t’?]&ﬁmé%i 5’59\{?‘%18? }gel\ﬁ}lﬁlé)? SRS than ggﬁtmﬁﬁoﬁ &40 Ssgch as
autonotive lighting devices. 31 What is clainmed is: 1. Alight-emtting

devi ca&lmentpnd simprovemsntr inddighdnestmadtion oeffisidwyr athdle amcreasiynge thetri de
sem conductor layer on a first main surface side of said nitride

sem CORRESIAE tBMBSehalRd Br Prb¥Ridk thé §RoReALAONGYGIPRe ih d%EFcaBO$! L i Oned
further away fromsaid nitride sem conduct'or substrate conpared to said

-t itrid i d | , d light;emtti | ay. iti d
Dot waekauHR o ln B e [LCEBHALBR AsTG: MpoybtbE RO Anitight b, ¢ 1 do
sem conductor |ayer, wherein said F-type nitride sem conductor |ayer side is

déwn- gneaterethamg00 ingisrons thmpughrdofasomas fewmvmtdsartions afithasabstvateh is a
mai n surface opposite from said first main surface of said nitride

sem c@dlustRE thidkeleka o the dhtiSIBF PREp MBI FHIdE e RbnaEtdr Hubkirdee
sem conductor substrate includes a region forned with cavities and

proj ections;. el gctrode is for.med on, sai.d_secon Ln surfa of said
ni t riYe TER If:%ﬁaﬁ%f}bﬁmge&b?fer 89§ for AL %Ylés&f?k?eafltg%bpgt%sr ﬁigh%nl y on a
side wall of said electrode, a portion of said second main surface adjacent
to satayigpeef theeawtwsandpraections wikktbertopdhin,oresvlting top temdeace of said
el ectrode to cover a side wall of said electrode, wherein: the side wall

coverfd thy substratOteBidaked htihBdubsdiuanit poddsdingur f ace of said el ectrode in
a planar direction parallel to the first main surface of said nitride

ST,k pRHRE AR BBl AT S LSS ot B L
=0 Slgjrt?)'jé(c’tions. Average height can be determined by measuring a predetermined
number of projections and calculating the average value thereof. More
specifically, three points can be picked randomly on the N surface of the
substrate and heights can be measured for five randomly selected projections
15  within the field of view when viewed at a predetermined magnification. The
height data for the 3 X 5 X 15 projections can be measured, and the average
value of the height data can be calculated to determine the average height.
The embodiments and examples disclosed herein are simply examples
and are not restrictive. The scope of the present invention is indicated not in
20 the description above but in the claims and includes all modifications within
the scope of equivalences of the claims.

In the light-emitting device of the present invention, a nitride

semiconductor substrate having high conductivity is wused, cavities and



Si O sub. xN. sub. 1-x, and Si N.sub.x. 2. Alight-emtting device according to
claiml wherein said protective filmis formed with a ring-shaped outer
shape that covers said side wall of said el ectrode and extends al ong an
outer perineter of said electrode; and an upper surface of said el ectrode
includes a section that is exposed &dd uncovered by said protective film

3. Alight-emtting device according to claim1l wherein said protective film
is extended fromsaid side wall of said electrode to cover an upper surface

of saipfofkBGhL ofiE- fofmel bh G- KPh{ LLNOsdaNiL gy agequ&%{}ggvggfesﬁ% Yk further

conpri SI ng an upper l ectro OI'ITE on sal rotec

i ght - e tt|n devi eacc d|n 1 .wherein, sai tles/ projections
sect i 8F|C 188¢ 6 IESE?/GC &Y% rﬁds %ﬁrﬂeiég% of e gprthgside ga \ﬂA ‘h “enitting
device according to claim1 wherein a material used to formsaid el ectrode

i s at elexarsdde. dwea maswti @) lightentteattionoeffichmnayr @upbe impirave hwhilet thegst en, and
pl ati num said electrode includes a |ayered structure forned froma

pl ur apogylbﬂitﬂ avar ﬁle W 1828 o4t SeIR?Rd! @é%aégd)%%’ &R ét@ﬁhﬁ ¥aRfhd avers as

seen fromsard second main surface contal ning emtting
deyi ce to wherein, a tion h ht of . said

cedi ¢ rednth el it Bl ishireom isButdert whe Mo P res 5 famplen 300
mcrons. 8. Alight-emtting device conprising: a nitride sem conduct or

subst edgatroden strucyweesnist elidenated, candl dugbroutpay dighin emibsiont ismaiadesur f ace
side of said nitride sem conductor substrate; a p-type nitride sem conduct or

| ayer pBRsibld; AIPCupdtibnen ARty g%m&mh&&%a%%m%& (Rl rat e

onpared to said n-type nitride sem conductor layer, a 't ght-enitting

aer OSltIOI’ledbe nS|dnt e |tr| esemco | ayer andsald
ooty BT (G PLREt ot Nt TRAIE \ilerErh Sl SOy a iR aede an

sem conductor |ayer side is down-nmounted and |ight _| s emtted froma second
mai n $rarseet veliagh isselammmiteds anfdasepeppodarge-dreamlighdi einissiat amdi n surf ace
of said nitride sem conductor substrate; said second main surface of said

Mari deatis e%lﬁégéd%%%"taﬁdéb%r fr@vﬂl@&' L(f4)95s1ﬁcé egial Hi96 "R Wighhfieaw ties and
projections; an electrode is torned

discontinuities from high index of refraction to low index of refraction going

from the light-emitting layer to the substrate, total internal reflection between

the light-emitting layer and the emission surface tends not to occur, which

prevents reduced efficiency and resin degradation at the side surface caused by

15  total internal reflection, thus making the present invention suitable for a wide

range of lighting products such as automotive lighting devices.



32 said second main surface of said nitride sem conductor substrate; and a
protective filmis fornmed only on a side wall of said electrode, a portion
of said second main surface adjacent to said el ectrode and an outer
perimeter portion of a top surface ofy;;said electrode to cover a side wall of
said el ectrode, wherein: the side wall covered by the protective filmis an
outernost surface of said electrode in a planar direction parallel to the
first main surface of said nitride sem conductor substrate, and the

pr ot ec¥hatés dldimoed isonpri ses a conductor. 9. A light-enitting device according
to claim8 wherein said protective filmis formed with a ring-shaped outer
shape 1 AalphtEiging dsade@ompiiinga {ulmd@fsexﬁ@érﬂu&ér%ﬁﬁs&%%%rtyp@ﬁﬁnemﬁn@h&ﬁ@r an

out er fb Efs‘meiB S Qsldee&f‘s%r (ﬁ n&l@tof’&;%&%fte;% émﬁ(fie sHidnglpt rode
i nclu sex S oectlv f|Im
10, AR ?SI f?*ﬁ% Y?f frdn Sl : fipgtate i ve
filmis B @YEy ghﬁ-eglﬂ ?twe@ 198@8“! ecwn toapper
surf ad@/ebmdsb:@sd@ tmeé%mdwmlcomlcmlawrg\ﬁherwaa@ -fyge aibide eunigendueteli lagr ids ig| ai m 10
f ur t helownangumnied amdlightiis enpitfedrfroel ®sebomideaid surfres] whith $ed thainpurdice opposie fiank m 12. A
| i ght -sgidi firdt infih GefdeCet said Dirdl sidoftueloniubktRitanEad §€c&1(151@£1ﬁ strfiet bf Q&Y g ect i ons
sect | c&@micén&u%f@ﬁstﬁbé mcﬁfd@smﬂa off RlnfeSHIHAHIEBh p 6 efbrodéislfbrll oM t 11 ng
f'g‘” C%Fﬁ%&t%ﬁ }nE SLPé %{rﬁégﬂ?u?tg%%ﬁfa’te éu‘?z kR fé]fcﬁﬁfefoﬁ § tGLOdgn d
o ar i AN velio Saéqua d%P(?rWE’I 0 ¢l i segond g, PEP sadielsrands

pl ur alPeEEReter PortiPn af &top girfage ¢fisaid gle M@@tcovqayélﬁle well %féﬂld elsetrpdg, wherping the ﬁld«;/er s as
seen fwallmovaedbysheprotdctivaifim san oaternastmutfade ol sai ¢jesitrdde 14 pladar dingdtion pariltet i ng

devi ceo #rcirstdhahg surface bdaid Biride sergitondactrsabsaate] @id theprghttiveffilmabmhprises an

cavi t iRl Omelﬁ&hg’“a‘t 1e84 C bikeO MndtcFiaP tsele @& trol Mhé T QBu;ﬁQﬂnd"s@ingDéfe Sidhaup x300

M cr onge &o%iNfﬁbl')%Md'S‘?N‘sﬁﬁ 4 ng device according to claim8 wherein the
protective mcoénprises a conductor including at |east one materi al

el ecte omthe group consistjng of N, Pd, Cu and
S g hg[l t-emitting deice lzjlgcord?ngstl) clatn, P wherein sdid profectllz\)/te film ?s fonvl\{edwvstz)lﬂl a n%g—s e(?

outer shape that covers said side wall of said electrode and extends along an outer perimeter of said
electrode; and an upper surface of said electrode includes a section that is exposed and uncovered by said
protective film.

3. A light-emitting device according to claim 1 wherein said protective film is extended from said side
wall of said electrode to cover an upper surface of said electrode.

4. A light-emitting device according to claim 3 further comprising: an upper electrode formed on said
protective film.

5. A light-emitting device according to claim 1 wherein said cavities/projections section is formed by
etching said second main surface.

6. A light-emitting device according to claim 1 wherein a material used to form said electrode is at least
one material selected from the group of aluminum, tungsten, and platinum; said electrode includes a
layered structure formed from a plurality of layers, with an outermost layer of said plurality of layers as
seen from said second main surface containing gold.

7. A light-emitting device according to claim 1 wherein a projection height of said cavities/projections
section is at least 1 micron and no more than 300 microns.

8. A light-emitting device comprising: a nitride semiconductor substrate; an n-type nitride semiconductor
layer on a first main surface side of said nitride semiconductor substrate; a p-type nitride semiconductor
layer positioned further away 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, wherein said p-type nitride semiconductor layer side is
down-mounted and light is emitted from a second main surface, which is a main surface opposite from
said first main surface of said nitride semiconductor substrate; said second main surface of said nitride
semiconductor substrate includes a region formed with cavities and projections; an electrode is formed on
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said second main surface of said nitride semiconductor substrate; and a protective film is formed only on
a side wall of said electrode, a portion of said second main surface adjacent to said electrode and an outer
perimeter portion of a top surface of said electrode to cover a side wall of said electrode, wherein: the side
wall covered by the protective film is an outermost surface of said electrode in a planar direction parallel
to the first main surface of said nitride semiconductor substrate, and the protective film comprises a
conductor. '

9. A light-emitting device according to claim 8 wherein said protective film is formed with a ring-shaped
outer shape that covers said side wall of said electrode and extends along an outer perimeter of said
electrode; and an upper surface of said electrode includes a section that is exposed and uncovered by said
protective film.

10. A light-emitting device according to claim 8 wherein said protective film is extended from said side
wall of said electrode to cover an upper surface of said electrode.

11. A light-emitting device according to claim 10 further comprising: an upper electrode formed on said
protective film.

12. A light-emitting device according to claim 8 wherein said cavities/projections section is formed by
etching said second main surface.

13. A light-emitting device according to claim 8 wherein a material used to form said electrode is at least
one material selected from the group of aluminum, tungsten, and platinum; said electrode includes a
layered structure formed from a plurality of layers, with an outermost layer of said plurality of layers as
seen from said second main surface containing gold.

14. A light-emitting device according to claim 8 wherein a projection height of said cavities/projections
section is at least 1 micron and no more than 300 microns.

15. A light-emitting device according to claim 8 wherein the protective film comprises a conductor
including at least one material selected from the group consisting of Ni, Au, Pt, Ag, W, Mo, Pd, Cu and
Cr.





