1 LI GHT- EM TTI NG DEVI CE BACKGROUND OF THE | NVENTI ON Field 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 solely to a sem conductor elenent or a
sem conductor chip forned essentiallyifroma nitride sem conduct or
substrate and a 10 sem conductor |ayer |am nated thereon, or may refer
solely to a device wherein a sem conductor chip is nounted on a nounting
art and sealed in resin. o used with both of these
ﬁeani ngs at the sane ti miﬁgﬂngﬂdﬂggﬁmmvﬁﬁEp may al so 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 the Background Art Currently, white light-emtting di odes (LED) are

f requentg ACKEROTUND OF MHENXNVRNTMN conpact el ectroni c devi ces such as
portable information termnals. However, there is the potential that they

may be f O ilJ.umnation in | arge spaces or over large areas in the
fut ure. %s'}%ﬂrﬂi&éei%fwe’béggi ble to use LEDs for illumination of |arge spaces
and | arge areas, the light output of LEDs nust be increased. One strategy
for % ncreasi Adpel Eresenht invempian | selatesal toova t Mghitiegitting device. More

specifically, the present invention relates to a light-emitting 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
illumination and compact electronic devices such as portable information
terminals. However, there is 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 is to allow the light



generated within the LED to be efficiently output to the outside, i.e., to
I nprove light extraction efficiency. In one proposed technol ogy for

i mproving |ight extraction efficiency, e.g., see Japanese Lai d- Open Patent
Publ i cati on Number 2003-69075, a nitride sem conductor |ayer is grown on a
base 5 substrate formed from sapphirepr the like. The base substrate is
renmoved fromthe grown nitride sem conductor |ayer, and the surface of the
resulting nitride sem conductor substrate fornmed fromthis nitride

sem conductor | ayer  is processed by wet etching, dry etchin&, abrasion, or
t he |i k&enerated nvathint thes LBRJterhy efficientlyputput to ther autsideni.epetul ar
surface). In Japanese Lai d-Open 10 Patent Publication Nunber 2003-69075, the

format i ehpedvd lighe ekordctiodSeffitibndy. Thesiid PRSpIsBHUeeEnREyCRE iireviky ence
caused by nultiple reflections in the nitride sem conductor substrate, thus

n sapaneth PabatERT REALPRRT ooty SR YpphRUR! Thin' G BB5E PH RS Chi g,

which is_the sinplest method 15 for forning cavities and projections, is
used, ah\bneb@"ctz&ﬁe'§9<h’é5»eaalm@a@a/ gramicondnpon lavernas ngnownieons edi bageduct or
substrate surface, the wet etching operation nmay damage the el ectrodes (or

nay 5 enBubstirhee f06éd d8@) sappHise o gheeike. TR Pass &udktiaie dsCreni@rd f rom
bei ng supplied fromthe electrodes to the light-emtting device, resulting

in the | bt r I.oht em. hthng Vi C jinability
to provERa shpisheb, AR B8 Bdicllh 1550 BhA shhutloe By FE ol
efficiency, The object of the present invention is to overcone the problens

descri baridsosemigeadustes sihsieate formed- kam thispitede semiconduetor daxer | i ght 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



extraction efficiency. SUMVARY OF THE I NVENTION A light-emtting device
according to the present invention includes: a 5 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
substrate positioned further away fromgthe nitride sem conductor substrate
conpared to the n-type nitride sem conductor layer; and a light-emtting

| ayer positioned between the n-type nitride sem conductor 10 | ayer and.the
p-type nitride sem conductor layer. The p-type nitride sem conductor |ayer
si de i seBIRGLIABARGENEVRd |ight is enitted froma second main surface, which
is a min surface opposite fromthe first main surface of the nitride

sem conduct or substrate. The second main surface of the nitride

sem conductor substrate includes a region formed with cavities and

proj ect i ?ﬂﬁll&ﬁ Eﬁﬁqhtﬁpf ttlng devi ce descri bed above includes an
el ectro§ orrregpégn IfI e second main surface of the nitride sem conduct or
substrate and a Erotectlve filmfornmed to cover the side wall of the

el ectrode. | A Ugbtemjbing Hevies gegrding tofthenpreseas daventipanimchidessiance t he

protective filmis formed on the side wall to protect the side wall of the

el ecs r odétridvh esmicthdueeors eabstatatai an HtFRC Qitridee séinsesdareorolaydrcoral
substrate) is to have a non specular finish (formed with cavities and

proj ect alhtsu'risacgcsitzé gktht Bidr &{ggmlto%u%ban stpate, ta[}ﬁ;ﬁ]dﬁ Weteheof the

electro be corro n opera res
renoval of the el ectrode fromthe secon}urral n 4 surface of the &GN,
subst r af@migeneycter, sybsirate a RosgaeRed v durthes, oAwaxe Hoge the nitride

semiconductor substrate compared to the n-type nitride semiconductor layer;

and 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



wal | (side surface) of the electrode in this manner, it is possible to form
the electrode on the second nmain surface of the GaN substrate ahead of tine
before the non-specular finish is applied. As a result, when the el ectrode
is to 5 be forned on the main surface on the second main surface after the
second main surface has received a nop-specular finish, it is possible to
prevent problens such as the inability to reliably form el ectrodes on the
second main surface that has received a non-specular finish (fornmed w.th
cavities apd projections), i.e., the electrode tends to_peel away fromthe
second sHrkce i hee GadN subgirae.ndlsg By Feminsgsa @rptactivet fitmromghe wide quent
nmounting to the lead franme. Also, by formng the protective filmon the

si de walwalbf(sidbeswaifgsd) rafcthe éleetrode iiaethisfmpnaekCitiiepaskile thoforinhthe
light-emtting device can be reduced conpared to other nethods (e.g.,

¢ . : : ) . ohih
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cover, and formng the electrode). Alsqg, by fornng the protective filmon

t he si d@efarel thernenjepeswar fisdeh 48 appliedr Asetirepidbevhendhe eectredr izt be

formed before the non-specular finish when the second main surface is flat,

t hus5 nuaibeat firfiedgogahed male Suefacat o feZddcondtmain saefaconfbet veeRetdid
el ectrode and the nitride sem conductor substrate. As a result, the contact
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i ncreasi ng. the drive vol tage ower cansunption) of the 5 light-emttin
devi ce. problems such as the in%bilgtgr to relia?bqy form ele():trodes on the se%ond main J

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 protective 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
adequately low, providing a light-emitting device with superior light emission

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



Al so, since cavities and projections are fornmed on the second main surface,
a greater surface area on the second nmain surface can be provided conpared
to when cavities and projections are not formed. As a result, light 5 can be
efficiently extracted fromthe caviti%i and projections, thus providing a
light-emtting device with high light *extraction efficiency. Wth the
present invention as described above, a protective filmis formed on the
side wall of the electrode so that cavities and projections can be forned
on t he $ehtreitnitting dewideace of the nitride sem conductor substrate 10 wi t hout
elimnating the electrode. As a result, it is possible to provide a |light-
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THE DRAW NGS I's a drawmn an e serving as
a 15 ligh emttln% devi ce accordl ng to th pr esent |nvent|on ;1? 21is a
per spec fRTECEr 2vTegieh SHFiage tateanon|tBges0R cﬁ‘a%lhé‘uE%Ee @bke proveded 1

Fig. 3 i1s a drawing showng a |ayered structure containing the |ight-

em tti ngonppaeed ¢b when IcBRities hnd.prbjec2idnki are Aot foraneld.aMb ngrehudty hight he
state of a wafer when a chip having the structure shown in Fig. 2 is to be
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W1th 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 in 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. 7 is a sinplified perspective drawi ng show ng the

n-el ectrode of the 5 LED shown in Fig. 6. Fig. 8 is a drawing showi ng a
second alternative exanple of an enbodi nent of an LED according to the
present invention shown in Fig. 1 thrQugh Fig. 5. Fig. 9 is a sinplified
perspective drawi ng showi ng an n-el ectfode of the 10 LED shown in Fig. 8.
Fig. 10 is a sinplified drawing show ng an LED of a first conparative
sanple. Fig. 11 is a sinplified drawi ng showi ng an LED of a .second
conparative Bigipbeis 15 Brawing skowing’ aphfisdtoulftgnhtioer ekakiplesbf pakwet ween
cavities/projections size and |ight output. DETAI LED DESCRI PTI ON OF THE

descri bott D OEPR I A T Yo SRR The Yod bt B VA TRNn, 0RO Yoy Lo

will be_assigned |like nunerals and their descriptions will not be repeated.
Fig. 1 ShsoueRAgModi nent of an LED servi ng as a light-emtting device
according to the present invention. Fig. 2 is a perspective drawing 7

show ng an n-FigeGtis edsingflifidtbpbdpectivEidgawing Ehowisg $hewselacirage o€ dhe
structure containing the light-emtting |ayer of the LEDin Fig. 1. An

enbogi %Dogho@ﬂ% iﬂ-ﬁ% gecording to the present invention will be described,
with references to T

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



Fig. 1 through Fig. 3. 5 As shown in Fig. 1, a layered structure containing
alight-emtting layer that will be described in detail later and the |like
and a p-electrode 12 are disposed on a first main surface side of a GaN
substrate 1. In this enbodinent, the p-electrode 12 is down-nounted on a

| ead-frame nount 2la using a conductive adhesive 14. 10 A second nain
surface la of the GaN substrate 1 is a surface that emts |ight emtted by
the light-emitting |ayer, and an n-electrode 11 is disposed on this

sur f ace shawing secoetecteide ofitHeabED an iRigf br Fegl 3vshowa anbiyesed stutufe ni sh
section (a rough section with cavities and projections) fornmed by wet

et chi ng coﬂgiﬂgl%?gcﬁghg.gﬁﬁaﬁﬁ? N2%SeH {He BRD H‘F};gcg ateiﬁ’@cﬁiﬁﬁmjenit of ‘?1'115 }OOS ed

roughly at 15t enter of the 'second main sur so that not all of

t he sur of the second main.surface la s govered. However, it is

 por t atild SERG (PaEoDrGRaRIRYFBRoB ™ hbS B EbE . Bt TO GRS . Wt h
a large opening ratio, the |I|ight blocked by the n-electrode 11 is reduced

and t he Fagi kthmomgbfFigcBency of the light emitted to the outside is
increased. 20 A protective film30 is formed on the side wall of the

n-elgctrode Wk shbéh i Fes.eLtd ¥elrbd BtriRtGAN chiftafningy! ﬁ%h?fenggﬁ.?%m% metal ,

e.g., nickel, or an insulator.” The protective film 30 can . from
ver o chpt ilshs tBdetin e, dReiETaRE g e e Bnd hodisiorbude v2 T m 30
covers the side wall of the n-electrode 11, and includes a flange 30a with
an out edispiosedoara fiesttmain ewrfane sidevafra GadN substvate heimthiseidmdimansdj acent
to the n-electrode 11. Also, the protective film
the p-electrode 12 is down-mounted on a lead-frame mount 2la using a
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 1a 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 la 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

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



30 includes an extension that covers the outer perineter section of the
upper 5 surface of the n-electrode 11. Above the upper surface of the

n-el ectrode 11, the protective film30 is fornmed with an opening 35 with a
di aneter D3 that exposes a section of, the upper surface of the n-el ectrode
11. The upper surface of the n-electréhe 11 exposed through the opening 35
Is electrically connected to a |lead 21b of a lead frane by way of a wire 13.
The 10 wire 13 and the |l ayered structure descri bed above are sealed with an
epoxy bsbesinnedig. 25theepratectivs fibmsHhéivegs thesile whl dof the si-¢lectrode 1descri bed
above, the |layered structure fromthe GaN substrate 1 to the p-electrode 12

is sho | iRcHRR 4 1 i : [ . r re |
verti ol IRCRRIcA 8 fdhee 90q Swithlaul dhier diaRier PRt b eL{MEI Rk the |

GaN epitaxial |ayer I § positioned.on t 0 e, &GN substrate 1 and an
o type. Atondmaikisruier o asemtib i elftede H AR SRY B tariive AR o

mul ti-quantumwall (MW 4 is forned froman Al.G1-.N layer and an
Alx| ny G30-irelvideb ayreextesspprt yipat éjverSdhe dutkmyperineties séctpnsddhsauppgdrat t he
multi-quantumwell 4 is interposed between it and the n-type AlxGai 20 N

| ayey 3gufhse®of thé’nllf@r&RiN | AXBEvEths uf épgéﬁlﬂfegﬁg ﬁfbon%flectti’&ieoki,%‘h% Al xGal-

RN layer 5. In the structure described above, | em ssion takes place at
For med BRECHBRRbUN o BHRERowiZh FBOEeNnage: withs o ¢RaeEReDantte. upper
surface of 9 the p-type GaN layer 6 is covered. Next, referring to Fig. 4
and Fi gexpgsea anschion dfdhe mppengurfeseldfibhe moekectriodeBilg. 1 through Fig. 3 will
be described. Fig. 4 shows the state of a wafer
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 AlxGai«N layer 3 is formed on top of this.
On top of this, a multi-quantum wall (MQW) 4 is formed from an Al,GaixN
layer and an AlidnyGaixyN layer. A p-type AliGai«N layer 5 is disposed so
that the multi-quantum well 4 is interposed between it and the n-type AlGai-
20 N layer 3. Also, a p-type GaN layer 6 is disposed on top of the p-type Al:Gai-
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



when a chip having a structure as shown in Fig. 2 is to be harvested from
the 5 wafer. Fig. 5is a figure that shows the arrangenent of el ectrodes
shown in Fig. 4. First, a substrate preparation step (S10) is perforned.
More specifically, a GaN substrate i §npr epared. Then, using a filmformng
met hod such as MOCVD (netal organic em cal vapor deposition), a |ayered
structure (Si 10 doped n-type GaN | ayer / Si-doped n-type Al o.2Gao. SN | ayer
serving as a clad layer / multi-quantumwell formed by stacking nultiple

t wo- | ay the ptiypetGaNdayemfss soviergdof a GaN | ayer and an Ino.i5Gao. 85N | ayer /
My- doped p-type Al o.2Gao. SN | ayer serving as a clad |ayer / M-doped p-type
GaN | ayer) i Tt f4 i mdk8 . Next,
this wafer c?r?x{g’ce)f 15 alggit%/g?gédli gfriuaj %Igéy’rig{%tﬁgﬁggj of tﬂgghwg?‘%%tgggﬁtype

| ayer can . he reduced. The fer i,s et.c wth a C-based gas fromthe

My- dopetf ;flgyget raygh ];s(‘igdé ‘\f!\"guft?‘?ede@rltbegi;g%‘gnflt $hRwS &B@rseéﬁgﬁ Hga waler

phot ol i t hography and RIE (Reactive lon Etching). As shown in Fig. 4, this
et chi ngwhemna Ch{mhantngarsanmtuw agrshowasiP Fig.Hais tebpdraavestet dremethent s. 20
Next, an electrode formation step (S20) is perfornmed. Mrre specifically,

photp! | e FBys i¥ ARRFurdehas shb R hMitrhhkdmehi of SlceRiolRs FRAWANR P N

surface of the back, which is the second main surface of the GaN substrate,

to formn- electrodes 11 with a circul ar shape when seen from above at the
center 61f the 10 chips at a predeterm ned pitch (distance L2) (see Fig. 4
and Fig. 5). The n- electrode 11 can be forned as a |ayered structure
(starting fr&mmstha sbbstrete prepanagiparstep AS10hiseperforthed alore spegificaller) in
contact with the GaN substrate. In
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 Alo.2GaosN layer serving as a clad
layer / multi-quantum well formed by stacking multiple two-layer structures
consisting of a GaN layer and an Ing.15GaossN 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



order to have the contact resistance between the n-electrode 11 and the back
5 surface of the GaN substrate be a predeterm ned val ue, the GaN substrate
is heated in a nitrogen (NO at nosphere. Next, a protective filmformation
step (S30) is performed. More specifically, the protective film 30 as shown
in Fig. 2 is forned to cover the sidejgwall of the n-electrode 11. The
protective film30 is forned so that the center of 10 the opening 35 of the
protective film30 is essentially aligned with the center of the upper

surface pof the n-electrode 11, The . protective film 30 can be forped wth
any net RBWPS &t & Pr‘iﬁ%%"rmﬂ}?ﬂog’r?ho@:‘&ﬁéﬁ? CL% @%-ﬁégeéuﬁ“&‘? rklgnif’g-h{rh@ Rt ep
(S40) is performed. More specifically, non-specular finishing is perforned

by per f electrogleviet cant baifoxmed ashelayeced dtrutburs(staring fiven lthe dbttohe TiaN
substrate 1. In this wet etching, a KOH solution can be used as the etching

sol ut i omyé}'emél lé‘y&z@i"fﬂ%glé% Z%& Nagdl) aiﬁeEEnc]:tagts mﬁ% &nggsNG@l}bdée&é{geg 1and

having a~ predeterm ned t ness 1s forne t ectro r the
conduct or ssi b for exa

| ayer, if wou]d, be e, le, to forma i | ayer
o th o Briarichins, the S8t4nt RABLRRG bEiTAEon £he & Flacizt Ack Anthe haskCaN
| ayer, and an Au layer with a predeterm ned thickness can be fornmed above
t hi s oveurfabe o€ the (eaN subatmté deea pFedetedneindd Riadue,5bhe GaN kubsteateeis i n
order to have the contact resistance of the p- electrode and the p-type GaN

el ectroglga Al @ PnPI6ESE WDenY&ptRret he GaN 11 substrate can be heated in an
i nert gas atnosphere. As shown in Fig. 4 and Fig. 5, scribing is perforned

30 that chi py oUNOaL) 5. S0P Al 2otk 850 VLl 0f " Sediest | Mke" PS
specifically, the protective film 30 as shown in Fig. 2 is formed to cover the side
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 1a 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 GaN layer and having a
predetermined thickness is formed as the p-electrode. Fof 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



devices. As shown in Fig. 1, a light-emtting device is fornmed by nounting
the 5 chip so that the p-type GaN | ayer side of the chip cones into contact
with the nmounting section 2la of the lead frane. The conductive adhesive 14
applied to the nounting section secuiﬁs the light-emtting device and the
nounting section and al so provides conhductivity. Then, after w re bondi ng
is performed to provide conductivity between the n-electrode 11 and the

| ead of the lead 10 franme, an epoxy-based resin 15 is used to seal the

st r uct ussbstmateesimbehedatest in an ihertpgds atmodphereght - emi tting device. I n order
to inmprove heat dissipation from the light-emtting device, it would be

possibl e to havenshe BNtHige £ U@ Teg0h, [ Q8iniAg! WP petMA/Ss @at! bRip

light-emtting device cone into contact with nount 1 ng section. Al so, an

Ag- based adhesive, which S od heat, .15 conductivity, can.be used for the
Conduct PoRRdRRES AbReanse s sl Eiena00dbe repaiing chips o et Gan i g
conductivity, can be used for the lead frane. Fig. 6 shows a first

al t er natleviees xAsrphewofinaRige b adliglktremotting) deEive iadeomedd by mounbimgethieodi nent
of the present invention shown in Fig. 1 through Fig. 5. Fig. 7is a

si g i f LR SEEERed ]E{‘%yﬂé TANAa§6P ¥ deloPthec b S &9 t8fcohBsctARithBReshown in

Fig. 6. The first alternative exanple of an enbodi nent of an LED according
L0, BRI PRobhAS 1R RS B hRRRS o © °
structure 12 as the LED shown in Fig. 1 through Fig. 3, but the shape of the
pr ot ect the mpuntingoséationi fspeweast thevhghtsemiiting addvee andsthbenmonnFng 7, the
protective film30 is formed to entirely cover an n-el ectrode base 31,
whi ch hggcteort hhA U186 pebvides 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



when seen from above. Stated another way, the protective film 30 extends
over 5 the top surface of the n-electrode base 31 so that it covers
everything fromthe side wall of the n-electrode base 31 to the top
surface. Also, the protective film 38 i ncludes a flange 30a fornmed so that
it extends fromthe center of the n- &Pectrode base 31 outward on the second
mai n surface la. The protective film 30 is fornmed froma conductor, and the
n-electrode 11 is formed fromthe 10 protective film 30 and the n-el ectrode

base 31asThe [&bahoagem Big.ththiohigh Eigodnbut thé ghape bfithe photective filean be
provided with this structure FurthernDre since the protective film30 is

fornmed g leralﬁreﬁéﬁr nrmﬁrhn &ﬁ&gﬁ iyl I b rolsctl &Cﬁhﬂ@ it can be

formed prior to per used 0 formcavities

proj ecti.ons t hout having the e chrn 15 ma n-el ectyode base 31 of
the n- ef(&é@r%@ ePflreE-r Gov §Ho%se %‘g"or}i’és%r e “%]&{Cilvga%)?aﬁ’ﬁplé{%f shape

enbodi nent according to the present invention shown in Fig. 1 through Fig.
5. Fi g. whensseensfropl alioved Statedsaratthiev awv ajy, sihie protdudivientilon 130 extehds dveade of
the LED shown in Fig. 8 The second alternative exanple of an enbodinent of

the 4 ED(RE 608 duffce 69 the nta@cﬁbaé Hise VAP ATC WD ﬁb@v&gflgglﬁﬁg the h

references to Fig. . he LED shown in

essenti al t cture as LED sho Fig. 6 and.Fi 7, but
o o pedelmall R et &rmeo# P%hegab riage 180, Bhe BReroRtiBe B ve 111 m

30. More specifically, the n-electrode 11 is 13 formed fromthe n-el ectrode
base 3130timelysdest @dlange 804 foB0ed sodthdteitientends doomduthteocer@ar ofthe n-
n-el ectrode base 31, the protective film 30, and the upper conductor 32 are
al | forgritiddemLRnloubkard baethrdy0had8aiP sa¥ade d AOYHd Brotective film
30 1s 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



LED shown in Fig. 6 and Fig. 7 of the present application can be provided
with 5 this structure as well. Furthernore, by selecting a conductor
material suited for connection to the wire 13 as the material for the upper
conductor 32, it is possible to easily connect the wire 13 and the upper
conductor 32. [First exanple] In ordeggto study the advantages of the
light-emtting device according 10 to the present invention, the sanples
descri bed belom/mere prepared and bl ue- |ight output val ues in response to

pr edet er.m ne curr ur e are | es be
descri b&Fme gom( er §te Qﬁe%&? g]rrpﬁée} pr&ﬁ’& IIYEEg]é?a@)f?’i‘ aHBP“é' i s
equi pped essentially with the sanme structure as the LED shown in Fig. 1

t hr oughcénductdr 321 Theho-elettivode base ridkithg prosedtiE Glmt 8@, Andsthesappdre i s
al so essentially the sane as the nmethod for nmaking the light-emtting device

descri begh@hétbr 3@%@ ﬂl‘cfgrﬁl@d Hin &)nﬂ%@td:rbgThé acmrxﬁagéé Er&%d&l& $yied in
further detail. An of f-substrate of degree’offset from

the c-p was .u The e resi st ce of the s bstrate was,0.01 12
Jom thifff%haral i&a& LR 4 ol e Fiespifabolifarion o e e d Kb o
mcrons. (S1-2) MOCVD (Metal Oxide Chem cal Vapor Deposition) was used to

f or nb t hehiso$tiruoliurg dsayelle Fusthemmones bynselpeti@a ascoridunsor whatenial suited fir st
main surface of the GaN substrate: (Si-doped n-type GaN | ayer / Si-doped

n-type g Arhedtida: BNHeaW®e $8MY4 {He Aaterial ast ﬂﬁayﬁf)pér Bothductar 32t wmanel |
fornmed by stacking three two-layer structures of a GaN and an i no. 15Gao. 85N

:\/S}lg(r)p/e 1P€;z @ee%sﬁyt%%%ep’é alezvcézlal% Fé\lana%%e usp%re\{'lcr(])%ductor 3@ ad |ayer /
[First example]
In order to study the advantagee 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 Q <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



| ayer) 5 (S1-3) The wavel ength of the emtted |light was 450 nm and the
internal quantumefficiency was found to be 50% when appr oxi mat ed by
conparing the PL (Photo-Lunm nescence) strength at a | ow tenperature of 4.2
K and the PL strength at a roomtenperature of 298 K. (Sl-4) This wafer was
activated and the resistance of the My-doped p- 10 type | ayer was | owered.
The carrier concentration determned by Hall neasurenent was 5E17 (5 x
1017)/cnB for the My-doped p-type Al o.2Gao. 8N layer, and 1E18 (1 x
1018)/cnB for the My-doped p-type GaN layer. (SlI-5) This wafer was further

t ched wit - f t - - ied th
crched Wikl B s deang RO (18 e POPSRIRL L YRELL A SIS IR (e
Etching). As shown in Fig. 4, this etching_resulted in the formation of the
el enent Stackpng dhresntye daXarsstryctumes of a andsan Jeo.siGamsNdayené Mgdt h L3

of the elenent separation grooves 25 was 100 microns. (Sl.6)

Phot ol i dbped pptype ARpRGEINPlRYet isofvingrds hidlad dhfemveMi-A6péd prige @GANON t he
N-surface, which is the second nmain surface of the GaN substrate, resulting

in the ié}} tion of n-electrodes, which have circul ar shapes when seen from
above, at” the center of chips at a pitch of L2 = 2 mmas shown in Fig. 4
el ectrod re for

15715 om i he B3t OhHheTyatelgBBtiol tia Pmattoq dEbe mowiRm ] Wimistdin | Al
| ayer 200 nnm) in contact with the GaN substrate 1. The contact resistance
was r edquantuinyeffiemnicyp gvdshfousidr tochei 56% whanrdpprogima{edy admpapingr the
PL (Photo-Luminescence) strength at a low temperature of 4.2 K and the PL
strength at a room temperature 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)/cm3 for the Mg-doped p-type Alp2GaosN
layer, and 1E18 (1 x 1018)/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 Ls 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 Ls = 2 mm as shown in Fig.

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



(S1-7) The protective film30 was forned as shown in Fig. 2 so that it 5
covers the side wall of the n-electrode and extends to the outer perineter
of the upper surface of the n-electrode. Al so, the protective film 30
includes a flange 30a that extends onto the second mmin surface adjacent to
the n-electrode. In the protective fijgm 30, the dianeter (inner dianeter)
of the opening 35 fornmed on the upper surface of the n-electrode is 70

m crons. Also, the outer dianmeter 10 (the dianmeter of the outer perineter of

the flange 30a of -4t he protecti film 30 i 30 m¢rons., As can be seen
from F\ Fom thehothesS, 11 v 0 R ¢ Al lavenopipn T faut 20Enes { AdaTer ne °
center of the opening 35) is rou(gglgl/ aligned with the position of the

center 00 nenire|covtacidwithy they subgbratss lusBue aontant resstancel wasr m ng
the protective film30. Al so, the thickness of the protective 15 film 30

was 500 rafucddhby BkatidstithestPRtuso 8k 4l Mikrddeni () WemodpRédecd to the N surface,
which is the second main surface of the GaN substrate 1. In the

non- specul ar &L nhShi n oper ation,,sel ective wet etchi.ng.was, perfo d using
o aqueous. KL LoPhT BapfdBENR AR 07 il Toihed iR SBRVRAKELR ot PE b8 16

mol /liter (1) was used as 20 the etchant. The etchant and the sanple (the
GaN Bubsovexscthersidg el efichenn-ed¢csradenaied extensts toHdepruseroerimeter pitl30 are

formed on the N surface as described above) are placed in a seal ed

cont ai nafppe durfddacofShidPh @1dciFdies 2dso,Nthe pRoteétev@ilm I eRcludks A fikegseal ed
container in a sealed state, the tenperature 16 inside the seal ed container

125 S5 i SO0 Pt P R o EREBOBRERR IR 5
average t%:eogrg%citi%g f?l?]ll ?)E tl'?(i, dggllelegeii'vgi}nileersdiaar;lcliet%rrfjofe t(::l'tlé 81r)lgning 35 formed
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 i1s 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



was 15 mcrons. The Ga surface side, which is the side of the GaN substrate
on 5 which the layered structure is fornmed, was left as a specul ar surface
wi t hout being etched. For the seal ed container, any contai ner can be used
as long as it can hold the etchant and the sanple inside and can provide

i solation (sealing) fromthe outsidejgln order to set the tenperature

I nside the sealed container to a predeterm ned tenperature as descri bed
above, it would al so be possible for 10 the seal ed container to be installed

with a heatin r such as a heater npey at ure ‘measur enent . nenber
For ol s REARG S aMSr v AR SFAES A8 dagoroh ROV A HobHnEABItia

controlling the heating menber such as a heater based on the tenperature
dat a detsadtpmjdntidnseweeerfermedran thassecend mhaimrsubface( Y surfaveh@ftthe heat er
on and off or by increasing or reducing the 15 current supplied to the

neater) GahSha i 1 PhoPnRLERS DoSReaA IUhehAUE SN N8s AplIhRRROT 4

was formed in contact wth t p-type GaN | ayer an ving a

th k t t. f f th Fi
e Ja g Ths G eiriafs ks “hiben i siorasahe TRy bsiradefiac

re5|stance 20 of 5E-4 9 cnR. (S1-10) Then, as shown in Fig. 4, scribing was
per fior nethisho thédayeredpstroctumre ds ifesmsd, wppdafteais assracdbalssmffamawm}mhtt he
resulting chips formed light- emtting devices. The light-emtting device

chi ps WBedf QCHBY. Pér tRRbed1BE cbhgélheiﬂaﬁﬁbéﬁﬂa(iﬁeﬁeﬁﬁ PeustdSas!longaPit( &
square with sides having length 1.9 mm,” and the |ght emtting layer was

o e 54 FRERLRG8 A Af e B B PhoA0E iRt 1"

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



(S1-11) Referring to Fig. 1, the chip is mounted so that the p-type GaN 5

| ayer side of the chip is in contact with the nounting section 2la of the
lead frane, resulting in a light-emtting device. The conductive adhesive
14 applied to the nmounting section secures the light-emtting device and

t he mounting section and provides copguctivity. (51-12) In order to inprove
heat dissipation fromthe light-emtting 10 device, the chip was nounted so
that the entire surface of the p-type GaN |ayer of the light-emtting-

device comes into.contact_with the nounting,sectiqn. . Al.so, .an Ag-based
adhesi vERISAPRIFHEACSGRA] hiammo 8 tiare Yithysides diisipgdoniih. LhdnBnosi ve,

and a CuWbased material, which has good heat conductivity, was selected
f or theahdddheflighteemittineg tageearl was tl1i® nointaMerd speeifiedlly, dai Biganc&,=19 was 8
deg W (51-13) Furthernore, after wire bonding the n-electrode and the

| ead of phhenli §342fhATALS, meoéaéﬂ,f%n@%%mgh Ig%&,%evv%ﬁ}bﬁa_ﬁ% hifbfly Was used

to seal the structure in resin, form fromt ght-emtting
device. (Firgt,. rative, s |l e):. The. LED of irsy conparativ nple is
20 equi pped gé]t ﬁr?g@?gb‘fgj%ﬂgsgnﬁea&? 1§ mPpareq go ttiié'f tﬂ? Pt"ﬁ’é’eL(E of the
first exanple of the present invention, but, as shown in Fig. 10, cavities

and 5 pr tyyertsideof dhe ahop 16 onneadtact witth the mdwting fsettien @i sfitist lemide 1 (t he
N surface is in a specular state), and the protective film30 (see Fig. 1)

N sur _ _ m 30 (s
Gl o e L8 IR e 08, ¢ PARAORR Adnedv 910 ShlR

\ _ the first conparative s
met hod ;:(9 tha nlgblqﬁtiglgesel'c 1on0£ectur}gs fthgsltlgl?tqe 1 rt%;glf \(/l%vfcaengﬁ& tlh% %%unting

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 section.
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



follows. 5 (S2-1) - (S2-6): Essentially the sanme as (51-1) - (S1-6) of the
first exanple of the present invention. (S2-7) - (S2-11): Essentially the
same as (S1-9) (S1-13) of the first exanple of the present invention. Mre
specifically, the method for meking the first conparative sanple 10 does
not include the step (51-7) for formyg the protective filmor the step (Sl-
8) for formng the cavities and projections by etching wwth the KOH agueous
solution as in the nethod for naking the first exanple of the present

i nventi econd cqQnpar t|v The t he 'se onpar ative
sanpl e f%%ﬁ gﬁ W?? I’f"aalil lg?élf* fls t@s 1Safll IS}mip ga Ya88t he LED
of 15 the fi rst conparative sarrpl e descri bed above, but, as shown in Fig.

11, cavshowemgtis bED efdthiedinst aomfarativd samplee N surface, which is the
second main surface of the GaN substrate 1, using a KOH aqueous sol ution.

Fig. 11 is arpiRbiHdethr &ramgszhé hombnge EﬁlﬁﬁkﬁDc&ngP&ﬁ@%Q 1698mgrative

sanple. The nethod for nmaking The LED of the second conparative sanple is as
20 fol l%\i\ﬁ) (53-1) - (S3 - 6): Essentially the same as (Si - 1) - (Si - 6)
of the %S exanpl e of the present invention. (S3-7) was perforned as a
step identical to the step (51-8) in the nethod 19 for nmaking the first
exaripl e of t{82-pr esBR-6):nisrenallyt the sahectasvESIv) etShiegof shepfirstHowever ,
as aresult of this etching, the n-el ectrode was renoved from the N surface
of the éé?é\inﬁlbbéﬁﬁh%t;?reséﬁtsﬁlveh@iotnhe section on which the n-
(S2-7) - (S2-11): Essentially the same as (S1-9) - (S1-13) of the first
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 is 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.
(S3-1) - (S3 - 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



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 projections was 15 mcrons. An attenpt was nade to form
the n- electrode again on the N surfaﬁs of the GaN substrate, but it was
difficult to formthe predeterm ned n*el ectrode using a nethod invol ving
phot ol i t hography, vapor deposition, and |ift-off as described in the step
(51-6) 10 of the method for maeking the first exanple of the present

i nvent i dox mbkisg ithe first éxeangld of the esant mvdntione@hstselizeideiwet dtehing

phot ol i t hogr aphy technology remains in a |localized manner at the cavities

of the gauit tfo%vét;t? g&sgﬂpeftmg dﬁcttﬁl %@'& Btbodt! §Rs deliisveld figRI 1 N9 the

fOI’I’TB.tIOI’] of the n-e ect n or 0 per ormconparatlve tests, an

n-el ectr avin ructure as. 15 the n-electr the step
above wk ef aﬂ%lgdéﬁéfgﬁgﬁﬂﬁﬁﬁﬁﬁ9- &%, 1 ffbe sechiome oRaW ﬁgﬂ Bh a
nitrogen (N2) at nosphere to | ower the contact resistance. (53-8) - (53-11)
Essent i aldcyrddeewnanferaed( Savitjes an@lproddctmnst simiflar $6 thexanm ehofothére

pr esent invention 20 (S3-12): An attenpt was nade to wre-bond the

n-elgct g ﬁ£ theN Qﬁ‘ﬁ'ac@fvvéljaef'o¥1§1@q R ect% (E)troj’&ﬁoﬂqgelgfﬁ%fl%@ d 0 bond

t he vmre an upper ‘surface of the n- I'n or orm
conpar at i et\ tests, the.wire 13 _and the eI ectrode 11 ag ond d using the
conduct CPEIEIESARA PEOISEHIERR FFRS 10 FBICEOR- AR atterpt wagpa §°f BFRedie N Test s

and Results) The first exanple of the present I nvention and the flrst and
second electrode again on the N surface of the GaN substrate, but it was difficult to

form the predetermined n-electrode using 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



conparative sanples were installed in an integrating sphere. A predeterm ned
5 current (4 A was applied, the light was focused, and the |ight output

val ues froma detector were conpared. As a result, an output of 1.95 Wwas
obtained fromthe first exanple of the present invention. Qutputs of 1.6 W
1.95 Wwere obtained fromthe first ggnparative sanple and the second
conparative sanple. 10 Also, the contact resistance of the n-el ectrode of
the first exanple of the present invention and the first and second
conpara%Lvegfgggtei wer e gﬁgsu ed using the TLM (Transm ssion Line Mdel)
met hod. ’ f 2MOPEAS LIt resistance of the n-el ectrode of the first
exanpl e of the present invention was found to be 1E-5 tcnR. The contact
resi st akTestownpuReslts) t he 15 first conparative sanple and the second
conparative sanple were 1E-5 92 ~cn2, 1E-3 92 tcnR, respectively. The drive

vol tages wer eh HritObxih$ld Lc{jfsﬁgle\e/b?égérﬂrﬁhﬁfventtfbﬁdahﬁsﬂ@ Ar8Y eifd QBcqid the

first conparative sanple, a e secon conparative sanple. The
rel ati onshi p _between the height of .t.he prgjections jn the cayities 0 and
br o et CORPAFBREGBWIT R intalled igrar HteEEANSE SEhFra & prodetormined
(cavities/projections size) and |ight output were determ ned using a

si mub at icorrent T(4eA)} smsl applieds thieolaght waki fgcudat], amdythd light autguaplaludmt shows
the relationship between cavities/projections size and |ight output.

Ref erri g Q &tdctokdwetd@mipaitd. I ZLRrBbuRXhA dutphb8f 3R WIS k! Ht&fiddon
hei ght of the cavities/projections section (non-specular surface) (average

F?\élhz i ggy{d&rﬁghg ﬁréﬁ??@hfee%t ! g{nelss}a%t iév?%%%tsltpu@s%?’l.é %, i/g%t\chv%reaXi sis
obtained from the first comparative sample 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 @ <tm2. The contact resistance outputs for the

15 first comparative sample and the second comparative sample were 1E-5 Q -cm?,
1E-3 Q <m?, respectively. The drive voltages were 4 V for the first example of
the present invention and the first comparative samplé, 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



in Fig. 12, light output especially inproves when the projection height
exceeds 5 1 mcron. In Fig. 12, the data for the first exanple of the
present invention is plotted with a black square, and it can be seen that
the results are roughly the sane as the results obtained fromthe

simul ation. Next, although there may b¢ sone overlap with the exanples
descri bed above, the exanples of the present invention will be summarized
below. 10 As shown in Fig. 1, Fig. 6, and Fig. 8, the light-emtting device
accordigg .to the present invention .is equipped with: a nitride .

senmi condEZeRtal BXIS: i dhe anpraggnproisekion lg}e",? ‘gnﬂhe tGAVEieF/PrQIpRtions

sem conductor |ayer (the n-type A Gai. N layer 3) disposed on the first
mai n suséetien <hor-speculae sitfacale(aveeage aaditiédprojedisdnsakize) anpubitgeofi t ri de
sem conductor |ayer (the p-type 15 Al .Gl-.N layer 5) positioned further

away fr N9 q ] ] d : p ptride

sem condugr i PSS, tHe AP Rl e b T R B AT B P& 2hbl e 1
posi ti oned,. befween the n-type .njtride sem  conductor. |ayer and the p-type
nitri de&ifc toqutpggr,@,speepﬁgyﬁnm}”ﬁges Wihen; the Rrogectyiybersht exg si de of
the light-emtting device is down-nounted, 20 and light is emtted fromthe
secohd ianicrenr Imdigl B2, the dita fortthe firdtrexamplbafaheppeseht idventidhss fir st
mai n surface of the nitride sem conductor substrate. The second main

surface : Ik &1 ' t ' | on
Wi ch cRUTHRLIAEATIAK S SETLRAN Wb Mo SHRDHIER e TopRlLY 3R rPughl B
devi ce descri bed aboYe L ncl udes an el ect roﬁg (the n-electrode 11 or the
n- el ect PBTE B B edrremcthesipHHakaPn surface la of the nitride

sem conductor substrate; and the protective film 30
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 AliGaixN 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 1a of the nitride semiconductor substrate

includes a region on which cavities and projections are formed.



formed to cover the side wall of the electrode. 5 Since, as described above,
in the light-emtting device according 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 |, when a non-specular finish is applied by etching the second main
surface la of the GaN substrate; it is possible to reduce the probability of
10 problens occurring such as the etching corroding the side wall of the n-

el ectrode 11 qr the n-el ectrode hase 31, ultimtely remving the n-el ectrode
11 or the | Xexft “eRiHRG Ylﬁes‘iﬁsr:a’é’édl abeye ingludgs ampdectrede 1.

Al'so, by formng the protective film30 on the side surface of the
el ect r ofichei n-dlbétsoderdriner , thet nielegtpsdeé Haget 31)f formdd @netles tseosked anaine
second nmain surface la of 15 the GaN substrate 1 ahead of time before

appl yi ngum%ew-ggeggwﬁggdé 5B bon HRRGE gasgtra&gnaﬁd e ﬁ)é'Bgef%‘ﬂiv%’ filch dde

electrode is to r on the second nmain ace ter ‘applying the
non-specul ar _fini shing of the second main surface la, it is possible to
prevent%ngﬂighg“§3533é%é?H@SUWf € B??P&% of forming an electrode on the
second main surface |la after non-specul ar finishing has been 20 applied

(cavbti es an&ipeeyjascdesenibedaalovecan therhgliremétting daviceratenedingoto thee n-
el ectrode 11 or the like to be peeled away fromthe second main surface |a.

By 1 Of MpRékdnCinReAliBhl thE pidiBliifk Alnd B0 A ﬂgrfu‘.l%dr or0th NSa8 Rl '@%he N thT S

manner, "It 1s possible to uce the nunber oduction steps r the
a £11 m Pectiagds) (e nSeledofS T frothunn A Faardnbare ohkis SR LRI Gt ace | &
on which the electrode (the n-electrode 11 or the n-el ectrode base 31) is
t o be f erdeewall, ivehen a non-specular finish is applied by etching the second main
surface la 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 is to be formed on the second main
surface 1a after applying the non-specular finishing of the second main surface
1a, 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-



non-specul ar finish is applied, the filmis renoved, and the electrode is
then 5 forned). Also, by formng the protective film30 on the side wall of
the n-electrode 11 or the n-electrode base 31 as descri bed above, it is
possible to formthe electrode ahead of tinme when the second nain surface
la is flat, before non- specular finigBing is applied, thus maintaining good
adhesion at the contact 10 section between the el ectrode and the GaN
substrate 1. As a result, the contact resistance at the contact section can

be made adequat smal |, thus rOVId n mnth good
"t nouearne demey dtenbad WheRistonethtin -, A neBrd i avpishe Him's
consunption) of the light-emtting deV| ce. Since cavities and projections
are for apglied aheadsefctome omarregion af th¢ secorsl wmidesufideeth abowbichatlgr eat er
surface area can be provided by the second main surface conpared to if

cavi ti egleapfbder @h8i-eRierolRr €1 Rt tieoh @6etrdde Bak& M tis tol w lf&nﬁ@dl i
efficiently extracted fromthe cavities and projections, 1 ght-’ em tting

St 1 uet urioncheRe B Gab il rhel Bl o SR, 74 B 58 508 e e

surface (the second nmain surface) of the nitride sem conductor substrate
(théGa@metrate 1), which has a low el ectrical resistance. Thus, current
can flow through the entire nitride sem conductor substrate even if the

n-el ectrode Mlsd, dyf Eiﬁﬁﬁ‘%\ﬁhé Préteetik filaP 30 onther A8 Hall ofthe BrelattfRleOPENi NY
ratio. 24 As a resul t e rate of light absorption at the em ssion surface

be o { BATEE F‘e%ﬂ#od%@%Seéggei%%‘ag&%e"fy atpractt B Bosrlly FFORRR e °"

surface._ The sane aPpI
electrode ahead of tlme 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 la
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.



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

| ight em ssion surface, the p-type electrode |layer (the p- electrode 12) can
be formed over the entire surface of the p-type nitride sem conductor

| ayer, thus providing a structure thabgis suitable for dissipating

generated heat even if heat needs to be dissipated in response for a high 10
current. More specifically, the restrictions inposed due to heat-rel ated

factors , can be. sjgnificantly rel axed. aresult, there is.no peed, to
reduce ésfse%trﬁ@&l éh%r’i?é?é)? E’r&% afigorprion ?ﬁlg? AGESIOB T p‘écfegl“?‘?fgtq}}de with
interleaved p- electrodes and n-el ectrodes. Furthernore, because the GaN
subst r alight emaissompefficancyoisdmprovietdy Of coBrsedighti cambe ramidtadbnpt onlyde
special protective circuitry for surge voltages, thus resulting in superior

vol t age ff&fithb3B66nd MAR sudfeeb G818 frémNtheNGAE shefRE! TRE BantOAPplisAt ed
processi ng, production can be nade | ess expensive and perfornmed " nore

easily. In.the,light-emtting,device,described above, the nitride

seni cond®idPd gh§§%§hggg icecdgie eﬁ&ﬁﬁ@ﬁ’fron1GaN or Al.Gai-.N (0<x<=1). If
the GaN substrate 1 is used as the nitride sem conductor substrate, a high
currént densiAlgo,dhe mtypeapisridedsenicpodiretgr dagen $idhtwishitheihigh ¢dadtrieak o emi t
light with high lum nance and high |lum nous flux. Al so, by formng the

nitride r@ﬁ@tﬁm@diu%&rt}feuhght ahﬁss?lanfsﬁ&!ﬁa@awh@_rp-ésgpeGal_ectﬂNdé%‘éf&He, pit is
possible to formthe LED (light- emtting device) using a nlgrlde

S ConNER "4 P, AR AL o RO
semiconductor layer, thus providing a structure that is suitable for dissipating
generated heat even if heat needs to be dissipated in response for a high

10  current. More specifically, the restrictions imposed Adue 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 AlGaixN (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



provi ded even when high current density is applied, nmaking it possible to 5
reduce danage to the LED fromheat. 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 descri bed 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-electr2fle 11 and extends al ong the outer wall
of the n 10 electrode 11. The upper surface of the n-electrode 11 can

i ncl ude an exposed section that is not covered by the protective filn30.

Al so, |?r0h}l1 e X ?héf@éﬁt quo< ¥J_De ltt {aLe Si 39 {used thn QEI? @gﬁect ive

film 30 can *I'nsul"at or SRduc y, for
the material used . in the prot ect ive f| | m 30, exanples of conduct ors include
Ni, An, emitting d twlce;}b usmg agpitade ammopduemrrﬁubstr@te i Wit good sheafc| ude
Si O SIO N1- SiNX. In this case, it is possible to easily perform operations

such aschbedaitigty 1.8 rgdodshéat dissipatiest Thais! @diel@atsitheiadedigéiphbincy p to
t he exposed section of the upper surface of the n-el ectrode 11

Fur t her gp, 6x§d?§'élfe?1 @v}?e%%‘lgtg Qlrrdd¥e ddh8t S%{)ﬂ&&‘ gl I&HE it B fﬁléoé%e LLis

exposed-a i S ‘exposed s t|on 'S use prdv a co ron"with the
outside with the wire 13 _qr the like, it |s possible to uselnsulatlve

mat &f | areduge dmpgado shaddd? ifvam hepér Thissmakes ihpossibledemrogidera lighto f or ned

on the side wall of the n-electrode 11. Thus, there is a greater degree of
freedonenﬁgangHegkkhhaﬂaaﬂkmmmuUS@dﬂéﬁghhev@w@ﬂ@mgpuﬁoﬂkﬂmhﬁ&. 26 As shown
in Fig. 6 and Fig. 8, in the light-emtting device described above, the

protective fj {1%@% QR e] g%gcég%%ﬁb&&ﬁﬁwg%%%é&?v ERLAMD ¢ %ﬁomthe

side wall of n- ectro serving a ectr e to t

as shown in Fig. 2, be formed with a ring-shaped outer shape that covers the

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 Si0x, S1OxN1-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.



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 perfornmed for the non-specul ar finishing operation.
Thus, since the possibility that theggtching 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 projections) rakes

it possible to rellably royi de | pght-enitting device with inproved |ight
extraction effi SAQWRD E& % ﬁﬁg'Fbg mn é?’ﬁn]ttigkﬁ gmlﬁms e visegAes@had: i ng
devi ce can al so |nclude an upper electrode (an upper conductor 32) fornmed
on the pbovecthevprdte¢tnvesfilm 8y chorbe foymdtk fromper carvhdor and3@irf extandat er i al
suited for wire bonding, it is 15 possible to reliably and easily perform

Wi re boRgind Ghk %180 RAEE tof the H%@&ftro&@ﬂgé@@qrsé}%rgé LA e SKEGLAR!tot @M nal or
the |Ii ke. Exanpl es of materl als that can be used for the upper con uctor 32

| ude_Au and Al ht tt d d_ab
cavi t1 CAPHRG it b B 15 fNsaS i) SirEffeng MBI GadhabiRGe ey  ace

It is possible that the side 20 wall of the eIectrode (the n-electrode 11
or the prefiestive ddm Bsevars)theaentiee uzieaieedbasndl eitahipogsibde toredutet o form
the cavities and projections, but the present invention is able to reliably

prevent th@lippstbietyothatn tRI -t Rcirdde SHke 3Yakill Bb d4vagb@ Py eKe etérRmtet chi ng
with the protective f|In130 I n ot her mords 27 the present |nvent|on IS

or o} et 5h% T EHpY ekfrmetl for e mg Pt BRSBTS 38 e pea
above, the nitride sem conductor
the possibility that the etching will remove the n-electrode base 31 from the
second main surface la 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,



substrate can be the GaN substrate 1, and it would be preferable for the 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 nain surface
la to be an N surface. By using KOH as the etchant, cavities and
projections can be easily forned on phe N surface, which is the second nain
surface. This sinplifies the 10 operation conpared to formng the cavities
and projections through machining, e.g., dicing. As a result, the production
costs of, the light-enjtti.ng device can be . reduced. Int e,Iight-ﬁ_'tting
devi ce RS BFPIAR ayEpHOn iR Esherally £ ierms inohehtemitting degines tnpwhic

n-el ectrode 11 or the n-electrode base 31) can be at | east one of 15 the

el ement sasitiesansbpfajentiddseargrfompedfwihietciog. (Al ), tungsten (W, and
plati num (Pt). The el ectrode can be forned as a | ayered structure forned

from nultiplg thaVess-edididd Qe Gidk ¥R held AHRNe ( HRPSE sbAY&Indufort Ne

multiple layers as seen fromthe second main surtace [a can contaln gold

(Au). Thi kes it ssj.b to forman electrod ith | ow.contac

resi st afi¢ SWHF% c?ﬂeb‘ﬁggﬁi {}P#\géugﬁ?ﬁa&"o ud rI%s‘UBder g@ep{?fg%ataﬁl\f% rate
1). As aresult, a light- emtting device with superior light-emtting

ef f iZi entshingto be ipmdeingatedas veattetching esingry KO sotutien as|thagéeckgmwer
consunption) of the light-emtting device. Also, since the uppernost |ayer

of the @eRIIOMuEOR) 2ARS, HOWduld byigréfdrablethrithd §ihdohdif dlrfee qasi | y
connected (W re-bonded) to the uppernost |ayer of the electrode, as shown

in Fig. olband hs%r a{clée' In the light-emtting device descri bed above, the
structuFe of e )

By using KOH as the etchant, cavities 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 described above, 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 it 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



el ectrode (the n-electrode 11 or the n-el ectrode base 31) can be: a | ayered
5 structure fornmed from starting fromthe second main surface la, titanium
(Ti) / alumnum (Al) / titanium (Ti) / gold (Au); a layered structure forned
fromTi / A [/ Au; a layered structure forned fromW/ Au; or a |ayered
structure formed fromTi / platinum@Bt) / Au. In the light-emtting device
descri bed above, the projection height of the 10 cavities and projections
fornmed on the second main surface la of the GaN substrate 1 can be at -l east

1 mcron_ and monhe thap 300 mcyons. Al sp, it .would be preferabl,e for the
proj ect ?Bor?l r?é’? fRn S s thwffeé?w&lb(f?s@dgﬁa the WI@&E}OS@ lay %rr%fﬁ %or e
preferably. Also, it would be preferable for the projection height to be no

nor e t h&teckodlepng sbawn implig. drasikthelikeno nore than 100 15 microns, and yet
nore preferably no nore than 50 microns. The inventor found that if the

light to thelaxthacligih-émdttind eddvied!t desepibetli BBoMEVitRE siFubbit® lof Ifte
setting the projection height to be at least 1 mcron dranmatically inproves

the light-extyagtion. L.Ch ENGY. a_rgesult, it ld b ref.erabl g for
the pr of%ecc? |0(§fﬁ3 ﬁglf}gﬂteq%ggr%%e gtcl Péﬁz‘[" iy eﬁ?%ﬁr ade bﬁsg\(;\?ﬂi Fa’%gbetthé layerest i on
height is at least 2 mcrons, it would be possible to reliably provide

i nprdvedtrucgire formedclrpan starting freay thegeeanst mavin surfaceHa, pitepbomi @  hei ght
is approximately 300 microns, there is a saturation in the inprovenent in

light exalwained @Y titemioyn (THUzold (&ulRPRIyebédbiruetuichrived fR6ii Piv hei ght
Is 29 set to 300 mcrons. A projection height of greater than 300 m crons

ot castid ke agRRed SAYEHF Renicl SbBTYY PN 06l BBieFod SERERRe SR

resul ti i n.increased
i/ P atiaum (Pt) / Au.

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



production costs for the light-emtting device. Also, if the projection
height is 5 greater than 300 m crons, through-holes may format sections of
the substrate due to the thickness of the initially prepared nitride

sem conductor substrate or, even if through-holes are not formed, the
substrate at the bottons of the cavippes of the cavities and projections
will be too thin, resulting in a tendency for the substrate to break during
subsequent processing. 10 The projection height described above can be-the
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for the substrate to break during subsequent processing.

10 The projection height described above can be the average height of the
projections. 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 used, cavities and



possibility that the n-electrode is renoved (damaged) by wet etching can be
5 reduced; (2) superior heat dissipation is provided, the need to provide
conplex electrode structures is elimnated, and high-output |ight em ssion
is made possible; (3) superior conductivity is provided, the need to
provide a protection circuit to protggt the light-emtting elenent from
static discharge and transient voltage is elimnated, and superior

| arge-area |ight em ssion and 10 static voltage resistance is provided: (4)

since there are no significan di.sconti nui.ti es from high i ndex of
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A light-em.tting,device including: a nitride sem conductor substrate; an n-
{ype i PRI e HdcrisTattile X romoyed I meeR L in: Heb rhiBecras ey
nitride 5 sem conductor substrate; a p-type nitride sem conductor |ayer
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to said n- type nitride sem conductor layer; and a light-emtting |ayer

posi ti ogRetrol6! #eaEuTas dsNeliMpeated! 4P HENRPEH Aight bAV&Niod"d maldd P-type
nitride sem conductor layer, 10 said light-emtting device wherein: said
p-type B(I)stsrlf)lceja,e (SQ)esnllp%?'{]oquc%El Qchia t?rrissﬂrg%(ie%, gﬁe\g\qfega L{gtp%%wadzada Ipirgpetction
circuit to protect the light-emitting element from static discharge and
transient voltage is eliminated, and superior large-area light emission and
10 static voltage resistance is provided; (4) since there are no significant
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.



is emtted froma second main surface, which is a main surface opposite from
said first main surface of said nitride sem conductor substrate; said second
mai n surface of said nitride sem conductor substrate 15 includes a region
formed with cavities and projections; an electrode is formed on said second
main surface of said nitride sem congyctor substrate; and a protective film
is formed to cover a side wall of said electrode. 2. Alight-emtting
device according to claim1 wherein: 20 said protective filmis forned-with
a ring-shaped outer shape that Covgfiéﬁﬁﬁg(j side wall of said electrode and
extends al ong an outer perineter o el ectrode; and an upper surface of
said electrode includes a section that is exposed and 32 uncovered by said
protective film 3. Alight-emtting device according to claim1 wherein
said protective filmis formed froma conductor and is extended fromsaid
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cavities/projections section is fornmed by etching said second main surface.
10 65 Asémngtundewton isuhsthaveca grtypaimiride semicomduoforcllayen Ppositianegh cl ai m
5 wherein:
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,
10 said light-emitting device 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
15 includes a region formed with cavities and projections;
an electrode is formed on said second main surface of said nitride
semiconductor substrate; and
a protective film is formed to cover a side wall of said electrode.
2. A light-emitting device according to claim 1 wherein:
20 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



a material used to formsaid electrode is at |east one material selected
fromthe group of alum num tungsten, and platinum said el ectrode includes
a layered structure forned froma plurality of 15 layers, with an outernost
| ayer of said plurality of |layers as seen fromsaid second main surface
containing gold. 7. Alight-emtting gevice according to any one of claim1
through claim6 wherein a projection height of said caV|t|es/prOJect|ons
section is at least 1 mcron and no nore than 300 mi crons.

uncovered by said protective film.
3. A light-emitting device according to claim 1 wherein said protective film is
formed from a conductor and is extended from said side wall of said electrode
to cover said upper surface.
5 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 any one of claim 1 through claim 4
wherein said cavities/projections section is formed by etching said second main
surface.
10 6. A light-emitting device according to any one of claim 1 through claim 5
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
15 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 any one of claim 1 through claim 6
wherein a projection height of said cavities/projections section is at least 1

micron and no more than 300 microns.



