1 DESCRI PTI ON NI TRI DE SEM CONDUCTOR LI GHT- EM TTI NG DEVI CE AND PRODUCTI ON
METHOD THEREOF 5 TECHNI CAL FI ELD [0001] The present invention is related to
a nitride sem conductor light-emtting . device and a production nethod
thereof. 10 Priority is clainmed on Jap&nese Pat ent Application No.

2005- 272424, filed Septenber 20, 2005, and Japanese Patent Application No.
2005- 272574, filed Septenmber 20, 2005. BACKGROUND ART [0002] 15 In recent
years, galliumnitride (GaN)-baseq) sem conductor light-emtting
devices has attracted attention as short wavel ength light-emtting devices.
This gallium nitride based-conpound sem conductor is fornmed using a method
such as the netal-organic chem cal vapor deposition nethod (MOCVD net hod)
or the nol ecul ar beam epitaxi al nethod NBE netho&é on substrates of

vari ous oxMNIEBIRE SEMIGHNDUGIOR Etﬁij?fcﬁM TN PEIEE ANBYRRQBULGTIRN
sapphire single crystal. A sapphire single crystal substrate has a lattice
constant which differs fromthe METHOCETHERRSIFant of GaN by 10% or nore.
However, since a nitride sem conductor having excellent properties can be
formeg by form ng on a sapphire single crystal substrate, a buffer |ayer
conprising AIN or Al GaN, a sapphire single crystal substrate is widely used.
25 For exanple, when a sapphlre L*i%@b substrate is used, an n-type
sem conductor 2 layer, a light- ‘é and a p-type sem conduct or

| ayer are fﬂﬁggﬁ on the sapphire

The present invention is related to a nitride semiconductor light-emitting device and a
production method thereof.
10 Priority is claimed on Japanese Patent Application No. 2005-272424, filed September

20, 2005, and Japanese Patent Application No. 2005-272574, filed September 20, 2005.

BACKGROUND ART

[0002]

15 In recent years, gallium nitride (GalN)-based compound semiconductor light-emitting
devices has attracted attention as short wavelength light-emitting devices. This gallium
nitride based-compound semiconductor is formed using a method such as the
metal-organic chemical vapor deposition method (MOCVD method) or the molecular
beam epitaxial method (MBE method) on substrates of various oxides or group III to

20 group V compounds starting with a sapphire single crystal.

A sapphire single crystal substrate has a lattice constant which differé from the lattice
constant of GaN by 10% or more, However, since a nitride semiconductor having
excellent properties can be formed by forming on a sapphire single crystal substrate, a
buffer layer comprising AIN or AlGaN, a sapphire single crystal substrate is widely used.

25  For example, when a sapphire single crystal substrate is used, an n-type semiconductor



single crystal substrate in this order. Since a sapphire single crystal
substrate is an insulant, in general, in a device conprising a sapphire
single crystal substrate, both a positiyve electrode forned on the p-type
sem conductor |ayer and a negative elegtrode formed on an 5 n-type

sem conductor |ayer are positioned on one side of the device. Exanples of a
nmet hod for extracting light froma device conprising positive and negative

el ectrod . ' el - ' ' ' IS
extracte f@§h¥@ﬂ%m%#?§6%ﬂ§§%%§§%ﬁ%%%%§? S|ggﬁﬂgg%&ﬂgwgkgﬂggg?%%?hgwgctrode
such as | TO as positive electrode, and a, flip-chi thaod.in which |ight
o oxtr achglr s Sal SR Binoas Shr Astodinsiidls GYeE PSS 1o o mRdRRect e
filmsuch as Ag as a positive electrode. [0003] As is explained above,
sapphi r e isigageral, dn s devices gormprising s sapphing galgle awetl swosiaicerboth @i pasiiivgapphi re
is an insulant, a sapphire single crystal substrate has sone problens. First
of all, lekecoodeforined bt p-hpernediiontictal legdraad e, nepitévereldcypde $@med@ndinct or i s
15 exposed by etching the light-emtting |ayer; therefore, the area of

l'i ght 5emnttfyi?£‘geﬂnﬁ~)6‘ﬁﬂuét§r 180 YEL JodtiodedCooB@ ste bPehd8OALL. VB LY 6L bPde, and
out put power decreases. Sécondly, since the positive el ectrode 'and the

negative electrode, are positioned on the.sane sj.de | ect.ri cal rrent
rows hoPtoiit KR FFoRiifenant ReBRERe 0% orRuPElBedbi S abbs SRS IR e
generates heat. 20 Thirdly, since heat condugtivjty of sapphire substrate
is low, @8ReHds éBCIH(I%?t 2 ScRyP mthady &b dvhigh dlightelst éﬁtﬁ%ﬁt%t A8 e t PréyRevi ce
increases. [0004] In order to solve these problens, a nethod is used in

whi ch a semdwoducier dshesinga ransparent ¢legtodd such a8 [d@vascepastivsralesimede,amdn- t ype
sem conductor layer, a light-emtting layer, and 25 a p-type sem conduct or

| ayer whiflip-chipeméthed kewhieR lighis pRIfAGE] BbMGhe sapplité albsthleSideaisthg 4thighlyt hi s
order, the sapphire single crystal substrate is renoved, and then a positive

el ectih0odeefiective film such as Ag as a positive clectrode.

=)

[0003]

As is explained above, sapphire single crystal substrates are widely used. However,
since sapphire is an insulant, a sapphire single crystal substrate has some problems.

First of all, in order to form the negative clectrode, the n-type semiconductor is

15  exposed by etching the light-emitting layer; therefore, the area of light-emitting layer is
reduced by the area of the negative electrode, and output power decreases.

Secondly, since the positive electrode and the negative electrode are positioned on
the same side, electrical current flows horizontally, current density is increased locally,
and the device generates heat.

20 Thirdly, since heat conductivity of a sapphire substrate is low, generated heat is not
diffused, and the temperature of the device increases.

[0004]

In order to solve these problems, a method is used in which a conductive substrate is
attached to a device comprising an n-type semiconductor layer, a light-emitting layer, and

25  a p-type semiconductor layer which are stacked on a sapphire single crystal substrate in



and a negative electrode are positioned on both sides of the resulting
stacked | ayers (For exanple, see Patent docunent 1). In addition, the
conductive substrate is fornmed by plati,ng, not by attaching (For 5 exanple,
see Patent document 2 ). [0005] Exanplfes of a nmethod for attaching a
conductive substrate include a nethod in which netal conpounds havi ng a | ow
nmelting point such as AuSn are used as an adhesi ve, an activation

junction {@%F V, f.gon

pl asma u eiop&\%gcﬂtl}g rsn%ﬂpﬁese giretc SS@%&%%J@? 1ﬂ8€edf %%@g%elrnf%%g&tl&y%lé& Fached
be extre y flat nmoot h. ,Ther.efare, f orei mat t such as
particl e€n B nekecdiatiede A POSIOTEH o R stk Oh e ges tipg agiadarys Biqrached
Due to this, it is difficult to obtain a unifornly attached surface. [0006]
15 When @X@nﬂgiseatl’é‘fentd(?mnby) plating, it is advantageous that there is
little influence fromextraneous nmaterial; however, |ight-extracting

ef ficiency daciddises thecondhirtivdgubstade: imformed)-ﬁyyplatiﬁgnﬁcﬁohsgdlaﬂﬁohﬁng' ¢§Farover ed
by plating. In order to inprove the light-extracting efficiency, the general

met hog i SxhfpkOde@PateAddodudiéaf 2 favi ng high reflectivity on the ohmc contact
| ayer before pi ating processing. 20 However, l|ight absorption in the

i ght-em ttl@g ayer becones a problem because nost reflected |ight nust
transmt thr the light-emitting layer. In order to prevent reflected
i ght be generat

t ranspar ent Fs’%ﬁ:‘ﬁ?sa‘{ ém%tﬁgd &?é@éﬁ@%&@%ﬁ%& g‘i?%gm"g%@ deVI ¢ %nuZi(ggrp?e,
Pat ent see docunent 3). 25 [0007] 4 However, when a transpar ent substrate
is used fdiclamstabpumpaounds baisg a kivemettog p@iw;r&ptlreas AuSn are used as an
adhesive, or an activation junction method in which a surface to be joined is activated by
10  argon plasma under vacuum. These methods require that the surface to be attached be
extremely flat and smooth. Therefore, if there is foreign matter such as particles on the
surface to be attached, the area is not closely attached. Due to this, it is difficult to
obtain a uniformly attached surface.
[0006]
15 When a substrate is made by plating, it is advantageous that there is little influence
from extraneous material; however, light-extracting efficiency decreases because the side
of a p-type semiconductor is covered by plating.
In order to improve the light-extracting efficiency, the general method is to form a Ag
layer having high reflectivity on the ohmic contact layer before plating processing.
20  However, light absorption in the light-emitting layer becomes a problem because most
reflected light must transmit through the light-emitting layer.
In order to prevent reflected light be generated as much as possible, a semiconductor
device using a transparent substrate as a supporting substrate is proposed (For example,

Patent see document 3).

25 [0007]



when using SOG (a spin-on glass), there is a problemin that a substrate
havi ng sufficient strength cannot be fornmed because about 5 gmis the
thickness limt of a thick film Patenj docunment 1, Japanese Patent
(Granted) Publication No 3511970. 5 Patent docunent 2, Japanese Unexam ned
Pat ent Application, First Publication No. 2004-47704. Patent docunent 3,
Japanese Unexam ned Patent Application, First Publication No. 2003-309286

DI SCL OSURE HfweVEIE whiYEWeinShirenk QubSRaSE ukall for ahtipsdrtihh Sutrtel! fifeximplel oned

above, the present invention has an object Ito provide a sem conduct or

device wapglyd; éo@% 86 @1”9@}4} -56 gl‘f‘a'sé)e&‘eré 13 aYbRERL gtﬁ aa[fa%gt?%té ﬁﬁilﬁ%

support i ng substrate has an |rrprove xtrac ICI ency

by reduc refl ect |onf omthe. s ortin te, roduction
met hod tﬂ gftli‘fcami‘gﬁie b@a‘é?e B%ﬁ%%ﬂs@gﬁ@%qs%gmﬁqf%&g]ﬁ?fﬁ‘@sear ch that
focused on sol ving these probl ens, the present inventors found that it is
possi bl e toPpEbm@mﬂﬁbJﬂﬁ@ewaéwtl(Grﬂ@&d) SrbYcatior 9 338dAP70.n strength

characteristics of a supporting substrate, but also has an inproved

| i ghts ext r aPhiengdedfufrieat 2nkapainse rldauaiingd rRatdne Atpplinationo FirshPuldicpthar Nong
substrate by stacking 20 at |east an n-type sem conductor |ayer, a lighting
em tti ngydeaverypaa p-type sem conductor layer, a netal filmand a plated
netal plate sequentially wherein the netal filmlayer and t he pl ated netal

Phe. advant Agaehr oshalefh TeheRfib Bt SRR, AR, P BB el e

pl at ed te are fornmed in a grld 25 That is, the present invention
rel at es (59% ?hqg%gllowi ng: 5 [0010]

DISCLOSURE OF THE INVENTION
10 [0008]

In light of the problems mentioned above, the present invention has an object 'to
provide a semiconductor device which is not only excellent in strength characteristics of a
supporting substrate, but also has an improved light-extracting efficiency by reducing
reflection from the supporting substrate, and a production method thereof.

15 [0009]

As a result of conducting diligent research that focused on solving these problems,
the present inventors found that it is possible to produce a device which is not only
excellent in strength characte_:ristics of a supporting substrate, but also has an improved
light-extracting efficiency by reducing reflection from the supporting substrate by stacking

20  at least an n-type semiconductor layer, a lighting emitting layer, a p-type semiconductor
layer, a metal film and a plated metal plate sequentially wherein the metal film layer and
the plated metal plate are partially formed on the p-tvpe semiconductor layer. Specifically,
the advantage of the invention is highlighted when the metal film and the plated metal
plate are formed in a grid.

25 That is, the present invention relates to the following:



(1) Anitride sem conductor light-emtting device, conprising: an n-type
sem conductor layer, a light-emtting |layer, 5 a p-type sem conductor | ayer,
a netal filmlayer, and a plated netal .plate, which are stacked on a
substrate, wherein the netal filmlayer and the plated netal plate are
formed partially on the 10 p-type sem conductor layer. (2) A nitride

sem conductor light-emtting device according to (1), conprising: an n-type
sem conduct[pb drayer, a light-emtting layer, a p-type semiconductor |ayer,
15 a netal |][r11layer, and a plated netal plate, which are stacked on a
substrate erein the tal..film.laver and the.plated netal plate are
formed i n(%\wglfu& e?ﬁgﬁoél u?tl%ﬂglftheémbgé ({?ivg\?i GRS gp-type sem conduct or

| ayer. 20 (3) A nitrjde_sem conductor light-emtting device according to (1)
or (2), whenarypesanicandystordpyesn area of the metal filmlayer and the pl ated
netal plate fornmed on the p-type sem conductor |ayer to an area of a top

surface of glighyemidiegilgenductor is in a range of 10 to 90% (4) A nitride
sem conductor light-emtting device according to any one of (1) to (3), 25

wheresn t he finfpéRems@nieaadagdror | ayer, light-emtting |ayer and the p-type
sem conduct or | ayer are pre-divided to an individual device unit on the

substrate beforpRRNtver and

a plated metal plate,
which are stacked on a substrate,
wherein the metal film layer and the plated metal plate are formed partially on the
10 p-type semiconductor layer.
(2) A nitride semiconductor light-emitting device according to (1), comprising:
an n-type semiconductor layer,
a light-emitting layer,
a p-type semiconductor layer,
15 a metal film layer, and
a plated metal plate,
which are stacked on a substrate,
wherein the metal film layer and the plated metal plate are formed in a cross shape
from the top view on the p-type semiconductor layer.

20  (3) A nitride semiconductor light-emitting device according to (1) or (2), wherein the ratio
of an area of the metal film layer and the plated metal plate formed on the p-type
semiconductor layer to an area of a top surface of p-type semiconductor is in a range of 10
to 90%.

(4) A nitride semiconductor light-emitting device according to any one of (1) to (3),

25 wherein the n-type semiconductor layer, light-emitting layer and the p-type semiconductor



(5) Anitride sem conductor light-emtting device according to any one of
(1) to (4), further conprising a transparent electrode on the p-type

sem conductor layer. (6) A nitride semg.onductor light-emtting device
according to any one of (1) to (5), 5 further conprising an ohm c contact

| ayer. (7) A nitride sem conductor light-emtting device according to any
one of (1) to (6) wherein the ohmc contact |ayer is conposed of a sinple

subst ancg, ﬁ 9@1&%@6 ?‘hdl@ﬁﬁualqj{evﬁg unffén tﬁ@sub?%ate bEfordtindAd- (8) A

nltrldes uctor emttlng evice according to any one of (1) to

(7), rein,the oh has_a thi ckness in e.of 0.1

nmto 30 (%2‘ 1’5316 ﬁ\elﬂ]icf”? g’rolégh? %%1 ciﬁ,wqe %fﬁfmjg lt(% |aﬂ§ O&Sv‘?fc{eﬁggc%&di ng to
any one of (1) to (8), wherein the plated has a thickness in a range of 10
mto 200 fisthqr f@?lpﬂsﬁgﬁﬁaa@%%ﬁ@éﬁﬂ@&?fbﬂwIPr‘élH% S%F?Qquﬁ@f l-ce according to
any one of (1) to (9), wherein the plated netal plate is conposed of a NP
al | oy, C{6prA aitridd B@yicomdlrdtnr light{etriifting drivicei aheoslkeng ¢twadyamerofl (IgHp-@GXi tti ng
devi ce according to any one of (1) to (10), further conprising a plating

adhespon fhay@coi@rifig aheheetontdtelayet al filmlayer and the plated netal
plate. (12) A nitride sem conductor |light-emtting device according to (11),

V"“er ein t(m I&é"g Rgﬂﬁﬁ'td}”h%lﬁléﬁﬁ %”&Hvﬁc%e?cgtﬁf i %ﬁ&‘ton%tofaﬂ:’{"tt%y 62‘9' ght

nor e, e sane as mal n p corrponent

contalned at .50% wei ght nore in th d (13
it de. SURER I CERE Sorar B R eomporai e Er i me Rl o %%Y
wherein the Ifl atin adheS| on layer is corrposed of a NiP alloy or a
al | oy. [G’(ffis] t hod of producing a nitride sem conductor

light-emtting deV| ce corrpri sing: 7 formng stacked |ayers by stacking at
| east an (B} tﬂypﬁriételsémicnnﬁmtmrligm-)eaﬁtting device according to any one of (1) to (7),

10  wherein the ohmic contact layer has a thickness in a range of 0.1nm to 30 nm.

(9) A nitride semiconductor light-emitting device according to any one of (1) to (8),
wherein the plated has a thickness in a range of 10 ym to 200 um.

(10) A nitride semiconductor light-emitting device according to any one of (1) to (9),
wherein the plated metal plate is composed of a NiP alloy, Cu or an alloy of Cu.

15  (11) A nitride semiconductor light-emitting device according to any one of (1) to (10),
further comprising a plating adhesion layer formed between the metal film layer and the
plated metal plate.

(12) A nitride semiconductor light-emitting device according to (11), wherein the plating
adhesion layer comprises a component at 50% by weight or more, which is the same as the

20  main plating component which is contained at 50% by weight or more in the plated metal
layer. .

(13) A nitride semiconductor light-emitting device according to (11) or (12), wherein the
plating adhesion layer is composed of a NiP alloy or a Cu alloy.
[0011]

25 (14) A method of producing a nitride semiconductor light-emitting device, comprising:



light-emtting |ayer, a p-type sem conductor layer, a netal filmlayer, a
plated netal plate on a substrate, wherein the netal filmlayer and the
pl ated netal plate are forned partiaII% on the 5 p-type sem conduct or
| ayer. (15) The nethod of producing a hitride sem conductor light-emtting
device according to (14), wherein the netal filmlayer and the plated netal
plate are forned in a cross shape fromthe top view on the p-type

Hd

sem Conducifto%iﬂg%%ﬁked(]t ers’ Dfﬁrng?s{cgﬂaﬁlgi (l%sg?d%ifir{l%gg ol i%&ﬁmﬁﬁ”ia% tor

yc
i ght-em ttTing~device accor erern the"n-type
sem condyuctor layer is formed an substrate th the .internediary of a
buf fer | Lgairermiing Iapesne PSP gREQIugT fayehiogeiel QI dayer alped et figte o o,
the n-type sem conductor |ayer is exposed by renoving the substrate and the
buf fer | ayasubsi’Bieg 17) The nethod of producing a nitride sen conduct or
light-emtting device according to (16), wherein the substrate is renoved
by using a wiasen.th¢ hd}talThien tythand die platedunetahphatenarerfotaed pattiatin ducther
light-emtting device according to any one of (14) to (17), further

conprg si ngivheNR@ficonti8@bl MPerPr OCess in a tenperature range from 100 C to 300
C after formng the plated netal plate. 20 [0012] As a result of conducting .

di | i gent pssanchyl At HEAGHASY AicS AHiBaL ISR ARl R D Beo RS G
Sﬁ Jﬁ a IP g t{l}‘ e 10 pro % geVI g

i nvent or oun I'S possI uce ce which s not only
excel |l en in strength racteristics.of . a s rti supstrate, .but al so
o' | HAD oot e et e By o b sk gt PR PR @ BioEs SKDF o ¢ he
supporting substrate by stacking 25 at |east an n-type sem conductor |ayer,
a | i ght i frgmethe tan vigwloaythe p-typepemjgradyedas eperduct or 8 layer, a netal film and

a plated netal plate sequentially wherein the netal filmlayer and
(16) The method of producing a nitride semiconductor light-emitting device according to

10 (14)or(15),
wherein the n-type semiconductor layer is formed on a substrate through the
intermediary of a buffer layer, and when the process of forming stacked layers is
performed, the n-type semiconductor layer is exposed by removing the substrate and the
buffer layer.
15  (17) The method of producing a nitride semiconductor light-emitting device according to
(16), wherein the substrate is removed by using a laser.

(18) The method of producing a nitride semiconductor light-emitting device according to
any one of (14) to (17), further comprising a heat-treating process in a temperature range
from 100 °C to 300 °C after forming the plated metal plate.

20 [0012]

As a result of conducting diligent research that focused on solving these problems, the
present inventors found that it is possible to produce a device which is not only excellent
in strength characteristics of a supporting substrate, but also has an improved
light-extracting efficiency by reducing reflection from the supporting substrate by stacking

25  at least an n-type semiconductor layer, a lighting emitting layer, a p-type semiconductor



the plated netal plate are partially fornmed on the p-type sem conductor
layer and a |ight-perneable material layer is forned on the p-type

sem conductor layer in a region where ¢he netal filmlayer and the plated
netal plate are not fornmed. Specifically, the 5 advantage of the invention
is highlighted when the nmetal filmlayer and the plated netal plate are
formed in a cross shape fromthe top view on the p-type sem conductor | ayer,

and  a | g P el HMneanast ateﬁ'métﬁb’ atelsaqﬁéﬂﬁanfpmerehhﬁmr}néwﬁln@ eEapHuct or
layer in a region where the netal I m"ayer "and the plated netal plate are

t f t
oventsorts APLA4Y HE ﬁ%ssmfﬁsz&ﬁ%ed PoREE SRS 8 o
l'i ght - t I
1 gt - om @RgTReRDls ateBan e ypbraedioedit feves %é‘?a%ﬁﬁﬁ‘uc? fem 04 S ayer
and a plated netal plate, which are stacked on a substrate, wherein the

metal filvherayhe msiad filfre layemend theeplated pnefak platceare draidarmpes: tSparifipallih tihe 20

p-type sem conductor layer, and a |light-pernmeable material |ayer is forned
on the& p-ddvpetageof theriduaiiion i$ hightightad avhen el mistaiMidme aydreandahea blatdd metabhy er
and the plated netal plate are not fornmed. (2) A nitride sem conductor

|'i ght - em {hteRe FRVES T AEG8] Qiaﬁgﬁ%ﬁﬁ thd top VIBRTRItRe AP REAonlduEO? 1akéy 8kd and
the plated netal plate are forned in a cross shape fromthe top Vview on the

£ o DR s e O P TG LR 11

| ayer and | at e
y cret emetaPﬁ

ayer A%d tile pﬁtte% metal plate are not formed.,
That is, the second aspect in accordance with the present invention relates to the
10  following:
[0013]
(1) A nitride semiconductor light-emitting device, comprising:
an n-type semiconductor layer,
a light-emitting layer,
i5 a p-type semiconductor layer,
a metal film layer, and
a plated metal plate,
which ére stacked on a substrate,
wherein the metal film layer and the plated metal plate are formed partially on the
20 p-type semiconductor layer, and
a light-permeable material layer is formed on the p-type semiconductor layer in a
region where the metal film layer and the plated metal plate are not formed.
(2) A nitride semiconductor light-emitting device according to (1), wherein the metal film

layer and the plated metal plate are formed in a cross shape from the top view on the

25  p-type semiconductor layer, and a light-permeable material layer is formed on the p-type



not fornmed. (3) A nitride sem conductor light-emtting device according to
(1) or (2), wherein a light-perneable material layer is formed on the
p-type sem conductor |layer, and the 5 Jight-perneable material |ayer is
surrounded at |east partially by the nétal filmlayer and the plated netal
plate. (4) A nitride sem conductor light-emtting device according to any
one of (1) to (3), wherein a light-perneable material layer is formed on
the p-ty i ] har r ent
el act r odetrdERUBABPHSE o RERh whott MORchl fioh 1Rk BREUA bl Rl BREOR T
parti aIIE/RD?% thﬁ netal filmlayer and the plated netal plate. (5) A nitride
sem cond MMeght -emitting devi ce according to any one of (1) to (4),
wherein the |ight-pernmeable nmaterial |ayer is made froma |ight-perneable
resin, a (33iA inetsidp ssedcapdueipy dighbemidting Wavice-aseardment ebi e (2) eyhereinia ri de
sem conductor light-emtting device according to any one of (1) to (5), 15
wher ei n dightfpemedablee marediek layfer tikb fotmegh bn pibie neebipe esemdc@duetor |layeer and then a
range of 1.4 to 2.6. (7) Anitride sem conductor light-emtting device
accor ¢§ ndighpeiteable mdtkribiolafd)is sHRQIRIE aﬁlea&t@a@ﬂfd]l%ﬁl%r ik héigl filnd Ryepeidreabl e
material layer is in a range of 10 mto 200 m (8) nitride sem conductor
light-emgti [ ccording to any one of (1) to (7), wherein the
n-type seﬁ?@%&ﬂﬁ%%fﬁ?%yer, light-emtting | ayer and the p-type

sem condugtor .2Q |ayer ar .e-divided,to an individual devi uni t,.on the
Subst rat diber gitEe AR oaTiom g SRS oY G Y R of b5 Reboe
according to any one of (1) to (8), further conprising an_ohm c contact

| ayer. (1@herping {ighteersienble oneedaloleysr igHiormaed tonintgg RIGPF CEMiroadrdPh iyed any
one of (1) to (9), wherein the ohm c contact |layer is conposed of a sinple
subst ancethneghlthamtbrmediary aff 4 tynspabntofled®odeand s lighkperineabl@chatgial Ber (11) A
nitride sem conductor light-emtting device according to any one of (1) to
(10) .10  is surrounded at least partially by the metal film layer and the plated metal plate.

(5) A nitride semiconductor light-emitting device according to any one of (1) to (4),

wherein the light-permeable material layer is made from a light-permeable resin, a

silica-based material or a titania-based material.

(6) A nitride semiconductor light-emitting device according to any one of (1) to (5),
15 wherein a refractive index of the light-permeable material layer is in a range of 1.4 to 2.6.

(7) A nitride semiconductor light-emitting device according to one of (1) to (6), wherein a

thickness of the light-permeable material layer is in a range of 10 pm to 200 pm.

(8) A nitride semiconductor light-emitting device according to any one of (1) to (7),

wherein the n-type semiconductor layer, light-emitting layer and the p-type semiconductor
20  layer are pre-divided to an individual device unit on the substrate beforehand.

(9 A nitride semiconductor light-emitting device according to any one of (1) to (8),

further comprising an ohmic contact layer.

(10) A nitride semiconductor light-emitting device according to any one of (1) to (9),

wherein the ohmic contact layer is composed of a simple substance metal and/or an alloy

25 of Pt, Ry, Os, Rh, I, Pd Ag.



wherein the ohm c contact |ayer has a thickness in a range of 0.1 nmto 30
nm (12) An nitride sem conductor light-emtting device as clained in claim
any one of (1) to (11), the plated haﬁ)a thickness in a range of 10 pmto
200 m 5 (13) A nitride sem conductor Tight-emtting device according to
claim14, wherein the plated netal plate is conposed of a NP alloy, Cu or
an alloy of Cu. (14) A nitride sem conductor light-emtting device according

' . fe _ c ' ti .
£, a0 o afite “lchyce oMt S0TRAA Rl &1 LRGSR fiEyer
itrid ' duct light-emjtti devi, [ 4), wherein th
Dl at i ng SERCSTS RO e R s BKOERSoR G ea ! BBy AaMBhe "or more,
which is the same as the nain plating conponent, which is contained at 50%
by wei ghfl2drAmpitidg semipendypigr élaf?tn@mémng dgvigecas qlaigped An glaimiagg o gf Ebrguct or

light-emtting device according to (14) or (15), wherein the 15 plating

adhesi on(119ythe plateddmspdbiekines$ irpa fdnPe af |®ymdp 280 @m.al | oy. [0014] (17) A
nmet hod of producing a nitride sem conductor light-emtting device,

conprj si omB) A fr@tide N@nséonahi®sr lﬁgmeaﬁmm% 86A6K b8@rdihg |16 asdima 4, NwhtBR the
sem conductor |ayer, a light-emtting layer, a p-type sem conductor |ayer, a

i1 m 1 oyl ER el Bt bra P B0, ol B KEER 317, Snthe. prtype
o type ‘sCi)chaitte ormiapdietor HehireByHER Tt oorireia 4 ped Af (B8R « ne
pl ated netal plate are not formed. 25 (18) The nethod of producing a nitride
seni condfi@thst cpmgrising mi pletingyadhesips dayge if@mﬁdr@twmlthe D@Idﬂ%@\#ﬂéﬁl‘emﬂl thke net al
filmlayer and the plated netal plate are forned in a cross shape
plated metal plate.
10 (15) A nitride semiconductor light-emitting device according to(14), wherein the plating
adhesion layer comprises a component at 50% by weight or more, which is the same as the
main plating component which is contained at 50% by weight or more in the plated metal
plate.
(16) A nitride semiconductor light-emitting device according to (14) or (15), wherein the
15 plating adhesion layer is composed of a NiP alloy or a Cu alloy.
[0014}
(17) A method of producing a nitride semiconductor light-emitting device, comprising:
forming stacked layers by stacking at least an n-type semiconductor layer, a
light-emitting layer, a p-type semiconductor layer, a metal film layer, a plated metal plate
20  ona substrate,
wherein the metal film layer and the plated metal plate are formed partially on the
p-type semiconductor layer, and
a light-permeable material layer is formed on the p-type semiconductor layer in a region

where the metal film layer and the plated metal plate are not formed.

25  (18) The method of producing a nitride semiconductor light-emitting device according to



fromthe top view on the p-type sem conductor layer. (19) The nethod of
producing a nitride sem conductor |ight-emtting device according to (17)
or (18) , wherein the n-type senicondUﬁ;or | ayer is formed on a substrate
through the 5 internediary of a buffer |layer, and when the process of
form ng stacked layers is perforned, the n-type sem conductor |ayer is
exposed by renoving the substrate and the buffer layer. (20) The nethod of

producin L ) : | oM Ll i i any
bne of (17 Pobiblrte SETMGAREIFEC bl plaflbh Pl B (BFnaF 0L ERRTpde, 21
(21) The.nethod of. produci a ni.tride sem conductor light-emtting device
accor di n&ofno eg%"%ﬁémgﬁe E’"%e 5[6811?026 ‘?to]f @P’?rher conprising a heat-treating
process in a tenmperatyre range from 100 Cto 300 C.after formng, the plated
metal pl &% Thegpatbed ohprodpeing g nitide pempgopdncier %@meaaﬁwé{eawemcgw Pt ting
device of the present invention, 15 at |east an n-type sem conductor |ayer,
a |ighti 6g)en18)i, wheray the, n-typp-sempenderivcloyatus famet aper substrate thabughi thm and a
plated netal plate are stacked sequentially wherein the netal film |ayer

and the pltabhedidPtcl a e 1ay®, Rad twidn Yhe @fdvess on fbhginp- §tydkedskggorduct or
| ayer. As a result, a device which is not only excellent in strength

h t . . H . i
char act eplshined, flc RrypBUBRAAG0SHDS! fdkosdl iy ALROUDARC Al BiPe

| i ght-extracting ef ency by reduCi ng romt
substr at g an be obtained. Specifically, the advantage of the invention is
hi ghl i ght® er@ﬁ%‘ﬁ' the metal filmand the plated metal plate are forned in the
grid. [0016] According to the nitride sem conductor, Jight-emtting device
of the pf&Yelhe methadof Breducing apitrids femiconductes hghtwanftingisyice secordipgito g
light-emtting |ayer, a p-type sem conductor layer, 12 a netal filmand a
pl at ed netpbngdiHil @) @r(@9)s whetetmthe egbmtratd ialk¢mowlderyaising dlaseret al fil m | ayer
10 (21) The method of producing a nitride semiconductor light-emitting device according to
any one of (17) to (20), further comprising a heat-treating process in a temperature range
from 100 °C to 300 °C after forming the plated metal plate.
[0015]
Accbrding to the nitride semiconductor light-emitting device of the present invention,
15  at least an n-type semiconductor layer, a lighting emitting layer, a p-type semiconductor
layer, a metal film and a plated metal plate are stacked sequentially wherein the metal film
layer and the plated metal plate are partially formed on the p-type semiconductor layer.
As a result, a device which is not only excellent in strength characteristics of a
supporting substrate, but also has an improved light-extracting efficiency by reducing
20  reflection from the supporting substrate can be obtained. Specifically, the advantage of the
invention is highlighted when the metal film and the plated metal plate are formed in the
grid.
[0016]

According to the nitride semiconductor light-emitting device of the present invention,

25  at least an n-type semiconductor layer, a light-emitting layer, a p-type semiconductor layer,



and the plated netal plate are partially formed on the p-type sem conduct or
| ayer and a |light-perneable material |ayer is formed on the p-type

sem conductor |ayer in a region vvherelzt he nmetal filmlayer and the plated
netal plate are not fornmed. 5 As a result, an output power of the nitride
sem conductor light-emtting device is inproved because it is harder for
total internal reflection to occur after increasing a critical angle by
using a i 4t i r td i :

gt - pop i A o A ddkeq BBl Wil B B i faver ) ¢
because it,I,S not .necessary to us teri.al wth a.refractive index nore
Uhan ¢ hatmbfhecElried pstel Pt s Dradiplly domid o e ssmicapngiit lavpy a8 oy
than the Iimt, it becomes difficult to extract light froma |, i

| i ght - peHgkizpsracshle saterial layes dy dormpdtan theer-pireseRECqndyeiat 1ayRr imadegiPBe whi ch
is not only excellent in strength characteristics of a supporting

subst r at ehefeuthe aletad fiha dayen andrihe plael] neghplatexdre act fonged.ef fi ci ency by reduci ng
reflection fromthe supporting substrate, and has hi gh out put power 15 can

be obj ai ned.AsSpegdufti aalduvput tfaGeAdY aRd aBBdOkerhitendity@MidtRRnifinBi dRtdedt ed
when the netal filmlayer and the plated netal plate are forned in a cross

shape fr i 1 C: Y "

ot - por DRERL AR P R 86 B EREna BRIV B o @ Rbren B aBrilicdl | oy
inarego ere the netal .filmlayer and the te tal. plate are 20
ot " or wEle SRR RaRT RPN P ebaitos dgoatr) FeF 2 A8 & LghuRiedHEw ng a
cross-sectional structure of the nitride-based conpound sem conductor

| i ght - enimaiarialy In additen,dhe raasompthe yprr Limy isr-§ rbesausgit is pahisicessapomsea 2 js a
view of a cross-sectional structure for explaining a production nethod for
13 a ni hmtatal sdét cefidoiiteoindes giore than tthatmd G cehiof hadhe refreetieaindervdnt i on.

10 2.6. When it is more than the limit, it becomes difficult to extract light from a
light-permeable material.

According to the present invention, a device which is not only excellent in strength
characteristics of a supporting substrate, but also has an improved light-extracting
efficiency by reducing reflection from the supporting substrate, and has high output power

15  can be obtained.

Specifically, the advantage of the invention is highlighted when the metal film layer
and the plated metal plate are formed in a cross shape from the top view on the p-type
semiconductor layer, and a light-permeable material layer is formed on the p-type
semiconductor layer in a region where the metal film layer and the plated metal plate are

20  not formed.
BRIEF DESCRIPTION OF DRAWINGS
[0017]
FIG 1 is a view showing a cross-sectional structure of the nitride-based compound
semiconductor light-emitting device of the present invention as an example.

25 FIG. 2 is a view of a cross-sectional structure for explaining a production method for



FIG 3 is atop viewshowng a state before the division of a nitride

sem conductor light-emtting device of the present invention. FIG 4 is a
top view showing a state before the di :(%/m on of a nitride sem conductor 5
light-emtting device of the present ention. FIG5 is a view showi ng a
cross-sectional structure of the n|tr| de- based conmpound sem conduct or
light-emtting device of the present invention as an exanple. FIG6 is a

view of 3 BRRSERREhLANA! A EHILHE el o RLABAR duBpoduct i on et hod for

a nitride semcon t1ng present invention. 10
FIG7 is at iew show n state b di.vision.of. a nitrid

sen conduct o \él léﬁttOBrﬁl‘f‘f’%hﬁw wed Et@tece}:fe(%?rﬁéh‘bﬁ%%?f? of AHdr SRmicepduc %%t is a
top view showing a state before the division of a nitride sem conductor

| i ght - enilighi-ggitiey dedcnet thp preseddeventipmvention. FIG 9 is a top view showi ng
a state before the division of a nitride sem conductor 15 light-emtting
devi ce of t hEl(preisentopi viswveshowing DEMNSTHATOrENhOR VRESTERENGRriNeI¥ERAOSdIdtbr
FIGURES: [0018] 1... nitride sem conductor light-emtting device, 101, 201

S@ppmgheemtEﬁgae«h@e6%@%;5591&@&%111%@11102 202 ... buffer layer, 103, 203
n-type sem conduct or Iayer 104, Ilght emtting |ayer, 105, 205

p-type Sﬁlr@. %qutuflteﬁ; Sho@fr?%ﬁ cro%ggectégg stru-ct&ré ec f elﬁeisgg tcBI(ﬂgSundZS 107,

207 ... ohmic €ont ayer ayer,

semiconductor light-emitting device of the present invention as an example.
FIG. 6 is a view of a cross-sectional structure for explaining a production method for
a nitride semiconductor ligh{-emitting device of the present invention.
10 FIG. 7 is a top view showing a state before the division of a nitride semiconductor
light-emitting device of the present invention.
FIG. 8 is a top view showing a state before the division of a nitride semiconductor
light-emitting device of the present invention.
FIG. 9 is a top view showing a state before the division of a nitﬁde semiconductor
15  light-emitting device of the present invention,
DENOTATION OF REFERENCE NUMERALS IN FIGURES:
[0018]
1... nitride semiconductor light-emitting device,
101, 201 ... sapphire substrate (substrate),
20 102,202 ... buffer layer,
103, 203 ... n-type semiconductor layer,
104, 204 ... light-emitting layer,
105, 205 ... p-type semiconductor layer,
106, 206 ... transparent electrode,

25 107,207 ... ohmic contact layer,



109, 209 ... plating adhesion layer 110,210 ... plated netal plate, 111 ...
positive electrode, 5 114,214 ... |ight-perneable material BEST MODE FOR
CARRYI NG QUT THE | NVENTION [0019] An ﬂlﬁ)odi ment of a nitride sem conduct or
conpound light-emtting device of the 0 present invention is explained
referring to figures. However, the present inventionis not limted to each
of follow ng enbodi nents, and nay be a conbination of the foll ow ng

exanpl es.jok . refldclish |fepodiment: FIG 1 to FIG 4 show a nitride

sem conductor |ight-emtting 15 device of the present enbodi ment, and FI G

1 is a criggsssecthonal iew.show ng an exanple of a nitride sem conduct or
Iight-en‘ilt%?i %Osﬁdéjil/al?%lgaggésﬁnegﬁ esent invention, in which an n-type

sem cond or. layer, a ljght-emtting | ayer and a p-type sem conductor

| ayer ar g(iboi%dp?aé‘?ﬁdmﬁﬁlg]ﬁ@se | ayers, an ohmic layer, a reflection |ayer
and a plating adhesion |layer are fornmed, and on these |layers, a plated

met al pl dilé .. positiveraderirofe,G 2 20 shows the method to produce a nitride

sem conductor light-emtting device as an exanple. In the enbodi nent, the
nitri de séd) Zldndlighpperhrylee netvaiah in FIG .2 was formed before the formation
of the structure of top and bottom pl acenent of el ectrodes showmn in FIG 1.
In addition, the two-dotted lines showmn in FIG 1 and FIG 2 express the part
of the cross shape fromthe top view forned by an ohmc |layer, a reflection

72T, P LY, 2o R e NSRBI 2 s e
met hod of prl%%lljg:f ng a nitride sem conduct or
An embodiment of a nitride semiconductor compound light-emitting device of the
10  present invention is explained referring to figures.
However, the present invention is not limited to each of following embodiments, and
may be a combination of the following examples.
[0020]
First Embodiment: FIG. 1 to FIG. 4 show a nitride semiconductor light-emitting
15 device of the present embodiment, and FIG. 1 is a cross-sectional view showing an
example of a nitride semiconductor light-emitting device of the present invention, in
which an n-type semiconductor layer, a light-emitting layer and a p-type semiconductor
layer are formed, and on these layers, an ohmic layer, a reflection layer and a plating
adhesion layer are formed, and on these layers, a plated metal plate is formed. FIG 2
20 shows the method to produce a nitride semiconductor light-emitting device as an
example. In the embodiment, the nitride semiconductor layer shown in FIG.2 was formed
before the formation of the structure of top and bottom placement of electrodes shown in
FIG. 1. In addition, the two-dotted lines shown in FIG. 1 and FIG. 2 express the part of
the cross shape from the top view formed by an ohmic layer, a reflection layer, a plating

25 adhesion layer, a plated metal plate and a positive electrode (Positive electrode 111 in



light-emtting device. The nitride sem conductor |ight-emtting device of
the present invention can be obtained by dividing to a device unit al ong
dicing lines DLI and DL2. 5 [0021] Th |tr|de sem conductor light-emtting
device 1 of the Enbodi nent is obtaine stacki ng an n-type sem conduct or

| ayer 103, a light-emtting |ayer 104, a p-type sem conductor |ayer 105, a
transparent el ectrode 106, an ohm c contact |ayer 107 (a netal filmlayer),
a reflectppn bayer 108, a plating adhesion |ayer 109, plated netal plate 110
in 10 this order (up-and-down direction in FIG 1). In addition in the

T SerAn el i Sl TR O8, Bogh e £ e’ R0ubaNEEiesl O

t he transgtﬂerent el ectrode 106 in this order, These Iehyers are f or med

parti al | Vigremitiing devisee by nitfide ssmisosduatanilighhemitiong dewisei of Hhecpissatshape.
~In other words, as shown in the latitude 15 direction of FIG 1

(left -toimiegﬂimn chnrbeatbtamedofy dividirg) toiadevive welangrdi¢tingdings INLEaodPLi2n FI G 3,
the widths of the ohmic contact |ayer 107, the reflection |ayer 108, the

pl atimg adhgeoxr) |ayer 109 and the plated nmetal plate 110 are narrower than
that of the transparent electrode 106, for exanple, the former is forned to

about 30% Of'l‘lﬁ']ﬁtrid@ts%ﬁfconhﬁme Gl %e@ﬁ@%bfé}%E%b%glﬁﬁéﬂt%&?ﬁaﬁ%& ggtion in

FIGl(depth irection tot per sufface Wi f the
ohm c cont a 107, reflectian |la pl adhesion | a er 109
and ol ot g, & e eéeﬁaoﬂél‘?‘stf’f ﬁlsyesfa?(ﬁiae "Bl *%itrtgﬁéma o dree

el ectrode 106. I n addition, i section line in FIG 3

shown i nsgpigonductsdaysgr dhsd ﬁrwsménq eé%qﬂtodaé%rana?mw &B’étaCtdF‘Yf‘ééW Shmsials he
ohnmic contact |ayer 107, reflection layer 108, plating adhesion |ayer 109
and pl at &dmrlayes), apbﬂtoéiomlﬁyemd()&, apkiing hdlesioal laydrdrﬁ)§hp1|atedonethleplat@ou@.hl25 The
nodel with top and bottom placenent of electrode is obtained by formng a 16
negauu)vet}ﬁbeﬁkfg@eanﬂlcﬁ)vﬁmﬁé@ﬁoﬁ)mp‘mnwurface of the n-type sem conduct or

layer 103 through internediary of a transparent electrode 112 and formng a
positive el aftyafenlihlthe nitride semiconductor light-emitting device 1, the reflection layer
108, the plating adhesion layer 109, the plated metal plate 110 are stacked on the
transparent electrode 106 in this order. These layers are formed partially on the surface of
the p-type semiconductor 105 in a cross shape. In other words, as shown in the latitude
15  direction of FIG. 1 (lefi-to-right direction of FIG. 1) in the section line A-A shown in FIG
3, the widths of the ohmic contact layer 107, the reflection layer 108, the plating adhesion
layer 109 and the plated metal plate 110 are narrower than that of the transparent electrode
106, for example, the former is formed to about 30% of the latter. In addition, as shown
in the altitude direction in FIG. 1 (depth direction to the paper surface in FIG. 1) the widths
20  of the ohmic contact layer 107, reflection layer 108, plating adhesion layer 109 and plated
metal plate 110 are the same as that of the transparent electrode 106. In addition, in the
section line B-B shown in FIG. 3, as shown in FIG. 1, the widths in the latitude or altitude
direction of the ohmic contact layer 107, reflection layer 108, plating adhesion layer 109

and plated metal plate 110 have a similar relationship to the above.

25 The model with top and bottom placement of electrode is obtained by forming a



on the top surface of the plated netal plate 110. [0022] 5 A procedure to
produce a nitride sem conductor light-emtting device of the present
invention is described bel ow by using eléarrpl es shown in FIG .2 and FIG 3.
Firstly, a buffer layer 202 is formed on a sapphire substrate (a substrate)
201, and an n-type sem conductor |layer 203, a light-emtting |ayer 204, a
p-type sem conductor |ayer 205 are stacked on the buffer |ayer 202, to form

a nitri de S eonoiglol1d B She bBnbfl LiRBSRR S nOLEELEARENGR Bybolgpd on

the resultirng nitride sem conductor layer(that is; the p-type sém conductor

| ayer 205). The n-type sem conductor | ayer,.203, Jight-emitfin I 204,
oot ype- sciiebfdnerb Ry iR GERPHR eafiEd 20 Srists 3k Meewody s
formed the sane size as_each other as shown in FIG 2, not only in the

| ati t ude ¥ heden Bhface ot thy plated metahplatg 110; ude direction. Secondly, an ohnic
contact |ayer 207 and reflection |layer 15 208 the stacked on the transparent
el ectrode 2000028]t his order. An ohnmic contact layer 207 and a reflection

| ayer 208 are stacked partially on the transparent el ectrode 206 to forma

grid patternafgroeedard QPproted a aitddd Seenidenduer light-smatify de¥ies 6L aicqdedeyt t he
grid pattern in the latitude and altitude direction as shown in FIG 3. As

the met hoﬂvg&io‘h% %@Hb%&@%ﬁ@tbﬁ%ﬁ e%%ng%)fgﬁs% @a}gﬁgc g{zag:lb@/er 207 and

reflection [ayer met hod which is

descri bed below, by .using a i erial _or lift-of t.h n be used.
A ol at od. et B B Bst Byp S P Tt o Semefile s @ BRBE Al 54 b
plated netal plate 210 is fornmed by plating after coating an jnsulation
filmon thé&ynsaemicamiueior layeini03, g| lwch{r@m&lﬁé Aayieh &Rt th-tyRer femgeondyetop yee
contact |ayer 207 and reflection |layer 208, or by plating after patterning
a thick f205marcesthckednen ehé dlffby layen@0D; kndowm pholtdde tstrmpoadivgor2myeechi que
or lift-off technique in order to only expose the ohm c contact |ayer 207
and a10l7 trifdparesitdl@rodaes isBfned dhn MEdbdultlp nilrdelsemiioRfgdtbgertRatlighe a

pl ati ng adhesion |layer 209 to inprove adhesion between the plated netal

plate Zlop@ﬂ)@ $SlibSGRtRP 141}@‘ %05;OBFI{ean-[Eﬁ}eaéemicqnductor layer 203, light-emitting

layer 204, p-type semiconductor layer 205 and transparent electrode 206 are almost
formed the same size as each other as shown in FIG. 2, not only in the latitude direction
but also in the altitude direction. Secondly, an ohmic contact layer 207 and reflection layer
15 208 the stacked on the transparent electrode 206 in this order. An ohmic contact layer 207
and a reflection layer 208 are stacked partially on the transparent electrode 206 to form a
grid pattern from a top view, and the device units are intersected by the grid pattern in the
latitude and altitude direction as shown in FIG. 3. As the method of forming the pattern
of the ohmic contact layer 207 and reflection layer 208, a well-known photolithographic

20  method which is described below by using a resist material or lift-off method can be used.
A plated metal plate 210 is formed by plating. In this Embodiment, the plated metal
plate 210 is formed by plating after coating an inéulation film on the part which is not
plated other than the part of the ohmic contact layer 207 and reflection layer 208, or by
plating after patterning a thick film resist material by a well-known photolithography

25  technique or lift-off technique in order to only expose the ohmic contact layer 207 and a



filmlayer) before plating. However, the plating adhesion |ayer 209 can be
omtted. Further, the sapphire substrate 201 is exfoliated, and a buffer

|l ayer 202 is also 5 renoved. Next, thg positive electrode 111 and negative
el ectrode 113 shown in FIG1 are fornmed by formng a positive and a
negative electrode. And a nitride sem conductor |ight-emtting device 1
shown in FIG 1 can be obtained by dividing the plated netal plate 210 to a

devi ce URiffec@dPRYe B, NAn lﬁlhai%n,%;s ﬁ@f@rﬂ;}@tcﬁﬁ){ﬁ@mﬁﬁé‘acﬁie@oﬁ-la}e@@@_@]to 10 A

nitride sem conductor light-emtting device of the present is ‘obtained as

shown in, FlG 1 ed | ! t e 7

reflecti OR rp%gcrlh%%’ E%%%‘%&jaﬁ%en%&%é%%éi @ﬁtelojz}ywe%di%glggt?\o&’ ig?%rl aq%ga tr%?azlil pl at e
110 on a_p-type .sem conductor |layer 105 through a transparent el ectrode
106, ar eﬁgaiwsﬁb@ 1pPlting. | Howeystods p%&mseﬁﬁﬁsmqﬁm%%@e ORétRd% onduct or

| ayer 105 through the transparent el ectrode 106 15 It is preferable that the
rati o of thé&'usher th saprhirehsubstragordldcts exfoliated.0amd aHmiffeeflagrt3Bnis plager 108,
the plating adhesion |ayer 109 and the plated netal plate 110, which is the

ar ea 5 of remdvetll oNed) TR pdsitiveeciodtivde 140 nrhacleghtdyeeslectfdde 118 shbendrn daGof a top
surface 105a of the p-type sem conductor layer 105 is in a range of 10-90%

As  shownjeFofin&d Qf%rﬁﬁ%‘jaé ?Hﬁﬁve Xﬂc?é("ﬁééhu'\:ré Cledtroddle ML Ritde IngcORRRN 1072

of the ohm c contact 107 in the latitude 20 direction (left-to-right

the bt yBecaiis @ TR Hb! ol et Ry obdfub AR A BT RlgRC 7 ace

106a of _the transpar_eaﬁt el.ectrode 106 forned. As shogwn_in the top viewin
FI G 3, tRE 0 adeice upikalpngfigng lpepDLd pad Dl as shawp a2 F1G dyer 207 and the

reflection | ayer 208 are stacked on the transparent el ectrode 206 (p-type
seni conduct ¢P023dyer 205) and forma grid pattern 25 which crosses in length
and breadth directions in each device unit. The length or breadth 18 of the

grididi nes isnahedieniBindustonilight-anitiledaviel bf B pidrentdie \Whegnadnistshowhénr ati o
of the area of the grid pattern to the area of each device unit of the
P-type Seff; qonayelplkaRyer8bf an ohmic contact layer 107, a reflection layer 108, a plating
adhesion layer 109 and a plated metal plate 110 on a p-type semiconductor layer 105
through a transparent electrode 106, are formed partially in a cross pattern on the p-type
semiconductor layer 105 through the transparent electrode 106
15 It is preferable that the ratio of the area of the ohmic contact layer 107, the reflection
layer 108, the plating adhesion layer 109 and the plated metal plate 110, which is the area
of a bottom 107a of the ohmic contact layer 107, to the area of a top surface 105a of the
p-type semiconductor layer 105 is in a range of 10-90%. As shown in a cross-sectional
view in FIG.3, the width of the bottom 107a of the ohmic contact layer 107 in the latitude
20  direction (left-to-right direction of FIG.1) is about 30% of the width of the top surface
105a of the p-type semiconductor layer 105, which is the same width as a top surface 106a
of the transparent electrode 106 formed. As shown in the top view in FIG. 3, the plated
metal plate 210, the ohmic contact layer 207 and the reflection layer 208 are stacked on

the transparent electrode 206 (p-type semiconductor layer 205) and form a grid pattern

25  which crosses in length and breadth directions in each device unit. The length or breadth



transparent electrode 206 is about 50% In addition, as shown in FIG 4, in
the nitride sem conductor light-emtting device of 5 the present invention,
a cross part 320 of a plated netal plaﬁg 310 and an ohm c contact |ayer
307, which forma grid pattern fromtop view and cross in |ength and breadth
directions in each device unit, preferablely shows a circle shape which has
a bul ged bulge part 311. [0024] 10 Exanples of a naterial for the

subst r at eof%?é-%ﬂ@ﬁhékq a96ﬂt@%‘%§+s"\91d% aS't f\%ﬂiﬂf ﬂk%*&eé‘i%e h ngﬁo of ! a?eacr ystal

(A12GC3; ane ane spi n crystal 5
AgAl20d4 02
- Ngo)dsfit B Rlef, “ﬂgna&edaot%%cﬁ%v?%eﬂ%ﬁ of B hims Wﬁ@%dgﬁfog%@ﬁ St

single.crystal, Si single crystal and GaAs single crystal. These materials
can be uééadlsﬂ’aé?mte#@ffg%%‘?@létaéo‘l@%thout any limtation. Wen a conductive
substrate such as a substrate made of SiCis wused as the substrate 201, it
i s not neceshnadditian, aesmrer InhelGs dbist tha niridé eemipendbetir dightemittigh tlerded 0f | ng
devi ce conprising positive and negative el ectrodes on both surfaces thereof.

However, thé peRehtiiavditiohes clody phrt 208 of\ahplatd insetalnsiate B10NGd foshinic degtadsed,
and crystal S of t he sem conduct or stacked | ayers grown on the sapphire

substratq ewlﬁ@fg TR, %rgd %%%er gifl’&met%tﬁwganﬁe&’oé‘se i 80l afiX DRt

propertles cannbt e produc ore necessary to renove the

sapphire substrate 201 even.whe t| ve Si he
Subat r at SRS HOReAd (S PR DI oPb G AaeTe e bbichiES e sbes
formed from AIN or Al GaN, which has a lattice constant 25 between the
lattice d¥fstldnts of sapphire single crystal constituting the substrate 101
and 19 @GN, to inprove the crystallinity of the GaN, because the lattice
constant of HW@Phire single crystal and the lattice constant of GaN single
crystal differ by 10% AIN and Al GaN

10 Examples of a material for the substrate 201 include oxide single crystals such as

sapphire single crystal (Al,O3; A plane, C plane, M plane, and R plane), spinel single
crystal (AgAlzOy), ZnO single crystal, LiAlO; single crystal, LiGaO; single crystal, and
MgO single crystal; and a conventional substrate material such as Si single crystal, SiC
single crystal and GaAs single crystal. These materials can be used for the substrate
15 without any limitation. When a conductive substrate such as a substrate made of SiC is
used as the substrate 201, it is not necessary to remove the substrate when producing a
light-emitting device comprising positive and negative electrodes on both surfaces thereof.
However, since the buffer layer 202,7 which is insulating, cannot be used, and crystals of
the semiconductor stacked layers grown on the sapphire substrate 201 are degraded, a
20  light-emitting device having excellent properties cannot be produced. Therefore, it is
necessary to remove the sapphire substrate 201 even when conductive Sic or Si is used for
the substrate 101 in the present invention.
[0025]
The buffer layer 202 is formed from AIN or AlGaN, which has a lattice constant

256  between the lattice constants of sapphire single crystal constituting the substrate 101 and



are used without limtation in the present invention at all. [0026] 5 The
nitride sem conductor having a hetero-junction structure is nade from at

| east the n-type sem conduct or IayerAég the light-emtting | ayer 104, and
the p-type sem conductor |ayer 105. the nitride sem conductor, many
nitride sem conductors denoted by the general formula: Al InyGal_X;YN (0 <
X <1, 0 <y <1, xty <1) are known. In the present invention, nitride

sem cond denoted b en la 1 x| n x <1,
02y 00T G, B RS etk e N B éﬁf”ﬁﬁ%ﬁﬂg Jhitef ¥t o shihits o

nmet hods of these nityide sem conduct are not ted. The prese

hvent ; orsieglfcrygiel ad ﬁiﬂfﬁ%@nﬁﬁmﬁf @ﬂ@%ﬁlﬁﬂ%@ 9% #WIE%N

G oup-1l1 nitride sem conductors such as a netal organic chem cal vapor
deposi t i cave peadhwishquribai@lion irsthh prkseriénveapion apdlhse epi t axy (HPVE), and

nol ecul ar beam epitaxy nethod (MBE). Anong these, fromthe viewpoi nt of

control | abi | {[oogepf the thickness of a film and mass productivity, MOCVD is
preferable. [0028] Wen MOCVD is used, it is preferable that hydrogen (H2)

or ni ty ogen (l"h@)nnt?@e 43 d%gtoﬁﬁaﬁngéhéﬂeﬁf judiéon §tﬂ1@£uré {d Iﬁﬂekﬁ‘érﬂ at iehé’!'ﬁhe( TVG)

or triethylgallium (TEG) e used source which is a Goup- source
mat eri al ; at trine al,um n trlet IaI num ) he used as
an Al solt iyg; PRI &'Iwry‘r%tt hlf}ﬁr (ijg t?’/AMh toe?mttp}g' ﬁﬁél u?ﬁc%fEA pg[gpeused as
an In source; and that anmmoni a (NH3),, or hyd zi ne (N2H4;%r be used as a N
sour ce whicBRcqnatugior 1a5igp - N)5s d\ir e paidsy segpico Ct% IRRY rSe SABpeRRuCory ¢
exanpl e, nonosilane (SiH4) or disilane (Si2H6) is preferably used as a Si
sour ce, adutogpdrbyethé penctdbdbinulasA RingGer.a (0 Bsed] a6 Sy, soyrdparcAnownp- t ype

dopant, for exanple, biscyclopentadi enyl nmagnesium (Cp2My) or
In the present invention, nitride semiconductors denoted by the general formula
10 AlIngGajxyN (0 = x <1, 0 £ y <], x+y <1) can be used without any limitation.

[0027]

Production methods of these nitride semiconductors are not limited. The present _
invention can use all methods which are known as methods for growing Group-III nitride
semiconductors such as a metal organic chemical vapor deposition method (MOCVD),

16 hydride vapor phase epitaxy (HPVE), and molecular beam epitaxy method (MBE).
Among these, from the viewpoint of controllability of the thickness of a film, and mass
productivity, MOCVD is preferable.

[0028]

When MOCVD is used, it is preferable that hydrogen (H,) or nitrogen (N2) be used

20  as a carrier gas; that trimethylgallium (TMG) or triethylgallium (TEG) be used as a Ga
source which is a Group-IlI source material; that trimethylaluminum (TMA) or
triethylaluminum (TEA) be used as an Al source; that trimethylindium (TMI) or
triethylindium (TEI) be used as an In source; and that ammonia (NH3) or hydrazine (N2Ha)

be used as a N source which is a group-V source material.



bi set hyl cycl opent adi enyl magnesi um ((EtCp)2My) is used as a My source. 5

[ 0029] For a nethod of dividing a nitride sem conductor on a sapphire
substrate, well-known techniques such(fs etching nethod, |aser cutting
method can be used without linmitation 4t all. Wen a laser |ift-off nethod
is used, when a nitride sem conductor is divided, it is preferable to
renove the substrate well in order to avoid damagi ng the sapphire substrate

10 101. Vhen, 4tnbstra'tcgopg§1d5&t§ Ao SOROHAHE RS of dislihe PERAS RIS Ryt Ch
h

t he sapphiresu Pt ow ecause "a nf

sem conduct or S ara et chi ng |ded by a | ser it
o br of el & 4 9 soseey i scrwanty (elSisaBErobY s Bt s v

different froman absorption wavel ength of GaN and sapphl re. [MOSO] 15 The
ohni ¢ codopat, | ayer 10GRample; equbisesslapsntadicayla | oongnesivact (EmMghncedtto the
p-type nitride sem conductor layer 105. Wth respect to the contact

resi st anbisethyldybiopentadipgy] mdghedemy ErCopMi)ds adedlagyvg d6lbce. an el ement of the
pl ati num group such as Pt, Ru, Gs, Rh, Ir, and Pd, or Ag is preferable as a
mat er g al fog ohmc contact | ayer 107. Anong these Pt, Ir, Rh, and Ru

are nore preferable, and Pt is nost preferable When Ag is used for the

?Qm;"p?SBT crhn e O R e A TRt o et B %Sirr o WERRRE of et

However, can be_used_in deyices in which a hlg co resi stance i s not
requi red. e %ﬁ"mh\ﬁﬁéwht%énﬁ%%islﬁ%? ERing resthqcoerd %fve R S G LETBRON He
p-type sem conductor 25 |ayer 105, it is possible to use Ti, V, G, Co, N,
Zr, Nb, KB, Mhenalasalifeoffdaethodés wisdywhen a nitside semicondustortisalived, di sont act
Iayer 107, because a contact resistance between the transparent el ectrode
106 and préfyablexe rtaondthetsabstiaty &ell 100rdes td avaie damnging tisosipphire sulegaRt ance

bet ween the transparent el ectrode 106 and ohm c contact |ayer 107 decreases.
10 101. When it is divided by an etching method, it is preferable to etch the sapphire substrate
101 at a slow etch rate because a nitride semiconductor has a rapid etching rate. When it is
divided by a laser, it is preferable to use the laser at wavelength of 300 to 400 nm, which is
different from an absorption wavelength of GaN and sapphire.
{0030]
15 The ohmic contact layer 107 is required to have a low contact resistance to the
p-type nitride semiconductor layer 105.
With respect to the contact resistance to the p-type nitride semiconductor layer 105,
an element of the platinum group such as Pt, Ru, Os, Rh, Ir, and Pd, or Ag is preferable as
a material for the ohmic contact layer 107, Among these, Pt, Ir, Rh, and Ru are more
20  preferable, and Pt is most preferable.
When Ag is used for the ohmic contact layer 107, excellent reflectivity is obtained.
However, there is a problem in that the contact resistance of Ag is higher than that of Pt.
However, Ag can be used in devices in which a high contact resistance is not required.

However, when the transparent electrode 106 is formed on the p-type semiconductor

256  layer 105, it is possible to use Ti, V, Cr, Co, Ni, Zr, Nb, Mo, Hf, Ta, W besides the above



[0031] 5 To stably obtain a | ow contact resistance, the thickness of the
ohm c contact layer 107 is preferably 0.1 rimor greater, and nore
preferably 1 nmor greater. Wien it is i WMh or greater, a uniformcontact
resi stance can be obtained. Then, the P&l ecti on | ayer 108 is fornmed on the
ohm c contact |ayer 107 to inprove the reflectivity of light. The
reflection |l ayer 108 is preferably made of an Ag alloy, or an 10 Al all oy.

o0 28,21 B TSNSt SPhAEL L Ygh BBl ol ol e B 1 e

0 I's, since rom
light-emtting | ayer 104 i ufficiently reflected,.a hi gh-powered device

can be. proAREdE SR8 and BepS remispiiicim et fos s Ayl R St al | oy
In addition, when the reflection |layer 108 is made of an Ag alloy or an Al
al | oy, arigsistaacedimivecnciba trapipateay electi@ie 106 and ohmeheantachayghlY odecrsagest to 15

pass sufficiently there through, sufficient reflected |ight can be obtained
in addition {@31pbtai ning an excellent ohmc contact. Therefore, a

hi gh-powered |ight-emtting device can be produced. The thickness of the

ohmi ¢ scont actry ls%l%vfobjﬁgﬁ all§wRbAh& el R0tHeitHicRiicss 85 he oBRfc cdMAR 1L gy abl y
10 nmor |less. As’'the nethod for producing the ohmc contact |ayéer 107 and

the reflegt] conv i er | t : sition
nmet hods cigl?r%grah@e@ﬁvﬁﬁ%@fe%{a%ﬁyagalrﬁ%%tpg |§Rf5pré§'%}béﬁ E@?ﬂgﬁi@ﬂ%f%?.g?a §Pto use
an Ag alloy for the reflection |ayer 108.,I1t;‘is preferable that the film

t hi cknessSTE#teh & UREETR GeMtpctyesistanss A beablginelan 0.1 rimto 25 obtain a good

reflectance. In order to obtain good reflectance, it is nore preferable that
22 the thi ckhesshdeefleotien tayan 108 isnformed audba plamic ¢ontdct layeed @f thineprowat t he
t hickness of an Ag alloy |layer be thin because mgration occurs easily in

the Ag | ajrereffaeenity bf liget. Age kelfeetion fayep 108 cpreférahly pladé ofign Ad ally, oPae
preferable that the thickness of the Ag | ayer be equal to
10 Al alloy. An Ag alloy has a higher reflectivity than Pt, Ir, Rh, Ru, Os, and Pd in the visible
to ultraviolet wavelengths. That is, since light from the light-emitting layer 104 is
sufficiently reflected, a high-powered device can be produced using the reflection layer
made of an Ag alloy or Al alloy. In addition, when the reflection layer 108 is made of an
Ag alloy or an Al alloy, and the ohmic contact layer 107 is made thin enough for light to
15  pass sufficiently there through, sufficient reflected light can be obtained in addition to
obtaining an excellent ochmic contact. Thérefore, a high-powered light-emitting device can
be produced. The thickness of the ohmic contact layer 107 is preferably 30 nm or less, and
more preferably 10 nm or less.
As the method for producing the ohmic contact layer 107 and the reflection layer 108,
20  conventional sputtering methods and deposition methodsv can be used without any
limitation.
[0032]
It is preferable to use an Ag alloy for the reflection layer 108.

It is preferable that the film thickness of reflection layer 108 be more than 0.1 nm to

25  obtain a good reflectance. In order to obtain good reflectance, it is more preferable that



or less than 200 nm 5 As the nethod of formation of a reflection |ayer 108,
a well -known sputter nethod or an evaporation nethod can be used w t hout
limtation in particular. The filn1mﬁég a strong adhesion can be obtained
when the sputter nmethod is used becau a sputter particle with a high
energy collides against a substrate surface. Thus, it is preferable to use a
sputter nethod. 10 [0033] As a material used for the transparent el ectrode

106, wel}- ri 10 ( ; -Zn-0
2l oyy o fIRRRsTBE Slof Pty T 35 adhitont 8% pRrlia i bbb &S AL 201
t hi ckness of the tr.ansparent. el.ectrode 106, r han 100..nmis .preferable
Ol GRaayes Dy ghil tREF GUEGHAR SETLTS 64T 3R AELAS I SUTR AR i
deteriorates when the transparent electrode 106 is too thick because it can
absor b |nrgieeted Pydating:  Ttsismagre preferablerthi the thiekneshef the dvs lsaeebe eqlabta r ode
106 be equal to or less than 1 gm In addition, it is preferable that the

t r anspar@niéssehaci(oaode 106 be fornmed on the entire surface of the p-type
sem conductor |ayer fromthe viewpoint of current diffusion. 20 As the

met hgd of f AcARY heMo@bf FhRRERREEN eMREAGT Fa9&e 08OB wef-MB I M ISR ber
met hod and evaporation nethod can be used"without limtation in particular.

Par i cul g L yeor, 80, AAAGAICRSe LEEALARN Rlisoh SRREALUE G180 o Qo POC t0

30Q0C after ion o _ ncrease 4d transm ssfon
the. pl atHAd6P G FECFEPPR AT PRID e aPRGT IR Taed hsmpied SRIRERARCO PR o
110, that is between the plated netal plate 110 and reflection |ayer 108, in
order t chigh gpengy ecolliviss axghiast @ substeateasuréacer This, ot ist prefsabe itagisadhemitton | ayer
109, it depends on the naterial of the plated netal plate 110, and the
mat er i almethbdgh is contained as a main
10 [0033]
As a material used for the transparent electrode 106, well-known materials such as
ITO (an In-Sn-O alloy), [ZO (an In-Zn-O alloy), AZO (a Zn-Al-O alloy) can be used
without limitation at all.
As the thickness of the transparent electrode 106, more than 100 nm is preferable in
15  order to obtain a low contact resistance.l The output power deteriorates when the
transparent electrode 106 is too thick because it can absorb light. Thus, it is more
preferable that the transparent electrode 106 be equal to or less than 1 um.
In addition, it is preferable that the transparent electrode 106 be formed on the entire
surface of the p-type semiconductor lasrer from the viewpoint of current diffusion.
20 As the method of formation of transparent electrode 106, a well-known sputter
method and evaporation method can be used without limitation in particular. Particularly,
an annealing treatment at a temperature of range of 100°C to 300°C after formation of a
film is effective to increase a transmission factor and decrease sheet resistance.

[0034]

25 It is preferable to form the plating adhesion layer 109 directly under the plated metal



conponent in_the plated netal plate 110 can be nostly contained in order to
i nprove the 5 adhesion. For exanple, it is preferable that the materi al

whi ch be the sane as the main conponept which is contained equal to or nore
t han 50% by wei ght of the plated netal " plate 110, is contained equal to or
nore than 50% by wei ght of the a plating adhesion |ayer 109. [0035] 10
When the plated netal plate 110 is nade by plating NP, the plating adhesi on

| ayer is r i r i P. In
adai 11 on Pk a0y B2 ¥ ERMEn e Bieftd BLlP B SO0 Y SABERTRAN MBS )

| ating adhesion |layer 110 is preferably . made of Cu l, and re
D o or abi bR e pdisgion Asg el St BE g Beom Pveti B L Her A of i kness
of the plating adhesion layer 109 15 is preferably 0.1 nmor greater, and
nor e pr efiepighlyofithg plafed gpetak plate WO, wod Jhe appterial jwhiply is gpiained jagia mai t he
t hi ckness of the plating adhesion |ayer 109, the upper limt of the

t hi cknesscongpopemfiatiabplpted metal plhtesld Ofcan ire thwstly @ontzinef] ivioederdd ippwdedhd vi ty.
The production nethod for the plating adhesion layer 109 is not limted, and

exanplses ddnesieR! PorekbsiBled itGo praRablenBlt R dat@ial RehidEbNAE safed d9ROfiain on
met hod. Since 20 sputtered particles having high energy hit the surface of

a base to I | g i | oA Lo by i a
Fi1'm havicyTREf ks Sorilio Pl 8 b hoRE LB S0oA by Wb ST el el 2
used to fqrm.the. pl ati.ng, adhesi on | ayer 109, [0036 e pl at.ed tal plate
1561 st oived 1By iErombaaih FaRbEs OF ety Mgl gl SRkt oEHiech JBHEE sIBSFim | ng
nmet hod. When an el ectroless plating nethod is used, it is preferable to
plate a Ne¥erdf9. alloy. In contrast, when an electrolysis plating nmethod is
used, it is preferable to plate Cu. In order to nmaintain sufficient
strength as p036hte, the thickness of the plated netal plate 110 is
preferably 10 mor greater. However, if the plated netal plate 110 is too
thickyy the  When the plated metal plate 110 is made by plating NiP, the plating adhesion layer is
preferably made of a Ni alloy, and more preferably made of NiP. In addition, when the
plated metal plate 110 is made by plating Cu, the plating adhesion layer 110 is preferably
made of a Cu alloy, and more preferably made of Cu.
In order to obtain excellent adhesion, the thickness of the plating adhesion layer 109
15  is preferably 0.1 nm or greater, and more preferably 1 nm or greater. Although there is no
upper limit to the thickness of the plating adhesion layer 109, the upper limit of the
thickness is preferably 2 pum or less from the point of view of productivity.
The production method for the plating adhesion layer 109 is not limited, and
examples thereof include a conventional sputtering method and deposition method. Since
20  sputtered particles having high energy hit the surface of a base to form a film in the
sputtering method, it is possible to form a film having high adhesion. Therefore, a
sputtering method is preferably used to form the plating adhesion layer 109.
[0036]
The plated metal plate 110 is formed by an electroless plating method or electrolysis

25  plating method. When an clectroless plating method is used, it is preferable to plate a NiP



pl ated netal plate 110 easily peels and productivity decreases; therefore,
the thickness is 5 preferably 200 gmor |ess. Before plating, it is
preferable to degrease and wash the suyface of the nitride sem conductor
device using wi dely used neutral detergents. In addition, it is also
preferable to chemcally etch the surface of the plating adhesion | ayer
using acids such as nitric acid to renove a natural oxide filmon the

plating Fuhes] Qhuasy fhen %,Qel\é%myéi@ﬁlaﬁh@ﬁﬁ%aqg BledPlt gfe?aﬂlT@g)eplﬁ’t)é A, P

plating, the plated netal plate’is preferably forned by electrol ess plating
using a pl atding bath.co i SLng. a.sour of,. ni,ckel [ EI | fate
and i oicDt Ok S Rl RIS SR B Pl Uess 3 B BNt

Exanpl es_of. a suitabl e comrerci alized pr.oduct of a plating,bath used in

el ect r ol &KLy 3!1%%@%‘[ KT Hithe Plied ancld wewéﬂmo@@%.eﬂe Ltd.
The pH 15 of the plating bath during electroless plating is preferably in a
range fr phted metaliplateatld easidy peadsrped prodietivityedespfas¢ss tharefbes; sl thidkness isange
from30 to 95C. [0037] Wien the plated netal plate is made by plating Cu or
a Cu &l | ppeferhthle 2p0 ahesk 88t al plate is preferably fornmed by el ectrolysis
plating using a plating bath conprising a source 20 of Cu such as copper

sul fate. Th%ﬁﬁﬁtélﬁ%t‘é?ﬁg Ns QeI P abEBheS it Q\lra@ﬁitH? suffald 8F Gh&hitfide

id
strongly acidic, the pH thereof 1s preferably 2 or less. The

tenperature thereof, i.s referably .in r e from .1 0.50C and nore
prefer ab?ipuf%(ﬁﬁcﬁ’é&S@F%Pﬁ?%“?%%ﬁiﬁ‘gué@tﬂ%p%ﬁmd%ﬁ%ﬁ}cﬁg}m?’%falf)%éf’ erably in a
range from 0.5 to 10 _A/iinz, and npre preferably in a range from2 to 4
A dre.  2Brefgabla & ehamicaliyetgh thersurfgcqakibe plating Adhesien layeiopsing ecidsyichiang agent
is preferably added 25 to the plating bath. Exanples of a commercialized
product oitriaadié tetenmmye agahralesdédt filnconithe plETig-adhgsiemdy®&TN- 1- B, nar ket ed by
Uenura & Co., Ltd. [0038]

10 When the plated metal plate is made by NiP plating, the plated metal plate is

preferably formed by electroless plating using a plating bath comprising a source of nickel
such as nickel sulfate and nickel chloride, and a phosphorous source such as
hypophosphite. Examples of a suitable commercialized product of a plating bath used in
electroless plating include NIMUDEN® HDX marketed by Uemura & Co., Ltd. The pH
15  of the plating bath during electroless plating is preferably in a range from 4 to 10, and the
temperature thereof is preferably in a range from 30 to 95°C.
[0037]
When the plated metal plate is made by plating Cu or a Cu alloy, the plated metal
plate is preferably formed by electrolysis plating using a plating bath comprising a source
20 of Cu such as copper sulfate. The plating bath during electrolysis plating is preferably
strongly acidic, that is, the pH thereof is preferably 2 or less. The temperature thereof is
preferably in a range from 10 to 50°C and more preferably room temperature (25°C).The
current density is preferably in a range from 0.5 to 10 A/dm®, and more preferably in a
range from 2 to 4 A/dm?.

25 In addition, in order to make the surface smooth, a leveling agent is preferably added



In order to inprove adhesion of the plating netal |ayer 110, it is
preferable to anneal 5 the plated netal plate 110. The annealing
tenperature is preferably in a range fh§n1100 to 300C to i nprove adhesion.
If the annealing tenperature is nore tfan the above range adhesion may be
further inproved, but ohm c properties nmay be degraded. [0039] As a nethod
of formng the ohmc contact |ayer 107, reflection |ayer 108 (a netal 10

filmlay | pl O Dar.t - - .
sern condae s Ayt ket oo hndh AR bl Y Eliv b By Bg et
consi der As, a of form he ohm, c cqntact |ayer 107, reflection

| ayer 1o?‘Bi-rlfé&P@F‘l&gﬂ%%fkqﬁgﬁl%m%‘%%ﬂ&ar aphic technique and lift-off
techni que can be used. [0040] 15 As a nethod of form ng the plated netal
plate 110 pald®B& Iy, the two following methods are mainly considered. (1)
An insulating protection filmis forned on the part other than the ohmc

contact | ayem orliér/todngravefddacdioof thaypdatinkGBetalAaya IOsilid prefdratile tanreak or ned
only on the patterned ohmc contact |ayer 107 and reflection |ayer 108

because Rhebiai rﬁé’tﬁﬂ%llhtebﬁ 0f PhdRtheRinPRmpR&itir8 %@féritg%iﬂ b Fngb Dor10Mick film

resist materi ating 1s used in a well-khown ot ol i thogr aphy

ial for

| ayer 107 ORe debies BT 1535 maneAld, oo S5 By LRI il ™"

110, it is necessary . to keep the bal ance of two inconsisfent 26
char act erng?ﬁl%{naﬁll?éf'&ﬁhwwv?i b&&@%ﬁrﬂﬁeﬂtl?ﬁén%'é%dﬁaieﬁe each | ayers of
the p-type sem conductor |ayer 105 as nmuch as possible, and the other of
which is hol Hi088l the strength of the plated nmetal plate 110 as a substrate
as much as possible.

As a method of forming the ohmic contact layer 107, reflection layer 108 (a metal

10  film layer), and plated metal plate 110 partially on the p-type semiconductor layer 105
(transparent electrode 106), several methods are considered.
As a method of forming the ohmic contact layer 107, reflection layer 108 partially, a
well-known photo lithographic technique and lift-off technique can be used.
[0040]
15 As a method of forming the plated metal plate 110 partially, the two following
methods are mainly considered.
(1) An insulating protection film is formed on the part other than the ohmic contact layer
107 and reflection layer 108. As a result, plating is formed only on the patterned ohmic
contact layer 107 and reflection layer 108 because plating cannot be formed on an
20  insulating film.
(2) A thick film resist material for plating is used in a well-known photolithography
technique and lift-off technique.
[0041]
As a pattern of the ohmic contact layer 107, reflection layer 108, pattern shape of

25  plated metal plate 110, it is necessary to keep the balance of two inconsistent



It is preferable that the fornmed pattern of the ohm c contact |ayer 107,
reflection layer 5 108, and plated netal plate 110 be a cross as shown in
FIG3 and FIG 4 in a view of holdi ngZ%trength of the substrate while
decreasing the occupi ed area of the p-type sem conductor |ayer 105 as nuch
as possible. However, as a pattern of the ohmc contact |ayer 107,
reflection | ayer 108, and plated netal plate 110, it is not limted to a

pat ter n Shirisfcd FRe3oObhfchCs docrdabink " SLLTRMME chifiayed0 o LA ON the

transparent el ectrode 10 ape of grid, crossline, round

ring, square rin Y or. e, Whi ch can be decided ropriatel cording to
e st - cnBFordhO; ayeg ol snuel o HhsuPley Rl 1B BREIObhh e hBR B
pads to be descrjbed helow. [0042] It is also 1?referg)tfle to forma w de

ar ea whi #fengyofithe,plated smetal plate d Ko as ¢ Fibsirpe g5 greh gy postdlemke it easy to set a
bonding wire. For exanple, as shown in FIG 4, it is preferable to forma
rough circl & ip atefernble fthas theaformpd péattann hiithie wlymdc bertapt 14321 10h refistion daysr par t
320 of plated netal plate 310 at the center of a device unit in order to

set & bongl, agd Widted nle@d4Mte 1M hera tlss Aslimid onFId X Al PI@teth asial opl ate
110, a sapphire substrate (sapphire 20 substrate 201 in FIG 2) is

exfoliat : f e i QY u i,.hcl ude

oy comBdinE GRS of the B HRICHE Gl 1R RAABIN Srch P e bibd'?

| aser-1ift-.of f, net pﬁod.gﬁfter % sarpoghf'ﬂre substrate is exfoliated, the buffer
Y923 BPOPY

| ayer (bIPPEPIYESE %Y ®renpved by a polishing method or
etching nethod, or the like, and the n-t ﬁpe 25 sem conductor |layer 103 is
exposed. A HOFBRVPL as @ peltern gdthe akiie sontactdwier 407 .aeBeptiondayer 108, andgdated i on i n
figures, is fornmed on the n-type sem conductor |ayer 103. As the negative
el ect r odmgtat phateetit) tnshotribgitdd toe eittent shodmsn BéGi hor K&k #oliss pefipatde thabns and
structures can be used without any limtation.
10  apattern on the transparent electrode 106 be a shape of grid, mesh, crossline, comb, round
ring, square ring, Y or L, which can be decided appropriately according to the strength of
the substrate and installation characteristics of metal pads to be described below.
[0042]
It is also preferable to form a wide area which metal pads are attached to, in order to
15 make it easy to set a bonding wire. For example, as shown in FIG. 4, it is preferable to
form a rough circle pattern from a top view having a bulge 311 in the cross part 320 of
plated metal plate 310 at the center of a device unit in order to set a bonding wire.
[0043]
After the formation of the plated metal plate 110, a sapphire substrate (sapphire
20  substrate 201 in FIG 2) is exfoliated. Examples of a method to exfoliate a sapphire
substrate include any conventional methods such as a polishing method, etching method, a
laser-lift-off method.
After a sapphire substrate is exfoliated, the buffer layer (buffer layer 202 in FIG. 2) is
removed by a polishing method or etching method, or the like, and the n-type

25  semiconductor layer 103 is exposed. A negative electrode, which is abbreviated for



As the positive electrode forned, various positive el ectrodes conprising Au,
Al, NN, 5 Cu, and the |like are known. In the present invention, this
conventional positive el ectrodes can 9? used without any limtation. [0044]
Second Enbodi nent: Anot her enbodi ment of a nitride sem conductor conpound
light-emtting device of the present invention is explained referring to
figures. 10 [0045] FIG5 to FIG 8 are figures explaining a nitride

sem condt{ﬂaﬁfaﬁlbh aDhgeal td frdhed BN tien-typk s&@ﬁoaﬂﬁ&&nﬁ &X89P! eas #acheGh§zed 1S @

: 0T 1ay
cross-sectional view show ng an exanple of a nitride sem conduct Or

light-em tt] device.of . the present .j ' . ich. -t

sem conduettl:%clctjljr3 8?,a§o\é1'rv§1ﬁga%'all éﬁge@&%’i e? ?Ciﬁhgé%]é%}rlé gfhgrdogsn%&?é/%gmglg n%% 81 oérﬁlg%f: i ayer
are forned, 15 d. on these |l ayers, an ohmc layer, a reflection layer and a
pl ating &@ALEUSH Vitheut agy bmitelpRed  and on these |ayers, a plated netal
plate is formed. FIG 6 is figure to explain the nethod to produce a
nitride sem Asthtupasiivel dleftode fomiednyariasipositiae ckairedesrpomprising AmeAl, Ni,

enbodi ment, the nitride sem conductor |ayer shown in FIG 6 was fornmed before

the fsor n@,iaad tief litdere khowal e pfeséinesmtiobohisayonpéivaemisitbie ddotrotiésodes
shown in FIG5. In 20 addition, the two-dotted lines shown in FIG 5 show

the part %bgﬁgem&t%?gﬁi%ﬁgﬁn the top view fornmed by a positive

el ectrode on a plated ate. The two-dotted lines shown in FIG 6
show t he partoogj1 the cross shape fromthe top view forned by an ohmc
| ayer, a ref ect] on | ayer, a plating adhesion |ayer, and a pl ated netal

SRR RN AN TR A T e
light-emtting device of the present 28 invention can be obtained by
di vi di ng light-amiléing deviandf tha lptasentdivesntign IS expkimidretendngioXigur¢s0046] The
nitride semconductor light-emtting device 1 of the Enbodi nent is obtained
by 10 [0045]
FIG. 5 to FIG. 8 are figures explaining a nitride semiconductor light-emitting device
of the present example, and FIG. 5 is a cross-sectional view showing an example of a
nitride semiconductor light-emitting device of the present invention, in which an n-type
semiconductor layer, a light-emitting layer and a p-type semiconductor layer are formed,
15 and on these layers, an ohmic layer, a reflection layer and a plating adhesion layer are
formed, and on these layers, a plated metal plate is formed. FIG. 6 is figure to explain the
method 1o produce a nitride semiconductor light-emitting device as an example. In the
embodiment, the nitride semiconductor layer shown in FIG. 6 was formed before the
formation of the structure of top and bottom placement of electrodes shown in FIG. 5. In
20 addition, the two-dotted lines shown in FIG. 5 show the part of the cross shape from the
top view formed by a positive electrode on a plated metal plate. The two-dotted. lines
shown in FIG. 6 show the part of the cross shape from the top view formed by an ohmic
layer, a reflection layer, a plating adhesion layer, and a plated metal plate.

Figures 7 to 9 are figures showing the method of producing a nitride semiconductor

25  light-emitting device. The nitride semiconductor light-emitting device of the present



stacking the n-type sem conductor |ayer 103, light-emtting |ayer 104,
p-type 5 sem conductor |ayer 105, transparent el ectrode 106, ohm c contact
| ayer 107 (a netal filmlayer), refl ec%éon | ayer 108, plating adhesion |ayer
109, plated netal plate 110 in this order (up-and-down direction in FIGD5).
In addition, in the nitride sem conductor light-emtting device 1, the
reflection |l ayer 108, plating adhesion |ayer 109, plated netal plate 110
are stack . 1 . i1 § h . se | ayers
are forme g%nglr% ¢ %%Pésg@&gﬁgﬁsﬁgv}l?égé&%ﬁ %Rée)glgt %gg%ms(}e& E:I%rslg)}gte%nrd ﬂl-fg% in a
cross shape. Ig ther words, as shown in the latitude direction of FIG5
(Ieft-to-rigH)(0 rection of FIG 5) in the section line A-A shown in FIG 7,
the widths of the ohmc contact |ayer 107, reflection |ayer 108, plating
adhesi on | ay&he nijddesamipondusipr light-emitingdevice1 b ohths Frabediment is iphtrinddty of t he
transparent el ectrode 106, for exanple, the 15 forner is formed to about 30%
of the | aftdoking | nthadditypo nsendsomslncion lapert H@3al light-edettingi dayet | D, | p-thpeG 5
(depth direction to the paper surface in FIG5) the widths of the ohmc

contagt |@yufcontfdior Ia?f:ﬂ ABL LaRsphRYElcdRfle 1W6abhnl REReSIape 10AYE@mdi%iand
pl ated netal plate 10 are the sane as that of the transparent el ectrode

106. In i . ' |4 - oW, | . iLn FIG
R e B R

| ayer 107, reflectign |l.ayer 108, plating adhesion |ayer 109 and pl ated

metal pl d@B-2pdo e&“%‘{mmé‘r ?}‘ el ati onship to above. In addition, in this
Enbodi nent, a light-pernmeable material layer 114 is formed on the

transpar ent bl additiodén tigenitnidet yepricangnetar liplsramitting dawidec! . cbaredlertiomlayer 107,
reflection layer 108, plating adhesion [ayer 109 and plated netal plate 110
are not fm8yethtingedhbdomogier 100} platedpmatat! phad 11 0Inapd staelosdnén die ainspheat r ode
is obtained by formng the 29 negative electrode 113 on the bottom surface
of the n-dyRRAS L SR BIRE TRYE(ayd@3ire FHRHIAr MMy IM BE TRFARI of 8L plihse
transparent electrode 112 an ormng the positivé electrode 111 oh the top

surface Osfemticbo%dﬁ(lzt%lt' %15 {Itle z} &‘los slhaa%)g %%‘ther words, as shown in the latitude direction of

FIG. 5 (left-to-right direction of FIG. 5) in the section line A-A shown in FIG. 7, the widths
of the ohmic contact layer 107, reflection layer 108, plating adhesion layer 109 and plated
metal plate 110 are narrower than that of the transparent electrode 106, for example, the
15  former is formed to about 30% of the latter. In addition, as shown in the altitude
direction in FIG. 5 (depth direction to the paper surface in FIG. 5) th(-; widths of the ohmic
contact layer 107, reflection layer 108, plating adhesion layer 109 and plated metal plate
110 are the same as that of the transparent electrode 106. In addition, in the section line
B-B shown in FIG. 7, as shown in FIG. 3, the widths in the latitude or altitude direction of
20  the ohmic contact layer 107, reflection layer 108, plating adhesion layer 109 and plated
metal plate 110 have a similar relationship to above.
In addition, in this Embodiment, a light-permeable material layer 114 is formed on
the transparent electrode 106 in the region where the ohmic contact layer 107, reflection
layer 108, plating adhesion layer 109 and plated metal plate 110 are not formed.

25 The model with top and bottom placement of an elecirode is obtained by forming the



[00471 5 A procedure to produce a nitride sem conductor light-emtting
device of the present invention is described bel ow by using exanpl es shown
in FIG6, FIG.7 and FIG 8. Firstly, tﬂf buffer layer 202 is forned on the
sapphire substrate (a substrate) 201, and the n-type sem conductor |ayer
203, light-emtting |ayer 204, p-type sem conductor |ayer 205 are stacked
on the buffer layer 202, to forma nitride sem conductor |ayer. The 10

{ranspar aaborfb idiRde 390 el A5IR sOitadher T HRUL RSl fiB0s spapguct or

(that is, p-type sem conductor [ayer ype sem con tor |ayer

203, light-emtti.ng |ayer 2 -type sem cond or er. 205 and...

t r anspar efftY @ﬁt'[nf('j'é‘eéﬁ@' Qfghef ngg%ppaaqnioeg%cﬁoﬂgu@;ln%nd 3‘%/%11%38%&%1%{: her as
shown in FIG 6, not only in the latitude direction but also in the

al ti t ude elerireds 11don the togeswfaen 9f the platedinetal lafetldBt | ayer 207 and reflection
| ayer 208 are stacked on the transparent el ectrode 206 in this order. The
ohm ¢ cont adfi04dyer 207 and reflection layer 208 are stacked partially on
the transparent electrode 206 to forma grid pattern froma top view, and

the dgvice URiptdeediire th PrRTuSE atrflideeintRn@iidtier RatitlepiiftingNicvite! dfUBe pAReht
altitude directions as shown in FIG 7. As the nethod of formng the

R e R
i dft- . I ) 0.1
e O by A RS 0 RSB TR T2 1 e

by plating after coating an insulation filmon the part which is not plated
ot her t h&if phoegamicontuetpelayeni®, dighteamittinglayer 20 patype sarpicepdyceny lpysfer 208,
or 25 plating after patterning a thick filmresist nmaterial by a well-known

phot ol i t B6fraapltackBal oh ehdbirfferelager 02t toofokmt & mitride semiconduder layer. oy expose
ohm c contact |ayer 207 and reflection |ayer 208. In addition, it is

pr ef ep abk@ndfardn@ elRct-6® P fHiEnRANE e @Bl @it SsehBcondIBoe ¢Batdig e BN
between the plated nmetal plate 210 and reflection |ayer 208 (a netal

semiconductor layer 205). The n-type semiconductor layer 203, light-emitting layer 204,

p-type semiconductor layer 205 and transparent electrode 206 are formed almost the same
size as each other as shown in FIG. 6, not only in the latitude direction but also in the
altitude direction.
15 Secondly, the ohmic contact layer 207 and reflection layer 208 are stacked on the
transparent electrode 206 in this order. The ohmic contact layer 207 and reflection layer
208 are stacked partially on the transparent electrode 206 to form a grid pattern from a top
view, and the device units are intersected by the grid paitern in latitude and altitude
directions as shown in FIG. 7.  As the method of forming the pattern of the ohmic contact
20 layer 207 and reflection layer 208, a well-known photolithographic method described
below by using a resist material or lift-off method can be used.
The plated metal plate 210 is formed by plating. In this Embodiment, the plated
metal plate 210 is formed by plating after coating an insulation film on the part which is
not plated other than the part of the ohmic contact layer 207 and reflection layer 208, or

25  plating after patterning a thick film resist material by a well-known photolithography



filmlayer) before plating. However, the plating adhesion |ayer 209 can be
omtted. 5 [00481 Next, as shown in FIG 8, a light-perneable material |ayer
214 is formed on the transparent el ecfrode 206 in the region where the
ohm c contact |ayer 207, reflection Ia@%r 208, plating adhesion |ayer 209
and plated netal plate 210 are not fornmed. As an exanple shown in FIG 8,
the light-perneable nmaterial |ayer 214 is fornmed wthout a gap on the 10

ﬁzéi‘{‘igi{ TR hplyE O BB AR Rut "ﬁ&#@%ﬁ ok 0%@5%@0%%S’h%ﬁ%“°%1*%?££??%%€9?ya§?af2;’
1 i ) i T, . .Vieyw, . )
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is also renoved. Next the positive electrode 111 and negative el ectrode 113
shown i nimpEVE aghesion betivgemiles phateflomeiahplagodl G pad reflegtione dpver 08 éh aetdlodes.
And the nitride sem conductor light-emtting device | shown in FIG 5 can be
obt ai ned film lalyer) bhforg pldtimgp| Moadver tir! plaimtagdhes2diOlayer 209ctauibe @mined. al ong
dicing lines DL1 and DL2 as shown in FIG 7. [00491 A nitride sem conductor
lightsem ttipasgievi ce of the present is obtained as shown in 20 FIGS5. The
stacked | ayers of the ohmc contact |ayer 107, reflection |ayer 108, plating

adhesion |l a 109 d ta t e L conguct or

| ayer 105 ﬁ‘%’%ﬂ%’h S&ﬁ’g‘l ?lj% gil 'p%’pgrll]tghtéﬁéer%{erg%%]elg ?[tglgal faaﬁ%rp%%%lﬁse@%%g? tol%aﬁﬂléy in a
cross pattern on the p- e . sem conductor |ayer 105 through_the transparent
ol oot r bddanEEreth clsgands  initheragioinwhose ireohinis chaieel lpvgr 2y yetleqhon a¥ert or ned
on the transparent 25 electrode 106 in the region where the ohm c contact

| ayer 10208ypatingadhesion dayer 20D and platgdinmjalplate aﬁaem'm formedr A$@9 camuplsl at ed
netal plate 110 are not fornmed. [0050] It is preferable that the ratio of

t he ar ea shwh e FOG.N8, ahe tighiapdrmleatyle mdkéial layee 214fis daiiedrwithout a gap on the

10 transparent electrode 206 in the region where the ohmic contact layer 207, reflection layer
208, plating adhesion layer 209 and plated metal plate 210, which are formed in a cross
shape from the top view, are not formed.

Further, the sapphire substrate 201 is exfoliated, and the buffer layer 202 is also
removed. Next the positive electrode 111 and negative electrode 113 shown in FIG. 5 are

15  formed by forming positive and negative electrodes. And the nitride semiconductor
light-emitting device 1 shown in FIG. 5 can be obtained by dividing the plated metal plate
210 to a device unit along dicing lines DL1 and DL2 as shown in FIG. 7.

[0049]
A nitride semiconductor light-emitting device of the present is obtained as shown in

20  FIG. 5. The stacked layers of the ohmic contact layer 107, reflection layer 108, plating
adhesion layer 109 and plated metal plate 110 on the p-type semiconductor layer 105
through the transparent electrode 106, are formed partially in a cross pattern on the p-type
semiconductor layer 105 through the transparent electrode 106

In addition, the light-permeable materiall layer 114 is formed on the transparent

25  electrode 106 in the region where the ohmic contact layer 107, reflection layer 108, plating



| ayer 108, the plating adhesion layer 109 and the plated nmetal plate 110,
which is the area 5 of the bottom 107a of the ohmc contact |ayer 107, to
the area of top surface 105a of the p-fype sem conductor |ayer 105 be in a
range of 10 to 90% As shown in a cros%-sectional viewin FIG5, the width
of the bottom 107a of the ohmc contact |layer 107 in the latitude direction
(left-to-right direction of FIG) is about 30%of the wdth of the top

surface - Of - ] tar. | 5, which is 10 the sane as
t he wi dt %ﬁg%l(}%hlé&{}gggéﬁgﬁg%e %@f;&gﬁécltlﬂgr%%gé%%egént el ectrode 106 forned.
As shown I&ng@ top viewin FIG7 and FIG 8 , the plated netal plate 210,
the ohmc c t layer 207 and the reflection | ayer 208 are stacked on the

transparent electrode 206 (p-type_ sem conductor |ayer 2015:)8 and forma grid
pattern whi chishretezabde that thergti obihe amacfdhhohmicrentachlayer He thareflestione unit .
The I ength or breadth of the grid Iines is about 30% as w de 15 as the width
of the déaec&081rth¢ plafihg adiadsiom lafertlii@ aad dee jpbtet mectgirplate 1&0,teliinh iwotht eeaar ea  of
each device unit of the p-type sem conductor 205, or transparent el ectrode

206 i 5 abgwie BAfm 1 0726CHhE BMhic BentaWYRr 1107, b @h® arca DIt sikdck 1108a of the

sem conductor light-emtting device of the present invention, the cross

part 320??}5’}’%19&1“'%@”%9’“ eﬁh??ﬁ@ﬁf%xgﬂgegpfb{o%cﬁhmc contact | ayer 307,

which fo e griad patter rom op Vi ew which crosses in length 20 and

breadth directions i.n each device unit, f erabl el hows a circl g shape
whi ch has ¢ H&S SR &R ardpgeerianal 3EY 1f B tho Sagi, Pt thehotom b la pEfe or t ne
substrate_ 201 include oxide single crystals such as_ sapphire single crystal
(A1203; Abpliepeentactlgyean87 inthsl lahiede divectirndlefivtorrighiplirsetion phEI@S)0 abeyist al
(AgA124), ZnO single crystal, LiAlQ2 single crystal, LiGaQ2 single crystal,
and 32 99% of thgdditrofahatop anflcal @anofehé papsd sesnibatduatoe layet €03, athisduish as Si
single crystal, SIC single crystal, and GaAs single crystal. These

T ) S, RS e N ot Bl T 2
shown in the top view in FIG. 7 and FIG.8 , the plated metal plate 210, the ohmic contact
layer 207 and the reflection layer 208 are stacked on the transparent electrode 206 (p-type
semiconductor layer 205) and form a grid pattern which crosses in length and breadth
directions in each device unit. The length or breadth of the grid lines is about 30% as wide

15  as the width of the device unit. The ratio of the area of the grid pattern to the area of each
device unit of the p-type semiconductor 205, or transparent electrode 206 is about 50%.

In addition, as shown in FIG. 9, in the nitride semiconductor light-emitting device of
the present invention, the cross part 320 of the plated metal plate 310 and the ohmic
contact layer 307, which form the grid pattern from the top view which crosses in length

20  and breadth directions in each device unit, preferablely shows a circle shape which has the
bulged bulge part 311.

[0051]

Examples of a material for the substrate 201 include oxide single crystals such as
sapphire single crystal (Al,Os; A plane, C plane, M plane, and R plane), spinel single

25  crystal (AgAl;04), ZnO single crystal, LiAlO; single crystal, LiGaO; single crystal, and



used as the substrate 201, it is not necessary to renove the substrate when
producing a 5 light-emtting device conprising positive and negative

el ectrodes on both surfaces thereof. wever, since buffer |ayer 202, which
is insulating, cannot be used, and crysStals of the sem conductor stacked
| ayers grown on the sapphire substrate 201 are degraded, a light-emtting

devi ce having excellent properties cannot be produced. Therefore, it is

necessar Y PsheRD Gl Gnd RBAYERRNNMLERIE neficria? \Beh w@spsﬁgl@d&y&m& hc_or

Si is use 10"t hé su strate 101 1 n the present Invent 0052 The

pet woen %Iﬁée G 04 SHEECHPLE o, doesd, Tl v B8 ol Cﬁ#ﬁgsi e

substrate 101 and. GaN, to |rrprove the crystalljnity of the GaN hecause t he
lattice Wifhewtamy WmitafignoiYhe a sordustiye subsirateauch 4y atfwéstraé% mede AEHStiant of
GaN single crystal differ by 10% AIN and AMGaN are used without limtation
in the puedastthé substtaieo?0latit ildot neCB58Y to Tamowe thei whbstsaeriwhenduedwingavi ng a
hetero junction structure is nmade fromat |east the n-type sem conductor

| ayers 10Bghtidh€ittirigialice Rbinptikigg payitive dilfnegative élb&rditet ¥R BoRGUSRABESGBAELLT OF
| ayer 105. As the nitride sem conductor, many nitride sem conductors

denot ed ﬁéwﬂ?& g er! 19 dF4loa: wﬁichhgm%@iaa y%ﬁé&ﬁeﬁseﬁ' and EryStals of the X*Y

<l) are nown e present’ 1 nvention, Pt e sem con uc ors denoted by
t he gener al

i hout aewcw?%%ﬁ%%eﬁ( Ut G e S BT

sem condyctors are not |limted. The present invention, can use al I net hods
whi ch ar BEirisiHinEofe e R Yiae xecljsnt mromrfﬂqsl SARNOL B egEet dPYreiienitds a
metal organi c chem cal vapor deposition nmethod (MOCVD), hydride vapor phase
epi t axy GRSy toanmomtt@csapﬁdrdmhstm@%hmnnmhdmwuﬁﬁ)e.Sic or Si is used for

10 the substrate 101 in the present invention.

[0052]

The buffer layer 202 is formed from AIN or AlGaN, which has a lattice constant
between the lattice constants of sapphire single crystal constituting the substrate 101 and
GaN, to improve the crystaﬂinity of the GaN, because the lattice constant of sapphire

15  single crystal and the lattice constant of GaN single crystal differ by 10%. AIN and AlGaN
ate used without limitation in the present invention at all.

[0053]

The nitride semiconductor having a hetero-junction structure is made from at least the
n-type semiconductor layer 103, the light-emitting layer 104, and the p-type

20  semiconductor layer 105. As the nitride semiconductor, many nitride semiconductors
denoted by the general formula: AlyInyGa;,\N (0 = x <ls, 0 = y <Is, xt+y <1) are
known. In the present invention, nitride semiconductors denoted by the general formula
AkIn,Gay N (0 = x<1,0 = y <1, x+y <1) can be used without any limitation.

[0054]



5 Anong these, fromthe viewpoint of controllability of the thickness of a
film and mass productivity, MOCVD is preferable. [0055] Wen MOCWD is
used, it is preferable that hydrogen (J42) or nitrogen (N2) be used as a
carrier gas; that trimethylgallium (T or triethylgallium (TEG be used as
a Ga 10 source which is a Goup-I1l source material; that trinethylalum num
(TMA) or triethylalum num (TEA) be used as an Al source; that

i ety g cils oF {h%g%@m) Uifldohfhdod St SRY 188N TR BRUES: and

t hat anmmoni azi ne e used as a N source

group-V source mat er i al e dopant [ exar |La e (SiH4)
or disi| HNENGE saB) usss 4, é?eéﬁ (EliS %‘%e@“ atogl grggg{f ro&ﬁg ﬁ@ﬁ. um
(GeH4) is preferably used as a Ge sour ce, ype dopant for exanpl e,
bi scycl ofEmeenfiustoys Syligired imatg! (@sm)ch@mcabwwrwpe%%ﬁ@ﬁh% MEUVIXagnesi um
((EtCp)2My) is used as a My source. [0056] For a nethod of dividing a

ni tri de bgirideonahuoet ghasorepiasadRVED, sudsthelatidar hedr - dpitexyn m&bod ddMBEQuUes
such as an etching nethod, |aser cutting nethod can be used w thout

i m tat i Aokl tBése; ﬁ%ﬁ&e%év@i&ﬁﬁt &fi ddntreflhbiBt HoMe itBickiSRE of WHRlh, andinkdsk de

seni conductor is divided, it is preferable to renove the substrate well in

or der toﬁﬁﬁﬂéﬁhﬁmvglggﬁfégﬂghl re substrate 101. Wien it is divided by

an et chi S erable to etch the sapphire substrate 101 at a
slow etch r @Ségecause a nitride sem conductor has a rapid etch rate. Wen
it is 25 di by a laser, it is preferable to use the laser at a

wavel ength of 300 nmto 400 rim 34 which is different froman absorption

wavel engt h WheradIQGRB is apgshitrie Pfeffl‘@bis Thathyydrogem{id2) o5 mitsegen|(Mykhe ussd ap s

required to have a | ow contact resistance to the p-type nitride
sem condacianier| gage thal @hmethylgallium (TMG) or triethylgallium (TEG) be used as a Ga

10 source which is a Group-Ill source material, that trimethylaluminum (TMA) or
triethylaluminum (TEA) be used as an Al source; that trimethylindium (TMI) or
triethylindium (TEI) be used as an In source; and that ammonia (NH3) or hydrazine (N2Hy)
be used as a N source which is a group-V source material.

As an n-type dopant, for example, monosilane (SiHa) or disilane (SizHse) is preferably

15  used as a Si source, and germanium (Gely) is preferably used as a Ge source. As a p-type
dopant, for example, biscyclopentadienyl magnesium (Cp2Mg) or
bisethylcyclopentadienyl magnesium ((EtCp);Mg) is used as a Mg source.

[0056]
For a method of dividing a nitride semiconductor on a sapphire substrate, well-known

20  techniques such as an etching method, laser cutting method can be used without limitation
at all. When a laser lift-off method is used, when a nitride semiconductor is divided, it is
preferable to remove the substrate well in order to avoid damaging the sapphire substrate
101. When it is divided by an etching method, it is preferable to etch the sapphire substrate
101 at a slow etch rate because a nitride semiconductor has a rapid etch rate. When it is

25  divided by a laser, it is preferable to use the laser at a wavelength of 300 nm to 400 nm,



5 Wth respect to the contact resistance to the p-type nitride sem conduct or
| ayer 105, an elenent of the platinumgroup such as Pt, Ru, Gs, Rh, Ir, and
Pd, or Ag is preferable as the materi for the ohm c contact |ayer 107.
Anong these, Pt, Ir, Rh, and Ru are no preferable, and Pt is nost
preferable. Wien Ag is used for the ohm c contact |ayer 107, excellent
reflectivity is obtained. 10 However, there is a problemin that the

contact f ?@ yever, Ag can be used

in devi ce‘@ﬁF nfs%hl cﬁl(Bt ﬁ‘ﬁg a]H% q{wr esi @gﬁfg%&llg&hoatp gng red However, when

t he transpa@%? Iectrode 106 is fornmed on the p-type sem conductor Iayer
b

105, it is le to use Ti, V, C, Co, N| Zr, Nb, Mb, Hf, Ta, Wbesides
the above materials for the ohmc contact er 107, because a contact

resi stance bEiswenicchatagifaysrdfd phﬁeqmedewé@w @ tosacireiganogpe theeni conduct or
| ayer 105 is large, and a contact resistance between transparent el ectrode
106 and qhtybe nitadd seeticd:Ripetor ldyér tcr eases. [0058] To stably obtain a | ow
contact resistance, the thickness of the ohmi c contact |layer 107 is

prefesably OwhhnexRet & B8 lcehtactiRsistaRéLoRhe hak adhiride 5143?11@6:1&&%@‘51 er 108,
particular, when 20 the thickness of the ohimc contact |ayer 7 is 1 run

or greater, é’}néﬁ@' fﬁ%@]&ﬁ#ﬁ%é{g&p tﬁn GERIPS: 91?& ?HnoptdA%bsgﬁ eratb?e as

reflecti on ayer rﬁ crcontac ayer I'nprove

t he reflet|V|t . Ther flect | ayer 10 made of an
Ag all oy, the, majgztal %r tilr:%gym Aﬂn"%ﬁ} ayar y? hAmogEh e? i le RGPt
Ir, Rh, Ru, Gs, and Pd in the visible 25 to ultraviol et vvavel engt hs. That

i s, si nceréferghle, andh is eost prgferable t ti ng | ayer 104 is 35 sufficiently

reflected, a hi gh-powered device can be produced using the reflection |ayer

108 rmade of WheAQ fisl wyd dor e chhlioyonthat 18wk i 107 pexcellbe refibwivitgfis eblained. | ayer
108 is made of an Ag alloy or an Al alloy, and the ohm c contact |ayer 107

i s myge tI@év@e\%P qHB i Q:prdﬂleﬂﬁtm tHa® (RAGRtaRY FdslsEin B bF W elil %5@1& EHa84B4t of Pt.

sufficient refl’ected can be obtained 1n addition t
However, Ag can be used in devices in which a high contact resistance is not required.
However, when the transparent electrode 106 is formed on the p-type semiconductor
layer 105, it is possible to use Ti, V, Cr, Co, Ni, Zr, Nb, Mo, Hf, Ta, W besides the above
materials for the ohmic contact layer 107, because a contact resistance between the
15  ftransparent elecirode 106 and p-type semiconductor layer 105 is large, and a contact
resistance between transparent electrode 106 and ohmic contact layer 107 decreases.
[0058]
To stably obtain a low contact resistance, the thickness of the ohmic contact layer 107
is preferably 0.1 nm or greater, and more preferably 1 nm or greater. In particular, when
20 the thickness of the ohmic contact layer 107 is 1 nm or greater, a uniform contact
resistance can be obtained.
Then, the reflection layer 108 is formed on the ohmic contact layer 107 to improve
the reflectivity of light. The reflection layer 108 is preferably made of an Ag alloy, or an
Al alloy. An Ag alloy has a higher reflectivity than Pt, I, Rh, Ru, Os, and Pd in the visible

25  to uliraviolet wavelengths. That is, since light from the light-emitting layer 104 is



5 obtaining an excellent ohm c contact. Therefore, a hi gh-powered
light-emtting device can be produced. The thickness of the ohm c contact

| ayer 107 is preferably 30 nm or Iess,%%nd nore preferably 10 nm or |ess.
As the nmethod for producing the ohmc ntact |ayer 107 and the reflection

| ayer 108, conventional sputtering nethods and deposition nethods can be
used without any 10 limtation. [0059] It is preferable to use an Ag all oy

for the refl ectii g r 1t i.s. pref bl e tha he fil i ckness of
ot ecti SeiEnt Sad e IR ppRbRY GreBloR e SodRl dif by PhitoB RIS °)
order to tain good refl ectance, Jjt is, nor referable that 15 the

t hi ckneséngﬁspga@ %gﬁfﬁfy arr 3ok danadigion, whe @ea?fi@@%ﬁﬁysrﬁ%tsm of

t hi ckness of an Ag alloy layer be thin because migration occurs easily in
the Ag | apéy aleyroriah Ahelloyy ahdigherohingc contastdayeed 0Bys miade thimendughifer highte
preferable that the thickness of the Ag | ayer be equal to or |ess than 200

nm As t laepasstsuffitienhlyfthergahionph,aduffidient refldctal lign can e robidid ia additlonkioown
sputter nethod 20 or an evaporation nmethod can be used without limtation

in pagti %Hiaﬁ{ci)%g éﬂ‘@xcfe'lléﬂﬂ oMnti8 o Snta ! TRAGFAS Q@E%l?g?vgé}&&m thﬁ%ﬁéﬁﬂ?&%v‘l\’!&%nt he

sputter met I's used because a sputter par hi gh "energy col |l i des
method.  oaigreed SR IHERRETof hemic ol BRI risraRalieRuta 2 Mot
wel | -known materials such as 36 [ITO (an In-Sn-O alloy), 1ZO (an In-Zn-0O
al | oy), Hars peeforabll0@myprlessy can be used without linmtation at all. As the
t hi ckness of the transparent el ectrode 106, nore than 100 nmis preferable
in order tdotheanethal foonraivningdhe olesicsoancelaydrHd7cutl phe refloottnn ldperdidBor at es
when the conventional sputtering methods and deposition methods can be used without any
10  limitation.
{0059]
It is preferable to use an Ag alloy for the reflection layer 108.
It is preferable that the film thickness of reflection layer 108 be more than 0.1 nm to
obtain a good reflectance. In order to obtain good reflectance, it is more preferable that
15  the thickness be more than 1 nm. In addition, it is preferable that the thickness of an Ag
alloy layer be thin because migration occurs easily in the Ag layer even if the Ag layer is
protected by plating. It is more preferable that the thickness of the Ag layer be equal to
or less than 200 nm.
As the method of formation of the reflection layer 108, a well-known spuiter method
20  or an evaporation method can be used without limitation in particular. The film with a
strong adhesion can be obtained when the sputter method is used because a sputter particle
with high energy collides against a substrate surface. Thus, it is preferable to use a sputter
method.
[0060]

25 As a material used for the transparent electrode 106, well-known materials such as



5 transparent electrode 106 is too thick because it can absorb |ight. Thus,
it is nore preferable that the transparent el ectrode 106 be equal to or

|l ess than 1 pro. In addition, it is prgferable that the transparent

el ectrode 106 be formed on the whole 'surface of the p-type sem conductor

| ayer fromthe viewpoint of current diffusion. As the nethod of formation of
the transparent el ectrode 106, a well-known sputter 10 nethod and

evapor at { R (FRIHA-6 aaﬂ'lo?ﬁ S PR alibyl WO 98 ZnDARAT S5y c3h be used

Particularly, an annealing treatnent at ‘tenperature range of 100 Cto 300 C
after formatign of.a film is effective to increase a transm ssion factor
and decr%nigéutgﬁléﬁ?uoﬁleagfgt ance. [0061] It is preferable to forma plating
adhesion | ayer (109 directly under the plated netal 1 | ate 110, that is
bet ween t he %ﬂ@?é@clmsﬁp% Hiedransnarent glgetrods 186 1mess th%@iqoo npds prefeigblgdp ¢ o
inprove the adhesion. As a material of the plating adhesion layer 109, it
depends orlet He obtainerilalv ofntedierepbtanesd nBieabuiputipewel Gletesiothteshevhent Gei al
which is contained as a nain conponent in the plated netal plate 110 can be

nost |y caabphrat ddtodednst@ foapthitkebédatse &dbas absorb Aipht eXaugp!ie is irhores
preferable that the material which is the sane as the main 20 conponent

uhi ch 1 S £e04ek RER HRANBlolnVcdiBEE 100800 gl 1 oy @ plated netal
pl at e 118, (ge cont al ne > qual E':tco or nor ee ar?b(%(%fsby wel ght of the plating
adhesi on | ayer ,..109.. [ 006 en,the pl ated t al ate 110 is nma by
Plating N PIReAEHER It ISR atni ot Aaatbert SsRARt 1@ B fphhd oh i VST
all oy, and nore preferably made of NiP. I n addition, when the 37 plated
metal pl seréace pd thep-hpgsemipopiugtorgyanizon te irvmaip! sareidfugioer 110 is
preferably made of a Cu alloy, and nore preferably made of Cu. In order to
obt ai n excelAwtie mecthed iof fiorntatien tofiitek resspacht tletrpleat(tng welhbsiwn shayeer 109
is preferably 0.1 nmor greater, and nore preferably 1 nmor greater.
Al t hooigh nidfteideanidSevAoration method can be used without limitation in particular. Particularly,
an annealing treatment at temperature range of 100 °C to 300 °C after formation of a film
is effective to increase a transmission factor and decrease sheet resistance.
[0061]
It is preferable to form a plating adhesion layer 109 directly under the plated metal
15  plate 110, that is between the plated metal plate 110 and reflection layer 108, in order to
improve the adhesion. As a material of the plating adhesion layer 109, it depends on the
material of the plated metal plate 110, and the material which is contained as a main
component in the plated metal plate 110 can be mostly contained in order to improve the
adhesion. For example, it is preferable that the material which is the same as the main
20  component which is contained equal to or more than 50% by weight by a plated metal
plate 110, be contained equal to or more than 50% by weight of the plating adhesion layer
109.
[0062]
When the plated metal plate 110 is made by plating NiP, the plating adhesion layer is

25  preferably made of a Ni alloy, and more preferably made of NiP. In addition, when the



5 upper limt to the thickness of the plating adhesion |ayer 109, the upper
limt of the thickness is preferably 2 gmor less fromthe point of view of
productivity. The production nethod fo,7the pl ati ng adhesion |layer 109 is
not limted, and exanples thereof include a conventional sputtering nethod
and deposition nethod. Since sputtered particles having high energy hit the
surface of a base to forma filmin the 10 sputtering nethod, it is possible

to form idid MpRylanor it gt i siiah, GRAREPRERe afhostAUIEIIINGS BREKSS S
preferab ygttdsed tga&gr mlng% pl at’i ng gad]ﬁ’esi@gn I%?ereSmQ.&f‘OOGBingeﬁtﬁ e E)’I at ed
metal plate 1104 s.forned by an electrol pl ati ng nethod or electrolysis
pl ati ng ﬁ&%ﬁﬁ?q}{vﬂ%yﬁﬁéﬁlﬁﬂﬁﬂé‘%@w et&?\é‘l' method is used, it is preferable
to plate a Nip 15 alloy. In_contrast, when_ an el ectrolysis plating thod is
used, it is proadartapbein excsllentadhesion, the Gickaessif thepisting adkasron, ley%nlgs
strength as a plate, the thickness of the plated nmetal plate 110 is

pr ef er abliypreterahly 0. 1gtre at greataromdveere rréfetably bhot erazreateraAlthbuglethg®tising t oo
thick, the plated netal plate 110 easily peels and productivity decreases;

t herefor @.pgérhﬂmithtbCﬂﬁBGtﬁﬁzkﬁé‘ss div ek grl@bigy adRGio 1ayer! E®S th Upfaf bma ¢f ki ng, it
is preferable to degrease and wash the surface of the nitride sem conductor

devi ce_ushiphotl AhateiiBRth RAMnAL U5 BROB0KS! el AbIADyI L s al o

preferable to ¢ e su t he at1 ng adhesi on | ayer

usi ng aci ds .such Nitri id.to nove, a .nat.ur al i.de fi.l mon the
b1 &t Png. adneBioArg i maied Te i ploBHe ST S 140 Soh el 4lp
plating, the plated netal plate 110 is 25 preferably fornmed by el ectrol ess
pl ating &%#mpieatherenfindudesa porsakionad spryterng sigthed Fxd daneridipn seethed; Sincgs
ni ckel sulfate and nickel chloride, and a phosphorous source such as
hypophos phittezed Badinies deviog lkgh wintayl l5t denmsefack aifi @ bascproofiungt a dflmainpthat i ng
bath used in electroless plating include NI MUDEN(r) HDX marketed by Uenura
& Coip LisputtcHng mbtho@f itt Repddsibid g foah ha @il RO/ Qodl adiesionp | idietatdre] &

a

preferably in range from4 to 10, and the
sputtering method is preferably used to form the plating adhesion layer 109.
[0063]
The plated metal plate 110 is formed by an electroless plating method or electrolysis
plating method. When an electroless plating method is used, it is preferable to plate a NiP

15  alloy. In contrast, when an electrolysis plating method is used, it is preferable to plate Cu.
In order to maintain sufficient strength as a plate, the thickness of the plated metal plate
110 is preferably 10 pm or greater. However, if the plated metal plate 110 is too thick, the
plated metal plate 110 easily peels and productivity decreases; therefore, the thickness is
preferably 200 pm or less.

20 Before plating, it is preferable to degrease and wash the surface of the nifride
semiconductor device using widely used neutral detergents. In addition, it is also
preferable to chemically etch the surface of the plating adhesion layer using acids such as
nitric acid to remove a natural oxide film on the plating adhesion layer.

When the plated metal plate 110 is made by NiP plating, the plated metal plate 110 is

25 preferably formed by electroless plating using a plating bath comprising a source of nickel



5 tenperature thereof is preferably in a range from30 to 95C. [0064] When
the plated netal plate 110 is made by plating Cu or a Cu alloy, the plated
netal plate 110 is preferably formed_hy electrolysis plating using a

pl ati ng bath conprising a source of such as copper sulfate. The plating
bath during electrolysis plating is 10 preferably strongly acidic, that is,
the pH thereof is preferably 2 or I ess. The tenperature thereof is

pret er ablut| B, 3 0AREMEROMHO RPUANG, TR PLALSHARLY (8RUL {Saperature

(250). e curren dehsity' Is prefera ifat & rom

and nore fe ab i r om2 to, 4 . addj.ti in order to
make t hel§8 n%@frwlesaofa aegat%gcogaﬂéﬁflﬂ%%%gﬁg‘#éﬁ 4, PI3Heee Both 1554 1 ¢ pe

pl ating bat h Exanpl es of a commercialized product of a |eveli ng_ agent used
i ncl ude elevtroless plating imdinda NEVIUREN @t BB Xbypadisiedrby Wempra &1€e, Lidodds]pH | n

order to inprove adhesion of the plating metal layer 110, it is preferable

t o anneadf tht phtipg dadcHurdigalecporbeplhify isirefetdbivchl 4 gt Eoped a6 Ud,eandshe
preferably in a range from 100 to 20 NOT to inprove adhesion. I'f the

annea) | gieRRE Mo id profaily b RAnkb froaPRYE gsange  adhesi on may be f urt her
i nproved, Dbut ohm c properti es may degraded. [0066] As a nethod of

formngthe[ c contact |ayer 107, reflection layer 108 (a netal film
| ayer), and ed netal plate 110 parti ally on the p- type sem conduct or
| ayer 105 25 (transparent el ectrode 106), several nethods_ ar conS|agered.

39 As a metVisd 18¢ PRisdmeigl Rlpe 160 s madcoht wlating Gy eF a {avalloyethe platedmeirhyer 108

partially, well-known photo |ithographic technique and |ift-off technique
can be uplett. 110[i86dtprably formed huydeledtrofsisplating hsanglaapleﬂngrbathl copdpatsingld 0

partially, the two follow ng -
source of Cu such as copper sulfate. The plating bath during electrolysis plating is
10  preferably strongly acidic, that is, the pH thereof is preferably 2 or less. The temperature
thereof is preferably in a range from 10 to 50°C and more preferably room temperature
(25°C). The current density is preferably in a range from 0.5 to 10 A/dm®, and more
preferably in a range from 2 to 4 A/dm?.
In addition, in order to make the surface smooth, a leveling agent is preferably added
15 to the plating bath. Examples of a commercialized product of a leveling agent used include
ETN-1-A and ETN-1-B, marketed by Uemura & Co., Ltd.
[0065]
In order to improve adhesion of the plating metal layer 110, it is preferable to anneal
the plated metal plate 110. The annealing temperature is preferably in a range from 100 to
20 300°C to improve adhesion.- If the annealing temperature is more than the above range
adhesion may be further improved, but ohmic properties may be degraded.
[0066]
As a method of forming the ohmic contact layer 107, reﬂection layer 108 (a metal

film layer), and plated metal plate 110 partially on the p-type semiconductor layer 105

25  (transparent electrode 106), several methods are considered.



5 methods are mainly considered. (1) An insulating protection filmis formed
on the part other than the ohm c contact |ayer 107 and reflection | ayer

108. As a result, plating is formed o on the patterned ohm c contact

| ayer- 107 and reflection |layer 108 becduse plating cannot be forned on an
insulating film 10 (2) Athick filmresist material for plating is used in
a wel | - known phot ol i t hography technique and lift-off technique. [0068] As

e of |t ne DS f FoRRhe R cdfifor I 197 KERA® Bler 9% pBTRIF e of

t wo |ncons ent 5, characteristics ich is ecre S|ng t he area of
each of t"’ﬁ rpi"ofﬂ‘h apflig {rikniq E%ﬁlil%ﬁfﬁ Wa}m s much as

possi bl e, and the ot her of whi ch is holding the strength of the plated

metal plate 989 las a substrate as much as possible. It is preferable that
the fornmed pattern of the ohmi c contact |ayer 107, reflection |layer 108,

and pl at ed et almpthad eof1fbmaigetha pinted snetal phacavil0 rpaﬁ[dﬂy5theotvﬁi Gllddving a vi ew
of 20 holding strength of the substrate while decreasing the occupied area
of the Prics akafbiaRNbacidered] ayer 105 as much as possible. However, as a
pattern of the ohm c ‘contact |ayer 107, reflection |ayer 108, plated met al

plate 110, Q'tﬁn IRl ti'tng] b &t hfﬁnfﬁ%ﬁﬁéh &P alt'l)ﬂ'férg}taznl%é Eln% §oxﬁ£&t s

preLerabI e t a pa n on ransparen ectro apﬁ of
' e . 25 Y
e dect alendF 354 relfectn Joien A0 ngs oresilh dikts Briorhed By wtiheatbedng "

installation characteristics of netal pads to be descrl bed bel ow [0069] It
i s al so phmiceeamiice layer 167 andirafiediéonalager 109 bagausetpadtingaeaneirke fgrmed pednt o, in

order to nake it easy to set a bonding wire. For exanple, as shown in FIG
9, it isipuktiesdibhe to

10 (2) A thick film resist material for plating is used in a well-known photolithography
technique and lift-off technique.
[0068]
As a pattern of the ohmic contact layer 107, reflection layer 108, pattern shape of the
plated metal plate 110, it is necessary to keep the balance of two inconsistent
15  characteristics, one of which is decreasing the area of each of the layers of the p-type
semiconductor layer 105 as much as possible, and the other of which is holding the
strength of the plated metal plate 110 as a substrate as much as possible.
It is preferable that the formed pattern of the ohmic contact layer 107, reflection layer
108, and plated metal plate 110 are a cross as shown in FIG. 5 to FIG 7 in a view of
20 holding strength of the substrate while decreasing the occupied area of the p-type
semiconductor layer 105 as much as possible.
However, as a pattern of the ohmic contact layer 107, reflection layer 108, plated
metal plate 110, it is not limited to a pattern shown in FIG. 7 or FIG. 8. It is preferable that
a pattern on the transparent electrode 106 be a shape of grid, mesh, crossline, comb, round

25  ring, square ring, Y or L, which can be decided appropriately according to strength of the




5 forma rough circle pattern fromthe top view having the bulge 311 in the
cross part 320 of the plated netal plate 310 at the center of the device
unit in order to set a bonding wre. 0070] As the light-perneable
material, it is preferable to use a light-perneable resin, a silica-based
material, a titania-based material. 10 As a |ight-perneable resin,

wel | -known materials having light-perneable characteristics, such as a

pol ynet h}!dﬂgﬁﬁéégﬁ& ¥As?£11%t19f’f‘§1%9acft&§s'uﬁs ofimBAl ﬁ&a‘%&?i}?ﬁés%n%fﬁéio&es' n,

pol yi m de-based resin, poxXy Tresrn, a silrcone resin, can be used
mnthout Ikgbb&ﬁlon at aII As an appllcatlon met hod of a |ight-perneable
resin, nown nethod, such as a 15 spin-coating method, an injection
nDIdlng met hod, can be used without limtation at all, homever it is

pref er abl e I & alsepmfophle e fum syideamss avhichometah pads asqptiached &0, 1prosdRIde| ity .
[0071] As a silica-based material, a well-known silica-based material having
| i ght - pennikalt easy ahsat adicadlingtwits, Borcixamplen as shdvaainsBIG 9nittifpteferable to

si | oxane-based material, high nethyl 20 siloxane-based nmaterial,

hydr ogengiriyonrongh bitle 'ﬁ&éﬁi'ﬁo’iﬁ {18 91eRABR I RE BuigaI311 P ARRIGs Yartdon &g

silicate based material, a polysilazane-based material, can bé used w thout

limtati ﬁﬁ]}?&tltet?hletal #)@t a%lﬁieét![ﬂge en@cr%?il}eacﬁ%ce%ﬁh lIJI?n Qréiﬁrg toaSef b Bb&ﬁ%gﬁif%. on from

mat eri al rs-pre YPEAL Fcation ¢
t he vi ewpoi 2&,} at transformation to silica glass beconmes 25 easier in that
condi tion. 0704t t er application of a silica-based material, it is preferred

to performa baking process at the tenperature of 100 to 500C fromthe

vi ewpoi nt  ofAshthediight-peimenbley armtaial. s ds preferablsatoenscor lighgpermsablormssineat whi ch
is contained in a silica-based material can be renoved. As an application
met hod ofilida-bhdeld ety oot taniaeiab@l matariwke! | - known net hod, such as a

10 As a light-permeable resin, well-known materials having light-permeable
characteristics, such as a polymethylmethacrylate-based resin, a polycarbonate-based resin,
polyimide-based resin, an epoxy resin, and a silicone resin, can be used without limitation
at all.

As an application method of a light-permeable resin, a well-known method, such as a

15  spin-coating method, an injection molding method, can be used without limitation at all,
however, it is preferable to use a spin-coating method from the viewpoint of productivity.

[0071]
As a silica-based material, a well-known silica-based material having light-permeable
characteristics, such as a silica sol, methyl siloxane-based material, high methyl

20  siloxane-based material, hydrogenation methyl methyl siloxane-based material,
phosphorus-doped silicate based material, a polysilazane-based material, can be used
without limitation at all.

In addition, after application of a silica-based material, it is preferable to treat it in a
bumidification condition from the viewpoint that transformation to silica glass becomes

25  easier in that condition.



5 spin-coating nethod, spray nethod, a dip-coating nethod, can be used
without limtation at all, however, it is preferable to use a spin-coating
met hod fromthe viewpoint of productiyity. [0072] As a titani a-based
material, a well-known material such & titania sol, atitania 10 phosphate
can be used without Iimtation at all. After application of a titani a-based
material, it is preferred to performa baking process at the tenperature of

100 to 500C fyom t.he.vi ewpaoi.nt, of ,har dness. i Qv nt. an hat wat er or

or gani ¢ comAdibARP A S oigkbaed BRTRE L TS R e onl Ak b retore
renmoved. 15 As an applicatiqon nethod of titania-based material, a well-known
met hod, ¥h tespesatuef1004a50AE %remhfba viegynony ofbarisgss mnapyrnegh andh thahet hod,
can be used without limtation at all, however, it is preferable to use a
spi n- coawategoneinid compmenhwhichdspaitrinedin a plicdbased wiateyial fO0R3EmMoOZEd. A r eason
to provide the light-perneable material |layer 114 is because

| i ght - ext r agisiangippBédtiotiredthyd of a silida-bided eni@dl CONGNKnOWN I hehdd, guth 49 919
device can be inproved by formng the |ight-perneable material |ayer 114

. nooe or coe HEgh ; mat e . "
using a | lﬁgaat%ggﬁﬁg%%g@t@éaﬂgg%ﬁgl LddGtidk erﬂ%d, Ednl g@ﬁéeﬁ‘&%tﬂo%gﬁfhslﬁﬂoﬁ e

p-type sem con ent el ectrode 106 Thus, it

pref erabl e formt.he |ight;pernmeable material | r.114.0n .t he .p-t ype

e condtictibr s b s pEaRtsbROle B 2 b SR e e S R BLh e
internediary of the transparent 42 electrode 106. It is preferable that a
refract i BOAHHEY. of the |ight-perneable material |ayer 114 be within the
range of 1.4 to 2.6 fromthe viewpoint that light-extracting efficiency of a
nitride seml@3fuctor |ight-emtting device can be inproved.

As a titania-based material, a well-known material such as titania sol, a titania

10 phosphate can be used without limitation at all. |

After application of a titania-based material, it is preferred to perform a baking
process at the temperature of 100 to 500°C from the viewpoint of hardness improvement
and that water or organic component which is contained in a silica-based material can be
removed.

15 As an application method of titania-based material, a well-known method, such as a
spin-coating method, spray method, a dip-coating method, can be used without limitation
at all, however, it is preferable to use a spin-coating method from the viewpoint of
productivity.

[0073]

20 A reason to provide the light-permeable material layer 114 is because light-extracting
efficiency of a nitride semiconductor light-emitting device can be improved by forming
the light-permeable material layer 114 using a light-permeable material having a high
refractive index on the p-type semiconductor 105 (transparent electrode 106). Thus, it is
preferable to form the light-permeable material layer 114 on the p-type semiconductor

25  layer 105 or on a p-type semiconductor layer through the intermediary of the transparent



5 1n addition, it is preferable that the |ight-perneable material |ayer 114
has a transmttance equal to or nore than 80% w thin a wavel ength range of
350 nmto 550 nm [0074] As shown in EIG 8, the |light-perneable materi al
| ayer 214 is formed without a gap on he transparent electrode 206 in the
regi on where the ohmc contact |ayer 207, reflection 10 |layer 208, plating
adhesi on | ayer 209 and plated netal plate 210 are not fornmed. As a result,

the two &EJ@@F%O@ i nprovenent of light-extracting efficiency by the
| i ght-perneable "material |ayer 214 and inprovenent of substrate strength by

the plated petal plate. 210 can . be achigeyved.compatibly. In additjon, it is
uoual 1y i t 15 dreible Gaha aSRatiR dihe e HighipBrieeble masBa lapel be ' 15%0r
titani a-based material as a |ight-perneable material, however, it becone
possi bl ewithin therrange ohil dktof 26mrpravihe griewpdinic thak sighteertiepctieg chiviencyefre 5 m by
a constitution where the 1light-perneable material is in an adhesi ve bondi ng
st at e W titridelemiduiiticctooligiaemittimgelevid® éan be Rigreedd, on | ayer 208, plating
adhesion | ayer 209 and plated netal plate 210 on the transparent el ectrode

206 20 1t T8 AR5 s FHerdtle thil GKRER Rmébte bl PRGN G er 1

be equal to or nore than min order to inprove light-extracting

it or | o1 hmitS o &SP HRLa0ASp ety SRR R el RN RTRE e s

suitable fi L(ﬂ]gt?i ckness range of the plated netal plate 210, in order to
provide a ¢ f1tution where the | i ght -perneable material is in an adhesive
bondi ng 25 state with the ohm c contact |ayer 207, reflection |ayer 208,

pl ati ng adHeshownliayEs. & 0% light-pegneapleanaigrinidaydr 238 as ormed vothonhaegan emspar ent
el ectrode 206. [0075] After the formation of the plated netal plate 110, a
sapphi r eths ulatpadre e(apdhR0& in BiehsgioatvheZd thel dhnkit Gobact ByeI0TL kefleetion

Exanpl es of a nethod to exfoliate a sapphire

10  layer 208, plating adhesion layer 209 and plated metal plate 210 are not formed. As a
result, the two effects of improvement of light-extracting efficiency by the light-permeable
material layer 214 and improvement of substrate strength by the plated metal plate 210 can

be achieved compatibly.
In addition, it is usually difficult to form a thick film using a silica-based material,
15  or titania-based material as a light-permeable material, however, it become possible to
form a thick film having a thickness equal or more than 5 pm by a constitution where the

light-permeable material is in an adhesive bonding state with the ohmic contact layer 207,
reflection layer 208, plating adhesion layer 209 and plated metal plate 210 on the
transpérent electrode 206.

20 It is necessary that the thickness of the light-permeable material be equal to or more
than 1 um in order to improve light-extracting efficiency. It is necessary that the
thickness éf the light-permeable material be equal to or less than 200 pm, which is the
maximum of the most suitable film thickness range of the plated metal plate 210, in order
to provide a constitution where the light-permeable material is in an adhesive bonding

25  state with the ohmic contact layer 207, reflection layer 208, plating adhesion layer 209 and



5 substrate include any conventional nethods such as a polishing nethod,
etching nethod, a laser-lift-off nmethod. After a sapphire substrate is
exfoliated, the buffer |ayer (buffer I%yer 202 in FIG 6) is renoved by a
pol i shing nmet hod or etching method, or*3t he | i ke, and the n-type

sem conductor |ayer 103 is exposed. A negative electrode, which is
abbreviated for 10 illustration in figures, is forned on the n-type

sem conduct qr_ | ayer . t he neqgative ctrode, conventional negative
el ect r od®§ eﬁé’\l/‘?t%dﬁril}sé?@ﬂ%ﬁ%o%&%??’ﬁ&ﬁ%@%%@r uctures can be used wi thout
any limtation.__As the positive electrode forned, various positive

el ect rodes &Qﬂ?ﬁﬂisi ng Au, Al, N, Cu, and the like are known. In the
present invention, these conventional positive 15 electrodes can be used
Wi t hout any AfterrithetfommatioE>XoXMbE Blated 0764l plntee 1 K, e eapiphim\suhstiater (sdpphirpe
expl ai ned below with reference to Exanples and Conparative Exanples in

detail, &ibstrito00r@SEIG. d) iy ertdlated S ERamples oft£ehettardt dec-ifoliatey sipphizd
exanples. [0077] [Exanple 1] In Exanple 1, a nitride sem conduct or

| i ghts emifid . i A1 i s d o i i ew,
was p5r o%‘%:btéfé&g Eg%ly:die?%?r IQ:%?‘?on aalslgeggﬁ@r%c%%gp (r)légth%}galggﬁlte ﬁ%@ﬁ% gfrg ai%r 102

made of Al N havj 4 thickness of 10 nm a Si-doped n-type GaN cont act
| ayer ha F‘?{"glﬂﬁ'otfnﬁ%é@?fgss of 5 nm an n-type 1n0.1Ga0.9N cl addi ng | ayer

having a thickness of 30 nm a light-emtting |ayer haVi\?Z% a nulti-well
structure iAtaxs sepphiresiubgisieds exfoliged, chnbwlier lpes (buljedayes 20A dn F1Gt filskness

of 30 nmand an 1110 2Go. 8N wel |l layer having a thickness of 2.5 nmwere
st acked removed by a polishing method or etching method, or the like, and the n-type

semiconductor layer 103 is exposed. A negative electrode, which is abbreviated for
10 illustration in figures, is formed on the n-type semiconductor layer 103.  As the negative
electrode, conventional negative electrodes having various compositions and structures
can be used without any limitation.
As the positive electrode formed, various positive electrodes comprising Au, Al, Ni,
Cu, and the like are known. In the present invention, these conventional positive
15  electrodes can be used without any limitation.
EXAMPLE
[0076]
The present invention will be explained below with reference to Examples and
Comparative Examples in detail, but the present invention is not limited to the following
20  examples.
[0077]
[Example 1]
In Example 1, a nitride semiconductor light-emitting device as shown in FIG 1 which
is a cross-sectional view, was produced.

25 Firstly, on a sapphire substrate, on the buffer layer 102 made of AIN having a




5 five times and then the barrier |ayer was stacked; a Mj-doped p-type

Al 0. 07Gao. 93N cl addi ng | ayer having a thickness of 50 nm and a My- doped
p-type GaN contact |layer having a thigkness of 150 nm were stacked
successively. [0078] On the p-type sentconductor |ayer 105, a transparent
el ectrode made of an ITOfilm 10 (Sn02: 10% by wei ght) having a thickness of
300 nun was deposited by an evaporation nethod, and was anneal ed for one

hour at ratyr fq:3 , the
o ¢ contsERRF P48y SR HASBL AR T ey PLIRAP LBy b5 il |12
reflection | ayer 10 de..of ~an Ag | ayer, .havin t hi ckngss of, 30 nm was
formed T5YPR IP%@@-%NS‘B@%&%% laygr é‘gﬂ‘ﬁlge?i gk“e% ﬁ%ot ra: 3 ﬁgl?tffﬁnlgﬁﬁegﬁ'@n | ayer
109, which is a filmmade of NP alloy (Ni: 80 at% P: 20 at% having a

t hi cknes hawing3o mtli-widk strustire dnbyhick pu St-depedgn-tyfiseGaNnbasrieo Hyae haviager 107
(Pt layer), the reflection |ayer 108 (the Ag layer) and the plating

adhesi on thiekedss $030 war erdpat TherGhel well Biyer lesssngsdéiknbys of @0/ sint wera atacked
photolithography and lift-off techniques. 20 Wen a pattern width Wis 30 m

the rati Gl 1R AlCRRThe HBFRISIaPE a5 NtackdDXB0AE3Q%T gﬁéﬁn% )1&1?,%7@%)5,931\0 the

area of a transparent electrode pattern (300x300290, 00

17,100/ 90,000=19 9%. 79]..: : film of ISt iral Si 2
havi ng a c',tlah(flagr}é% %{9%%‘1912%8 %I%H?V\eégs of gg %’p&n@ oré_? ﬁése%t Q—ﬁﬁ%ﬁ%@@ﬂcpﬁ@?ﬁ@%l‘ode 106
in a region, where the | film]ayer conposed 45 of the ohm c contact

| ayer 1072aVingmat %Oﬁ%mm?stap '%cegg‘ﬁ%]é‘i on layer 109 was not forned.
The resist material was patterned by a well-known photo |ithographic

techni que an@078kt-of f technique. The surface of the plating adhesion |ayer
109 was imersed in a nitric acid solution

On the p-type semicop.ductor layer 105, a transparent electrode made of an ITO film

10 (Sn0»:10% by weight) having a thickness of 300 nm was deposited by an evaporation
method, and was annealed for one hour at a temperature of 300°C under an oxygen
atmosphere.

Afier that, the ohmic contact layer 107 made of a Pt layer having a thickness of 1.5
nm and reflection layer 108 made of an Ag layer having a thickness of 30 nm was formed

15  in the this order by sputtering. Then, the plating adhesion layer 109, which is a film made
of NiP alloy (Ni: 80 at%, P: 20 at%) having a thickness of 30 nm was formed by
sputtering. The ohmic contact layer 107 (Pt layer), the reflection layer 108 (the Ag layer)
and the plating adhesion layer 109 were patterned to a cross shape by conventional
photolithography and lift-off techniques.

20 When a pattern width W is 30 um, the ratio of the area of a cross pattern
(30x300+30x270=17,100 pmz) to the area of a transparent electrode pattern
(300x300=90,000 um®) is 17,100/90,000=19 %,

[0079]
Next, a film of a resist material made of SiOy having a thickness of 100 nm was

256  formed on the transparent electrode 106 in a region where the metal film layer composed



5 (5N) at 25C for 30 seconds to renove an oxide filmforned on the surface
of the plating adhesion |ayer 109. Then, the plated netal plate 110 which
is afilmmde of a NiP alloy having a,. thickness of 50 mwas fornmed on the
pl ati ng adhesion |ayer 109 by an el ecttol ess plating nethod using a plating
bath (N UMJUDEN (r) HDX-7Cl marketed by Uermura & Co., Ltd.). 10 The

el ectroless plating was perfornmed under conditions in which the pH was 4.6,

the te t . ' . r..the

pl ated ne @?%&g‘f \ggii%g%\%gl%g eaﬁ%?%fgiewa %ﬂ%ﬁ&%%ﬁ??ﬂei}\g@uﬁﬁl&l ed at
250C for_1 hour_using a cl.ean oven. .[[0080 15 After that, .t.h ubstrate
and the fpedr Thesest mﬁ@ﬂﬁﬁm@awwd&y&ow}%ﬁmn shttadtiboseoltc Fstidine
n-type sem conductor |ayer 103. Then, an ITO film (Sn02: 10% by wei ght)

havi ng asndiftRfdedniue400 run was formed on the n-type sem conductor |ayer
103 by deposition. Then, a negative electrode conprising a O filmhaving a
t hi ckness ofThdGuifime of the platihgnatilasiongagert 100 okavyciasneafedliBt: ninic A0d asldtian An fil m
havi ng a thickness of 1,000 nmwas forned on the center of the surface of

the 15TO B)AdRROR! $dr B0- sedMRIsRGtdBER £ o il HANE Gttt rethe ShitRd MBS phaghgred by
conventional photolithography and lift-off techniques. On the surface of

the p-ty 1 tor, a positive electrode, which is omtted in
Fi gures,&glggr;lgﬁ]ila ?ﬂg@; An filmhaving a thickness of 1,000 nmwas fornmed by

oD east Sl oS TR B SR eamoh IO L S, S
nitride sem conductor light-emtting device was installed in a TO- 18
package, thigkaessid Sumpwias dnche pltingadifesiondayer d0f bgran elgeérolesaplatingl usi ng
a tester. The output power of the light-emtting device in this exanple was
20 MW method using a plating bath NTUMUDEN ® HDX-7G, marketed by Uemura & Co., Ltd.).
10  The electroless plating was performed under conditions in which the pH was 4.6, the
temperature was 90°C, and the treatment time was 3 hours. After the plated metal plate
110 was washed with water and dried, it was annealed at 250°C for 1 hour using a clean
over.
[0080]
15 After that, the substrate and the buffer layer were removed by a polishing method to
| expose the n-type semiconductor layer 103.
Then, an ITO film (SnO;: 10% by weight) having a thickness of 400 nm was formed
on the n-type semiconductor layer 103 by deposition. Then, a negative electrode
comprising a Cr film having a thickness of 40 nm, a Ti film having a thickness of 100 nm,
20 and a Au film having a thickness of 1,000 nm was formed on the center of the surface of
the ITO by deposition. The pattern of the negative electrode was formed by conventional
photolithography and lift-off techniques.
On the surface of the p-type semiconductor, a positive electrode, which is omitted in

Figures, comprising a Au film having a thickness of 1,000 nm was formed by deposition.

25 Then, the nitride semiconductor light-emitting device shown in FIG. 1 having a 350



5 [0081] [Conparative exanple 1] A conventional nitride sem conductor
light-emtting device was prepared in a manner identical to that of Exanple
1, except that a transparent el ectrode4 de fromITO was not fornmed, and an
ohm c contact |ayer, reflection |ayer, %Fated netal plate were 10 forned on
the entire surface of a p-type sem conductor layer. The forned nitride

sem conductor light-emtting device was installed in a TO- 18 package, and

the outp . nput current was nmeasured using a tester.
The out pﬁﬁng‘@%‘fw%f&%t%@e%m%d% tting device in this exanple was 18 nW
[0082] 15 [ eval uati on.resul t]. An qutput,powgr .of 20 .MV was o ined in
Lhe i tri de. <o ToHAE agRds Sqmcomdelr P orubRe Sevies afg idraltdon o hA B esent
invention in which the ohmc contact |ayer, reflection |layer, plated netal
pl at e werpackagenandl Pigravtent|ppwsn fomhed sy phEwubFuleTs WastIeRSUERdrYSEtend RSty

| ayer. In contrast, an output power of 18 nWwas obtained in the

convent i diteloutyut poeer &hs Bohtemmdingt deviceigtiis exnile ngs d@uwiwWe (Conparative
exanple 1) of the present invention in which the ohm c contact |ayer,

reflegtion | gpggi) plated metal plate were forned entirely on the surface of
t he p-type sem conductor |ayer. A 10%difference of the output power was

observed. LEL m conductor |ight-emtting device of the present
s

i nvention's le 1, an area of the reflection |layer 108 is
smal l er than that of .th IP-I pe 47 eniﬁonductqr | ayer 105. Thergefore, the
@ﬁgrl 5

probl em t hat Bufiyent r SRuendyeler, Jight-smitlipg (fRVice, was FEFRSEED AN tthe
light-emtting | ayer 104 when the reflection light fromthe reflection

| ayer 108nanmeeidentiead to fabof RramplgHi exaebt thahy transperent elactredesmads Werd, ITehd
out put power fromthe rear surface of the device inproved.
was not formed, and an ohmic contact layer, reflection layer, plated metal plate were
10  formed on the entire surface of a p-type semiconductor layer.
The formed nitride semiconductor light-emitting device was installed in a TO-18
package, and fhe output power for 20 mA of input current was measured using a tester.
The output power of the light-emitting device in this example was 18 mW
[0082]
i5 [An evaluation result]

An output power of 20 mW was obtained in the nitride semiconductor light-emitting
device (Example 1) of the present invention in which the ohmic contact layer, reflection
layer, plated metal plate were formed partially on the surface of the p-type semiconductor
layer. In contrast, an output power of 18 mW was obtained in the conventional nitride

20  semiconductor light-emitting device (Comparative example 1) of the present invention in
which the ohmic contact layer, reflection layer, plated metal plate were formed entirely oﬁ
the surface of the p-type semiconductor layer. A 10% difference of the output power was
observed.

In the nitride semiconductor light-emitting device of the present invention shown in

25 Example 1, an area of the Treflection layer 108 is smaller than that of the p-type



51t is clear fromthe results that the nitride sem conductor light-emtting
device of the present invention is superior in light-extracting efficiency.
[0083] [Exanple 2] In this Exanple, ngitride sem conductor light-emtting
device as shown in FIG 5 10 which is'a cross-sectional view, was produced.
Firstly, on a sapphire substrate, on a buffer |ayer nmade of ALN having a
thickness of 10 nm a Si-doped n-type GaN contact |ayer having a thickness

Of 5 nm seﬁﬂ%({hdhé’tgf legylep? g %%re%\}e?{h%q}til Qm] @Xtetﬁutﬁuﬁ;’ o ?leér?\;{i]sl%% E@éa%gé)faf% nm

aV|n rei1n

ReprFaﬁ’%h 353%?1&52&9@1%@%% " ahen Be RIFFE LR drom G?hiﬁ

the barrier Iayer was stacked; a My-doped p type Al 0. 07G0. 93N cl addi ng

| ayer hagflagionglayer Hénwesantesed o rﬂﬂﬁ lighfgeraitiug édﬁ"ebo‘b yaspwiednand aulE | ayer
havi ng a thickness of 150 nm were stacked successively. [0084] 20 On the

p-type sgowerdrotuthicaearlsasfece dfihe devitarianspardent el ectrode nade of an I TO film
(Sn®2: 10% by wei ght) having a thickness of 300 nm was deposited by an

evapgy at i onjt igeleRPfomAihe r¥@lts MR aR) AeHideVenBdtRdiasf 1ight-nitiRigRRIVAlewanef 300C
under an oxygen atnosphere. After that, the ohmc contact 1ayer 107 nmade of

a Pt layé%?e!ﬁ?}ﬂv Kﬁ]lrs%@ﬁ??llﬁt'émé%&%ayer)ﬂ%;vfOrrmd by sputtering, and

the refl Ion ayer ing a 48 thickness of 30
nm was forgﬁg y sputtering on the ohm c contact |ayer 107. Then, the
pl ati ng adh & | ayer 109, which is a filmmde of NNP alloy (Ni: 80 at%
P. 20 at? havi ng a thickness of 30 nmwas fornmed by sputtering. The ohmc
contact |[@emplE®? (Pt layer), the reflection Iayer 108 (an Ag | ayer) and
t he plating adhesion |ayer 109 were

In this Example, a nitride semiconductor light-emitting device as shown in FIG. 5

10  which is a cross-sectional view, was produced.

Firstly, on a sapphire substrate, on a buffer layer made of AIN having a thickness of
10 nm, a Si-doped n-type GaN contact layer having a thickness of 5 nm; an n-type
Ing 1GapoN cladding layer having a thickness of 30 nm; a light-emitting layer having a
multi-well structure in which a Si-doped n-type GaN barrier layer having a thickness of 30

15 nm and an Ing2GosN well layer having a thickness of 2.5 nm were stacked five times and
then the barrier layer was stacked; a Mg-doped p-type Alp¢7Ga0.93N cladding layer having
a thickness of 50 nm; and a Mg-doped p-type GaN contact layer having a thickness of 150
nm were stacked successively.

[0084]

20 On the p-type semiconductor layer 105, a transparent electrode made of an ITO film
(Sn0,:10% by weight) having a thickness of 300 nm was deposited by an evaporation
method, and was annealed for one hour at a temperature of 300°C under an oxygen
atmosphere.

After that, the ohmic contact layer 107 made of a Pt layer having a thickness of 1.5

25 nm was formed by sputtering, and the reflection layer 108 made of an Ag layer having a



5 patterned to a cross shape by conventional photolithography and lift-off
techni ques, as shown in FIG 7. Wwen a pattern wwdth Wis 30 m the ratio of
the area of a cross pattern (30x300+3 §(270:17’ 100 n2) to the area of a
transparent el ectrode pattern (300x300=90,000 m is 17,100/90,000=19 % 10
[0085] Next, a filmof a thick resist material (Made in AZ Electronic
Materials Co., AZ UT21-HR) made of Si 2 having a thickness of 10 nm was

formed on,the tr parent ~electrode, 106 in,a regio e t tal, film
| ayer corisRtsr oF PRE Ghin oFngh b SPetipR o vf b sl ier 107 Rergape

pl ating adhesion layer 109 was nat formed. The resist naterial S was
pattern edﬂwgaac{ﬁéwpn E‘ﬁ@ﬁxﬂ%&hﬂﬁ)&gl 1 a3s (9? E\@B Wipﬁ dRl :aéfh af ’?ff P éq f‘%
techni que. The surface of the plating adhesion |ayer 109 was imersed in a
nitric adiadingad thickmass ¢HN) nat wasormhed bgGputarimgddhe ohmanenngacidayskilfé (Pi | m

formed on the surface of the plating adhesion |ayer 109. Then, the plated

met al  pl diger) tBe Wflezbioh Jayer flI08 Nfa e 1Qfkraarld Meaplhtng bdhesiog layer2(0d egkness
of 50 mwas formed on the plating adhesion | ayer 109 by an el ectrol ess

B Go, LR e e R b e T R ey T

whi ch the §H wagl(%l 6, the tenperature was 90C, and the treatnent tine was 3
hour s. Afsth PR Y'at ed netal plate 110 was washed with water and dried, it
was anneal ed_at 250% for 1 hour using a clean 25 oven. 49 [0086] Next, the
| i ght - per neabltennatieties Widthe W 18 SUvdign.f Bendiopgt Mspatsangt £ cragsRattern
| i ght - perneabl e resin (Made by Shi netsu Chem cal Conpany, silicone resin
SCR- 1011, (30x30+-20% 270175108 x 1in®) 1165 Jhewi arérouef aa gtrpnsparenh eelectaorisp gpattatn
el ectrode 106 in a region where a :
(300%300=90,000 pm?) is 17,100/90,000=19 %.
10 [0085]
Next, a film of a thick resist material (Made in AZ Electronic Materials Co., AZ
UT21-HR) made of SiO, having a thickness of 10 nm was formed on the transparent
electrode 106 in a region where the metal film layer composed of the ohmic contact layer
107, reflection layer 108, plating adhesion layer 109 was not formed. The resist material
15  was patterned by a well-known photo lithographic technique and lift-off technique.
The surface of the plating adhesion layer 109 was immersed in a nitric acid solution
(5N) at 25°C for 30 seconds to remove an oxide film formed on the surface of the plating
adhesion layer 109.
Then, the plated metal plate 110 which is a film made of a NiP alloy having a
20  thickness of 50 pm was formed on the plating adhesion layer 109 by an electroless plating
method using a plating bath NTUMUDEN® HDX-7G, marketed by Uemura & Co., Ltd.).
The electroless plating was performed under conditions in which the pH was 4.6, the
temperature was 90°C, and the freatment time was 3 hours. After the plated metal plate

110 was washed with water and dried, it was annealed at 250% for 1 hour using a clean

25 oven.



5 netal filmlayer conposed of the ohmc contact |ayer 107, reflection |ayer
108, plating adhesion |ayer 109 are not formed, and then drying and curing
the resin at 100C for one hour and 150C for five hours. [0087] After that,
the substrate and the buffer |ayer wer 9 enoved by a polishing nethod to 10
expose the n-type sem conductor |ayer 103. Then, an ITO film (SnQ2: 10% by
wei ght) having a thickness of 400 nmwas forned on the n-type sem conductor
| ayer 103 by ﬁﬁ sition. Then, a negative electrode conprising a C film
havi ng a thi[«gJ s of 40 nm a Ti filmhaving a thickness of 100 nm and a
Au filmbhaving a_thjckness of 1,000 nmwas_ forned on the center of the
surface of MNsXbnie| fghtmermeshde imatepal Inper A4 1wes, igymedn by rPphHPg & dABK: r ode
was formed by conventional photolithography and lift-off techniques. On the
surf ace dight-hempablyesisdaieriguShioetsu £ heoséal iCommprngcsilionte, resini 8GR 191bmi t t ed
in Figures, conprising aAu filmhaving a thickness of 1,000 nmwas forned

by deposirbfr@ftive iddeRns 15hewithdut b @ep 58 MhCRRRpatAT clédt@At 1067 & kdGotiRtibces 2
shown in FIG 1 having a 20 350 m square was obtai ned by dicing. The

resul &in Lt Ei ] |t ght ~em i Vj j lL.ed:j.n a TO
16 plok pthl Bh yREELEBRTH AR bhBR. cqffic AP DT LIRAHAF LRI R 2,
using a tester., The outpu ower of.the Light-emtting devige in this
exanpl e \ﬁgge ket 0@%]’10E Qg'm\[g%ﬁﬁﬁp@ gﬁym%andAcqﬂngrth%gesgae?ﬁ @g)ng 3‘& Y©
light-emtting device of the present invention was prepared in a manner

i dent i calboppandh b0 GHoEtvmkAues.2, except that titania sol was used as the

| i ght - perneable material |layer 114 instead of silicone resin. The titania
sol was dried0@8d solidified by treatnment at 150C for 1 hour and 300C

After that, the substrate and the buffer layer were removed by a polishing method to
10 expose the n-type semiconductor layer 103.

Then, an ITO film (SnO2: 10% by weight) having a thickness of 400 nm was
formed on the n-type semiconductor layer 103 by deposition. Then, a negative electrode
comprising a Cr film having a thickness of 40 nm, a Ti film having a thickness of 100 nm,
and a Au film having a thickness of 1,000 nm was formed on the center of the surface of

15  the ITO by deposition. The pattern of the negative electrode was formed by conventional
photolithography and lift-off techniques.

On the surface of the p type semiconductor, a positive electrode, which is omitted in
Figures, comprising a Au film having a thickness of 1,000 nm was formed by deposition.

Then, the nitride semiconductor light-emitting devices 2 shown in FIG. 1 having a

20 350 pm square was obtained by dicing.

The resulting nitride semiconductor light-emitting device was installed in a TO-18
package, and the output power for 20 mA of input current was measured using a tester.
The output power of the light-emitting device in this example was 21 mW.

[0088]

25 [Example 3]



5 for 3 hours after application. The refractive index of the titania sol was
2.2. The formed nitride sem conductor light-emtting device was installed in
a TO 18 package, and the output power &gr 20 mA of input current was
nmeasured using a tester. The output pé r of the light-emtting device in
this exanple was 22 mW[0089] 10 [Conparative exanple 2] A nitride

sem conductor light-emtting device of the present invention was prepared

in a manner i At d . :

| gt - por meabiid i apmisnéitdly Rl et B 8 s LA Bty ik bpgpared

sem conductor light-emtting device sdnstalled in a TO 18 15 package,
o0 & ho ot BURATEEnAIenGR! 50 ik QST EXHIE % dFet Dl REastl B6° HSRhGS dog oct er
The output power of the light-emtting device in this exanple was 20 nW
[0090] [lightopennenbis waterialdlayear]l1 Amnstasd piisilisongeresiof 21 MmN was obtained in the

nitride sem conductor light-emtting 20 device (Exanple 2) of the present

i nvention i nThbiticdhid el vedsndrizdemdtsatidliflcdbgrircatraéniat 16T for dylesur apd 306 net al
plate were forned partially on the surface of the p-type sem conductor

| ayer 5 anghr 8 hguls 9t aﬁgfcgﬁ@ﬁ?' ETHERbRAURL indRY R thPGiEniakoBlvad £ENE resin was

formed in a region re the above-nentioned | ayer was not forned. In

addi tion, anyQutput.pewar of .22 MmN was, obtalned i.n the nitnlde sem duct or
2511 ght - em e e BREEE sPmisnate" BanEohthll el P S Bibliddn BTN Seq o
a light-perpeable 51 material |ayer instead of silicone r%eqii n. In contrast,
an out putPasédEss 28¢ thOOWINREVS R 2 dret o TRIFE CHFTERY Was BISATIESh RS §riester.

light-emtting device of Conparative exanple 2 in which a |ight-perneable
mat eri al Theyeutputwmsven of the dighteeinitting device in this example was 22 mW

[0089]
10  [Comparative example 2]

A nitride semiconductor light-emitting device of the present invention was prepared
in a manner identical to that of Example 2, except that that the light-permeable material
layer was not formed.

The formed nitride semiconductor light-emitting device was installed in a TO-18
15 package, and the output power for 20 mA of input current was measured using a tester.
The output power of the light-emitting device in this example was 20 mW
[0090]
[An evaluation result]
An output power of 21 mW was obtained in the nitride semiconductor light-emitting
20  device (Example 2) of the present invention in which the ohmic contact layer, reflection
layer, plated metal plate were formed partially on the surface of the p-type semiconductor
layer, and the light-permeable material layer made of silicone resin was formed in a region
where the above-mentioned layer was not formed.
In addition, an output power of 22 mW was obtained in the nitride semiconductor

25  light-emitting device of Example 3 in which titania sol resin was used as a light-permeable



5 [0091] It is confirned that the output power of the nitride sem conductor
light-emtting device of Exanple 2 in which a silicone resin having a
refractive index of 1.5 was used as a5material of a |ight-perneable
material |ayer, is inproved by 5%in célrrparison with that of the nitride
sem conductor light-emtting device of Conparative Exanple 2 in which no 10
| i ght - perneable material |layer was fornmed. It is also confirned that the

out put p&‘éﬁﬁaﬂayéﬁﬁst@i&(?ijsﬂ?co?x@?%?ﬁ?ndUCt or light-emtting device of Exanple

3 in whicha ani'a sol resin having a refractive index of 2.2 was used as
a material qQf a |ight-perneable erigl layer, is inpr.oved by 10% ] n
conpari son \iﬁltcﬂmrals (i W@Fmowrt‘&?épen%\gﬂ@o&gﬂ@?%?n F}}egq‘?‘&‘grﬁef%:?ﬁlu %’% ce of
Conparative Exanple 2. 15 It is clear that light-extracting efficiency is

i mpr ovedlighttemitting deyivesd S@nutarative expapleacin which adight-pirmgable gpateripd aseabl e
material |ayer because a refractive index is 1 when no |ight-perneable

mat er i al waayearforrsed.or mred. This is because the total internal reflection
beconmes harder to occur by increasing a critical angle when a nmateri al

having a hi ghggiefractive within a range from1l.4 to 2.6 is used as a
| i ght - perneabl e"material. And, the 20 reason the upper limt is 2.6 is

because that, it i CRSS t e -erj a i r i i ndex
nor e t han ”I]’%és 8#1‘&'@{%& @\Etl glr%i (ﬂ.([:{éut Orvg r%c |velﬁﬁlr‘dr?déee}(l)ﬁ%’)éA?]E&(‘)).lr lg%%ﬁﬁlﬁlﬁg S nore
than the limt,_ it hecones.diffjcult to extract.light fro | i ght - per meabl e
b or | o1 AOVifS OLEXATRlE 308 SO LSl e BRATE b EETARFS TTHE Qb S BREAREgS

n

light-emtting device of the present invention is superior i )

| i ght - exe nsgariahgf afightpermegble 2mtanl laypisTRIared PP VaGaRPIIPRYSso] Wb Mat The
nitride sem conductor light-emtting device provided by the present

i nvent i oof theadtride gemicondwiarlpbi-emitsihg deviad df Sombadatity Exanplei2sinusléitiihoas a
material of a light-emtting

10 light-permeable material layer was formed.

It is also confirmed that the output power of the nitride semiconductor light-emitting
device of Example 3 in which a titania sol resin having a refractive index of 2.2 was used
as a material of a light-permeable material layer, is improved by 10% in comparison with
that of the nitride semiconductor light-emitting device of Comparative Example 2.

15 It is clear that light-extracting efficiency is improved with the increase of the
refractive index of a light-permeable material layer because a refractive index is 1 when
no light-permeable material layer is formed. This is because the total internal reflection
becomes harder to occur by increasing a critical angle when a material having a high
refractive within a range from 1.4 to 2.6 is used as a light-permeable material. And, the

20  reason the upper limit is 2.6 is because that it is not necessary to use a material with a
refractive index more than that of GaN, which has a refractive index of 2.6. When it is
more than the limit, it becomes difficult to extract light from a light-permeable material.

It is clear from the results that the nitride semiconductor light-emitting device of the
present invention is superior in light-extracting efficiency.

25



5 diode and a lanmp. 53 CLAIMS 1. A nitride sem conductor light-emtting
devi ce, conprising: an n-type sem conductor layer, a light-emtting |ayer,
5 a p-type sem conductor |ayer, a net filmlayer, and a plated netal

pl ate, which are stacked on a substrat®é, wherein the netal filmlayer and
the plated netal plate are forned partially on the 10 p-type sem conductor
|l ayer. 2. A nitride semconductor light-emtting device according to claim
1, conprising: an n-type SQGHERHPYS ight-emtting | ayer, a
p-type sem conduct or Iayer,ﬁmfg%a ne%gf[’ﬁf{“?ﬁ%%gre*, and a pl ated netal

pl ate, whi CE@@ stacked on a substrate, wherein the netal filmlayer and
the pl ated plate are forned in a cross shape fromthe top view on the
p-type sem conductor layer. 20 3. A nitride sem conductor |ight-emtting
devi ce accorldieryitids ssmisonductopbighieemitipg devies grovidedaby hecpresintineeniighal il m
| ayer and the plated netal plate fornmed on the p-type sem conductor |ayer
to an ar bas sfperot oparsaiedistice anfl stabditp- andpis weful @eradmatenial b ailightremittinge of 10
to 90% 4. A nitride sem conductor light-emtting device according to claim
1, wher etibdehed a lamp.



25 n-type sem conductor layer, light-emtting |ayer and the p-type

sem conductor |layer 54 are pre-divided to an individual device unit on the
substrate beforehand. 5. A nitride sen%.conduct or light-emtting device
according to claiml1, further conpris 3ng a transparent el ectrode on the
p-type sem conductor layer. 6. A nitride sem conductor light-emtting device
according to claiml1, further 5 conprising an ohmc contact layer. 7. A
nitride sem conductor light-emttin IQfI‘IU.I§e according to claim6, wherein
the ohmc contact |ayer is conposed o0f a sinple substance netal and/or an
alloy of Pt, Ru,. Os, Rh, It, Pd, Ag. .8.. A nitride sem conductor
Iight-em‘ltt%%\?P%%@%?ﬂi%‘e{%mggQPWF%,COWHEF‘@% the 10 ohnic contact

| ayer has a thickness in a range of 0.1 mm to 30 nm 9. A nitride

sem conduct ornnitype sesmicendugtpr davet.ce according to claim 1, wherein the plated
netal plate has a thickness in a range of 10 mto 200 m 10. A nitride

sem conduct o# liphtednhittéry luydrng devi ce according to claim 1, wherein the plated
netal plate is conposed of a NNP alloy, Cu or an alloy of Cu. 15 11. A
nitrige sem gg Bficdrqgblor BREL ting device according to claim1, further
conprising a plating adhesion layer formed between the netal filmlayer and
the pl ated I . Anitride sem conductor |ight-emtting device
accordi ng tgﬂa%léailrf;ﬁ%%)%\yﬁﬁaéraei n the plating adhesion |ayer conprises a
conponent at 50% b%ﬁwei ght or nore, which is the 20 sane as the nmain

pl ati ng corrp%H]é‘Fﬂd AldaEs cont ai ned at 50% by weight or nore in the plated
nmetal layer. 13. A nitride sem conductor light-emtting device according to
claims 11 or whizh aph#treked ontarrubgitase.i ng adhesi on | ayer is conposed of a NP
alloy or a Cu alloy. 14. A nitride sem conductor light-emtting device
accordi ng t owhtrelomht métlr filve layeond el pl@ied metal plate are formed partially on the

10 p-type semiconductor layer.
2. Anifride semiconductor light-emitting device according to claim 1, comprising:
an n-type semiconductor layer,
a light-emitting layer,
a p-type semiconductor layer,
15 a metal film layer, and
a plated metal plate,
which are stacked on a substrate,
wherein the metal film layer and the plated metal plate are formed in a cross shape
from the top view on the p-type semiconductor layer. |
20 3. A nitride semiconductor light-emitting device according to claim 1, wherein the ratio
of an area of the metal film layer and the plated metal plate formed on the p-type
semiconductor layer to an area of a top surface of the p-type semiconductor is in a
range of 10 to 90%.
4. A nitride semiconductor light-emitting device according to claim 1, wherein the

25 n-type semiconductor layer, light-emitting layer and the p-type semiconductor layer



25 a light-perneable material |layer formed on the p-type sem conductor | ayer
in aregion 55 where the netal filmlayer and the plated netal plate are
not fornmed. 15. A nitride seniconductgr light-emtting device according to
claim14, wherein the netal filmlay # and the plated netal plate are
formed in a cross shape fromthe top view on the p-type sem conduct or

| ayer, and a Iight perneable material layer is forned on the 5 p-type

semi conduct gt | ayelach s g ?%%IW%%ee?ﬁjp(g%ﬂ%tsﬁtsnta'téﬁ@f{n%ﬁﬁfd and the plat ed

metal pl ate B e™n6 em conduc rght-emtting
devi ce a co ding.,to cl, a| erei abl e eria i

f or med “-‘ﬁg‘ilfi/ps&ng"é?ﬁ GHHU](E%FHPQV& dey ‘Ei # 81" 1Pg g ﬁ?’nﬂab#@hﬁ%terl al
| ayer is surrounded at least partially by the nmetal filmlayer 10 and the
pl ated met afonirising a anspaxenti dedtigde o thecpiipa sewicondyterlayart t i ng devi ce
according to claim 14, wherein a |ight-perneable material layer is fornmed

on the pé.type m&ﬁﬂeccsaﬂmmuictdnayght-éxhrmn@rﬂme lao¢crdimgdi@rofaiod 13 furthespar ent
el ectrode, and the light-pernmeable material layer is surrounded at |east

partipl |y bpnifhfid®iadhnlit CoAth@)gferand the plated nmetal plate. 15 18. A
nitride semconductor light-emtti ng device according to claim 14, wherein

the |igp e}gema;abée%nnmao%mg BUffhe dRAS 140 tzig%g}p%rmmtﬁees' n, a

silica-bas et ar a ti eria itri

sem conduct m tting devijc a,cc rding to c erein
Cefractive Ot e ctigyet iy PQsed Fedpimp 'G%Pafrmp @hd/p %%a q?fé’ﬁg@ Lof 1.4
to 2.6. 20 20. A n|tr|de sem conduct or Ilght emtting device according to
claim 14, videddi i, Bd, Afi ckness of the light-pernmeable material layer is in a
range of 10 to 200 m 21. A nitride sem conductor light-emtting device
accordi ng tA mitrRiemschdicomtuetori lipht-mitting t davices surbatiing ue todaind 8y evherein the
light-emtting | ayer and the p-type sem conductor |ayer are pre-divided to

an i i Vi dugmidRUhES: 1HHrha®B tHibGe SRS Ao f1el RARA0Gm.

9. Anitride semiconductor light-emitting device according to claim 1, wherein the plated
metal plate has a thickness in a range of 10 pm to 200 pm.

10. A nitride semiconductor light-emitting device according to claim 1, wherein the plated
metal plate is composed of a NiP alloy, Cu or an alloy of Cu.

15 11. A nitride semiconductor light-emitting device according to claim 1, further comprising
a plating adhesion layer formed between the metal film layer and the plated metal
plate.

12. A nitride semiconductor light-emitting device according to claim 11, wherein the
plating adhesion layer comprises a component at 50% by weight or more, which is the

20 same as the main plating component which is contained at 50% by weight or more in
the plated metal layer.

13. A nitride semiconductor light-emitting device according to claims 11 or 12, wherein
the plating adhesion layer is composed of a NiP alloy or a Cu alloy.
14. A nitride semiconductor light-emitting device according to claim 1, further comprising

25 a light-permeable material layer formed on the p-type semiconductor layer in a region



25 22. A nitride sem conductor light-emtting device according to claim 14,
further 56 conprising an ohmc contact layer. 23. A nitride sem conductor
light-emtting device according to cl agé’n 22, wherein the ohmc contact

| ayer is conposed of a sinple substance netal and/or an alloy of Pt, Ru,

Cs, Rh, It, Pd, Ag. 5 24. A nitride sem conductor light-emtting device
according to claim?22, wherein the ohmc contact |ayer has a thickness in a

range of O. %h%tﬁ@m%%ﬁﬁmlmﬁéég?@ @h@”f%efaﬂ?@gb%%?ﬁ%ﬁé?ﬁ&ﬂm -emtting device

as claimed rnclarm as a thickness in a
range of ' 10, mto 200 m, 26...A nitride,sem condquctor, light-emittin Vi ce

o or di ndS v Mend SHNaohRAeF e e e e S ngs Plaph Jhe e el of o
Ni P alloy, Cu or an alloy of Cu. 27. A nitride sem conductor light-emtting
devi ce accofilin fayer andihgiptatadimetaliplafreare fomnpdrin §icuess shanedrom ghaonadswan| ayer
fornmed between the netal filmlayer and the plated netal plate. 28. A

ni tri de sentheqrtype sanicondittordaydrtdndg dghtipeemesbdomedierigl ¥agerck ddommezion thher ei n
the 15 plating adhesion |ayer conprises a conponent at 50% by wei ght or

nor e, 5 Whi Phﬂjtﬁpet sféﬁﬁco?ﬁﬁaoﬁfaﬁéﬂlﬁ alTBiibn Rt the nfc@TFMaRfer Whi &t flsted alttal ned at
50% by weight"'or nore in the platéd netal plate. 29.” A nitride

sem conduct | ] -em.1t1ing device according to clains 27 or 28, wherein
the plati nggfgt dé‘gpétni% a‘%/&e'r is conposed of a NNP alloy or a Cu alloy. 20 30.

mort o018 LG S eSSy L e

sem conductor layer, a light-emtting |ayer, a p-type sem conductor |ayer,

a nmetal filhght-nesmeabde platariadl layer i forpedioa the pAypw bumiconductortayes and the net al

filmlayer and the plated netal plate are forned partially on the
light-permeable material layer is surrounded at least partially by the metal film layer

10 and the plated metal plate.

17. A nitride semiconductor light-emitting device according to claim 14, wherein a
light-permeable material layer is formed on the p-type semiconductor layer through an
intermediary of a transparent electrode, and the light-permeable material layer is
surrounded at least partially by the metal film layer and the plated metal plate.

15 18. A nitride semiconductor light-emitting device according to claim 14, wherein the
light-permeable material layer is made from a light-permeable resin, a silica-based
material or a titania-based material.

19. A nitride semiconductor light-emifting device according to claim 14, wherein a
refractive index of the light-permeable material layer is in a range of 1.4 to 2.6.

20  20. A nitride semiconductor light-emitting device according to claim 14, wherein a
thickness of the light-permeable material layer is in a range of 10 to 200 pm.

21. A nitride semiconductor light-emitting device according to claim 14, wherein the
n-type semiconductor 'layer, light-emitting layer and the p-type semiconductor layer

are pre-divided to an individual device unit on the substrate beforehand.

25 22, A nitride semiconductor light-emitting device according to claim 14, further



25 p-type sem conductor layer. 57 31. The nethod of producing a nitride
sem conductor light-emtting device according to claim 30, wherein the netal
filmlayer and the plated netal plate gre fornmed in a cross shape fromthe
top view on the p-type sem conductor |ayer. 32. The nethod of producing a
nitride sem conductor light-emtting device according to 5 claim 30,
wherein the n-type sem conductor |ayer is forned on a substrate through the

i nt er nedi ar . f . | d when the process of form ng stacked
| ayers is %Oen? rbsﬁré%&ﬁfgcﬁgﬁét’p%?%em conductor |ayer is exposed by renoving

t he subsirate .an t he buffer. er,. 10, 33. The ,met hod, of produci.ng. a

it de. S U RUSCEBRCMAGHET dishT TG st iEe SEadig fockan b Ariad Bner ei n
the substrate is renoved by using a |aser. 34. The nethod of producing a
nitride senﬁfu@mgauagtrlayargmor@mﬂeg ohg sigenle sebstimeomgtah gnd/er amalloyordtodfucl ai ns
30 to 33, further conprising a heat-treating process in a tenperature range

from 100C tOs,FH) G, Rtlf&g. form ng the plated netal plate. 15 35. The net hod of
producing a nitride sem conductor light-emtting device according to claim

30, fgirther ACGIRIE SnllSonduiof 1Ht-8mittiad ItePRE R3MIMR] Bhairf| 2, avkeiRNthé he
p-type sem conductor layer in a region where the netal filmlayer and the

pl at ed net ai’hlﬁicfcéﬁt[a%l%’ﬁ?%tasgﬂﬁ%%ss §16ar ébgof@i B%Ldto%) 11gllrl_oduci ng a nitride

sem conduct or t1hg device accordi ng ai m 35, wherein the
metal fi | ayer. and.th | ated netal plate are.forned, i.n Cross hape

Fr om t he 25 o s, Smicorduflof ah-Sidihe At of cfiped T Siaim- i SiiRadbor
producing a nitride sem conductor light-enmtting device according to claim
35, wher ei npleted metalypiate bana thickaastine ringeat 104t &y 28BN a substrate through

the internediary of a buffer |ayer, and when the process of form ng stacked
| ayers i86. A nitride semiconductor light-emitting device according to claim 14, wherein the

10 plated metal plate is composed of a NiP alloy, Cu or an alloy of Cu.

27. A nitride semiconductor light-emitting device according to claim 14, further
comj;}rising a plating adhesion layer formed between the metal film layer and the
plated metal plate.

28. A nitride semiconductor light-emitting device according to claim 27, wherein the

15 plating adhesion layer comprises a component at 50% by weight or more, which is the
same as the main plating component which is contained at 50% by weight or more in
the plated metal plate.

29, A nitride semiconductor light-emitting device according to claims 27 or 28, wherein
the plating adhesion layer is composed of a NiP alloy or a Cu alloy.

20 30. A method of producing a nitride semiconductor light-emitting device, comprising:
forming stacked layers by stacking at least an n-type semiconductor layer, a
light-emitting layer, a p-type semiconductor layer, a metal film layer, a plated metal
plate on a substrate,
wherein the metal film layer and the plated metal plate are formed partially on the

25 p-type semiconductor layer.



25 perforned, the n-type sem conductor |ayer is exposed by renoving the
substrate and 58 the buffer layer. 38. The nethod of producing a nitride
sem conductor light-emtting device agﬁprding to claim37, wherein the
substrate is renoved by using a | aser.”'39. The nethod of producing a nitride
sem conductor light-emtting device according to 5 any one of clains 35 to
38, further conprising a heat-treating process in a tenperature range from

100C to 396Gl &hod 8F moﬁgciﬁ-l@% bt SOmiERhaheth l"i‘é}ﬁ-'emitting device according to

claim 30, wherein the metal film layer and the plated metal plate are formed in a cross
shape from the top view on the p-type semiconductor layer.

32. The method of producing a nitride semiconductor light-emitting device according to

5 claim 30,
wherein the n-type semiconductor layer is formed on a substrate through the
intermediary of a buffer layer, and when the process of forming stacked layers is
performed, the n-type semiconductor layer is exposed by removing the substrate and
the buffer layer.
10. 33. The method of producing a nitride semiconductor light-emitting device according to
claim 32, wherein the substrate is removed by using a laser.

34. The method of producing a nitride semiconductor light-emitting device according to
any one of claims 30 to 33, further comprising a heat-treating process in a temperature
range from 100°C to 300°C after forming the plated metal plate.

15 35. The method of producing a nitride semiconductor light-emitting device according to
claim 30, further comprising:
forming a light-permeable material layer on the p-type semiconductor layer in a
region where the metal film layer and the plated metal plate are not formed.

36. The method of producing a nitride semiconductor light-emitting device according to

20 claim 35, wherein the metal film layer and the plated metal plate are formed in a cross
shape from the top view on the p-type semiconductor layer.

37. The method of producing a nitride semiconductor light-emitting device according to
claim 35, wherein the n-type semiconductor layer is formed on a substrate through the
intermediary of a buffer layer, and when the process of forming stacked layers is

25 performed, the n-type semiconductor layer is exposed by removing the substrate and
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the buffer layer,

38. The method of producing a nitride semiconductor light-emitting device according to
claim 37, wherein the substrate is removed by using a laser.

39. The method of producing a nitride semiconductor light-emitting device according to
any one of claims 35 to 38, further comprising a heat-treating process in a temperature

range from 100°C to 300°C after forming the plated metal plate.






