1 DESCRI PTION NI TRI DE SEM CONDUCTOR LI GHT- EM TTI NG

DEVI CE AND PRODUCTI ON METHOD THEREOF 5 TECHNI CAL FI ELD
I1i [0001] The present invention is related to a nitride
sem conductor light-emtting device and a production

nmet hod thereof. 10 Priority is clainmed on Japanese Patent
Application No. 2005-272424, filed Septenber 20, 2005,
and Japanese Patent Appl igaidepiNen 2005- 272574, filed
Sept ember 20, 2005. BACKGROUND ART [0002] 15 In recent
years, galliumnitride (GaN)-based conpound sem conduct or
light-emtting devices has attracted attention as short

light-enjtti Vi.C Thij | Lirj

o RS s N e b e o bR e B el Yo
such as the netal-organic chem cal vapor deposition
met hod (MOCVD net hod) METHEDWBHEREOLT beam epit axi al
net hod ( MBE et hod) on substrates of various oxides or

5 group Il to 20 group V conpounds starting with a
sapphire single crystal. A sapphire single crystal
substrate has a |l atti cagrumgti@al Fempoh differs fromthe
lattice constant of GaN by 10% or nore. However, since a

ni t[bb sem conductor having excellent properties can be

formed by form ng on a sapphire single crystal substrate,

a uf fer |ayer. conpri,si ALN, or Al GaN. a..sapphi.te .
5 gt B R P Aoy oo LERRPM e dgvice and o
when a sapphire sjngle crystal substrate is used, an
prRdugtion meed didekit or 2 layer, a light-enitting |ayer,
and a p-type semi conductor layer are fornmed on the

10 sapptarteis claimed on Japanese Patent pplication 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 (GaN)-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 differs 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.

95  For example, when a sapphire single crystal substrate is used, an n-type semiconductor
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single crystal substrate in this order. Since a sapphire
single crystal substrate is an insulant, 1in general, in
a device conprising a sapphire single crystal substrate,

both a positive electrode formed on the p-type

sem conductor |ayer and a negative electrode forned on an
5 n-type sem conductor |ayer are positioned on one side

of the .devi.ce:. Exanpl.es of a nethod for extractin ight ..
19, S e TG o T ooget RegSh b yaadth I daiphire
on one side includes a face-up nethod in which light is
siagler AFHESUPTIIG IHBISRrisTy 8INCE @ FHpRwHE eI Cryptalesubslralg isan insulant,
transparent el ectrode such as I TO as a positive _
irelgendralpde,a devdeeacompiiping i papprhirt sthglen cipisiat Isubsteghs, toth 2 positive
extracted fromthe sapphire substrate side using a highly

elkOtro & foe@td we tHel p-tops Yethicdadigoday« apdainkgmbread@tiode fi@med on an
[0003] Il As is explained above, sapphire single

nGHYS sahicoHdSkdralager %’ee?wifi’&‘leﬁ 45 8de sHRVWEN @le devibd)CRxamples of a
sapphire 1s an insulant, a sapphire single crystal

t X 0 i . . i

R R R rie AREP P B compfifing bodtive aldn@RY efeBirodes on
15 expased,by etching the light-.emtting |ayer:;:

ofei s grduisoha LEBuBoRciogh i HRER | Hagt | By Bl fiom g p-tvee
by the area of the negative el ectrode, and out put power

sefaispediss sidscusingh Yanspusiteleqiodp sughiasIEOdsecaosive elasliofhand a
negative el ectrode are positioned on the sane side,

flip-eliipmiathdd imurhielnlight iowatrdnted Zomitld sapphictisubstrate gistegising 4 lighly
i ncreased locally, and the device generates heat. 20

reFlbictiod flm siohes Areada geiiucidcnotly. of a sapphire substrate
is low, generated heat is not diffused, and the
tempgsgt ure of the device increases. [0004] In order to
sol've these problens, a nethod is used in which a

CONRHS CURIRUBBIE Lo SBAAGISH & Bufunll el SRaAP TREL * Fibhverer,

sem condu -emtting layer,
S0l BRGSO AU AR BB,
sapphire single crystal substrate is renoved, and then_a
poﬁi)tsf.\pé all, dp ordggeto form the negative electrode, the n-type semiconductor is
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.

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

a p-type semiconductor layer which are stacked on a sapphire single crystal substrate in
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and a negative el ectrode are positioned on both sides of
the resulting stacked | ayers (For exanple, see Patent
docunment 1). In addition, the_conductive substrate is
formed by plating, not by attgching (For 5 exanple, see
Pat ent docunent 2 ). [0005] Exanples of a method for
attaching a conductive substrate include a nethod in

[ [ I i j :
HEEERs B SgBVRRICE A Ul QUBLL B BRI UGN, B
thod in ich a surtace.to.be jained.is activated 10
a0 b Gadr Hiaiing oele SRet Rons T 8iny Bt M cror

surface to be attached be extrenely flat and snoot h.
exaqeplesssp Batept dqoymeat s forei gn matter such as particles

on the surface to be attached, the area is not closely

at tlachiditionDtlee conduetivg sibstiate i fornedilby pletingbaadi by attaching (For
uniformy attached surface. [0006] 15 Wien a substrate

ek@nptadee Pytepl ddcingnt 3. i s advant ageous that there is
little influence from extraneous material; however,

l'i ghppsgxtracting efficiency decreases because the side

of 'a p-type semi conductor is covered by plating. In order

to t .Xo rpl?e\éeotftgl}f?et&cgf&ﬁgééhﬁ%% %&%u@ﬂi‘ﬁé s‘ﬁhlgtgzﬁé’ incth HOEE@In

me orm a avi ng reflectivity on

he ohm c contact layer before plati p essin 0

WL SO BRGRE 1 BRI HoEHR T BT St 5 T

becones a pr.obl em because npst _reflected |ight st .
adhesiysnonanaeriveii Mpion iyethod i Which g spudesto be 3018?(85@9‘@‘[@ by

prevent reflected |ight be generated as nuch as possibl e,
argos plisoanadet GreuumeVhase medliadg requinedhas tlze wiface tibls #ttackeddlee

a supporting substrate is proposed (For exanple, Patent
eRea 60 Elt®IM sndoth. 2hetIOR /1 tere Hfomi@r matidranclaad patidpaoetie

substrate is used for a supporting substrate, for
SELRIRY Be attached, the area is not closely attached. Due to this, it is difficult to
obtain a uniformly aftached surface.

[0006]

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.
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).

[0007]
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when using SOG (a spin-on glass), there is a problemin
that a substrate having sufficient strength cannot be
formed because about 5 gmis Ehe thickness Iimt of a
thick film Patent docunment 1, Japanese Patent (G anted)
Publ i cati on No 3511970. 5 Patent docunent 2, Japanese
Unexanined Pat ent Application First Publication No.

%év%z%en a’%& %m@ﬂﬁ (B us%@@&naeﬁ%gugg’?g%ggﬁ?ﬂe, Rat 8anple,

|cat|on tlonl\lo

W@% BFBRS OFb A ROmEa S50t it Rrobleaht? ibaba i Hhteiaglepufiicent
S s e g o o ol

supporting substrate, but also has an inproved

| | Jratentsloquansnt hglaptifese Patent( CosntedRublieaiion s BELO78n from

t he supporting substrate, and a producti on nethod

t h@aent dodumdd Q) I3padssealneaitedoPateansippiication, ditsi Geblication No.
research that focused on solving these problens, the
0L eme. i nventors found that it is possible to produce a
device which is not only excellent in strength

¢ h%{a?e%{ 85&1%1[1&1? 3 2y z{lpaﬂe r ac‘?{a}ﬂlﬁl&l HARTL n@ﬂﬁgﬁ&# éF&ﬁ't $ALIGFion No.

rove I'ng ef Icie uci ng

f ion fromthe supporting substrate by st acki ng 20
2@1@’ %’@%‘ an n-type sem conductor | ayer, a I |ght| ng

emtting | ayer, -type sen1conductor a neta
filmand a platedﬂgéﬁéf mhereln t he

nmetal filmlayer and the plated netal plate are
par {0C98]y forned on the p-type sem conductor |ayer.
Specifically, the advantage of the invention is
hi ginh light efithehgoblehs mehtidned iaboveanhk bfeeerl iavadiondizalan object to
plate are formed in a grid. 25 That is, the present
proWVRNY deBlicdRhatbe detife WRARKIOhbtoMIy B cellent il @kLlgth 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.

[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 characteristics of a supporting substrate, but also has an improved
light-extracting efficiency by reducing reflection from the supporting substrate by stacking
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-type semiconductor layer. Specifically,
the advantage of the invention is highlighted when the metal film and the plated metal

plate are formed in a grid.

That is, the present invention relates to the following:
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(1) Anitride sem conductor light-emtting device,
conprising: an n-type sem conductor |ayer, a
light-emtting layer, 5 a p-t\épe sem conductor |ayer, a
metal filmlayer, and a plated netal plate, which are
stacked on a substrate, wherein the netal filmlayer and
the plated netal plate are forned partially on the 10
p- sem conductor layer. (2) A nitride sem conductor
Iﬂé&ﬁ)enitting devi ce according to (1), conprising: an
n-type sem conductor layer, a ljght-emtting |ayer, a

@) Aymirideasemienyduetoplghtppufting dexics, GARNISING | m | ayer, and a
pl ated netal plate, which are stacked on a substrate,
whaeameiype sdreicoedwtorflayem | ayer and the plated netal plate
are formed in a cross shape fromthe top view on the
Patlidechgifing o@yct or | ayer. 20 (3) A nitride '

sem conductor light-emtting device according to (1) or

[ .o of an area of the netal film
I( é) é‘?wg E%ﬁid&n&t‘ﬂﬁof 18dr! '

the plated netal plate forned on the p-type

sem conductor | ayer to an area of a top surface of p-type
s@rﬁl%%‘ﬂ%]ﬂ}%iag?r’?@i n arange of 10 to 90% (4) A nitride

sem _conductor light-emtting device according to any one
ofaHleI‘)?dfr%?ta(li’;%t@ 1l 25 wherein the n-type seniconductor
| ayer, light-emtting |layer and the p-type sem conductor
6 whiely aie stackepradiubsiigied to an i ndi vi dual device unit on
t he substrate beforehand.
wherein the metal film layer and the plated metal plate are formed partially on the

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,
a metal film layer, and
a plated metal plate,
which are stacked on a subsirate,
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.
(3) A nitride semiconductor light-emitting device according to (1) or (2), wherein the ratio
of an arca 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),

wherein the n-type semiconductor layer, light-emitting layer and the p-type semiconductor
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(5) Anitride sem conductor light-emtting device
according to any one of (1) to (4), further conprising a
transparent el ectrode on the p-type sem conductor | ayer.
(6) A nitride sem conductor |ifght-enitting device
according to any one of (1) to (5), 5 further conprising
an ohmc contact layer. (7) A nitride sem conductor

| ight-em.tti devi ¢e. . accordi ng..t o .any,Q f o (6),
kPl e EhaCSine T RelE iy il BEeS0Es Bhrdnlf o
substance netal _and/or an.,alloy .of Pt, Ru, Gs, Rh, ,

(PuA miggide sgmigonduciqr died SHES dvicsr 29cPiiE dorthY | g delD g @,
according to any one of (1) to (7), 10 wherein_the ohmc
farttrer gomptisipg & thaaspazent kleckodssen the patypasageicoidugtor faset-o 30

nm (9) Anitride sem conductor light-emtting device

(€ @ofikidg sémicanductrelighft-efrlfting odevBe, accatidngeiton ahheonpl aff €d to (5),
has a thickness in a range of 10 gmto 200 m (10) A

ﬁﬂitﬁé‘ricgﬁpﬁﬁ b 60 BEMEd Qntdck BRtr. emi tting device according to
any one ofﬂ%l) to (9), wherein the plated netal plate is
b

(@?gﬁ&g&& Qém%omaggﬁglrﬁ?ﬁieaﬁtﬁp m%eﬁ%écgﬁﬂiﬂg t4ny Ipe(dlinAo (6),

€ sem con evice accordi ng to

ny.one gf (1) to (10)., further.co I Si aplatin
e S ebrieSt e s sethbie it BRI bt B bl an attoy
the plated netal plate. (12) A nitride sem conduct or
of PR Oi Rbiled'delégi ce according to (11), wherein the

plating adhesion layer conprises a conponent at 50% b)s
(Seirghitrider semicendushir dightsntitimgsdaviccazecotféng & apnianepdlatig (7),
conponent which is contained at 50% by wei ght or nore in

vileecip it cdshicebmhet lhyay das a (hlneds iniatrangberfHelmine enfliomor
light-emtting device according to (11) or (12), wherein

N nihdd &é}ﬂie@ﬁdiféﬁjrqggsﬂt@ﬁﬁﬁin' sdevaEpasediny (@ ahly Rngl 60§ )ab (8),
a Cu alloy. [0011] (14) nmet hod of producing a

e AR A R BRSO i, o v
PO IRHICE AT A ANEt 1Bht-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.
(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
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]

(14) A method of producing a nitride semiconductor light-emitting device, comprising:
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light-emtting |ayer, a p-type sem conductor |ayer, a

nmetal filmlayer, a plated netal plate on a substrate,

wherein the nmetal filmlayer and the plated netal plate

are fornmed partially on the g p-type seni conduct or

| ayer. (15) The nethod of producing a nitride

sem conductor |ight-emtting device according to (14),
| at

PERR shfed W obt BT 7 R SR, B Bl

.p-type.sem conductor | ayer. 6) The thod of producin

gt rRitingelokein? OBt &?@Fgm‘{%m(fﬁ%?ﬁﬁt% mﬁ%‘f &Ervﬁ@@na?celaw irﬂ?jgl plate
to 10 (14) or (15), wherein the n-type sem conduct or

on ayebstiate, f ormed on a substrate through the internediary

of a buffer layer, and when the process of formng

stwicdteidl thaysatd filsn lqyer hod medplatddemetat plaee senfoernad pettiatly on the
| ayer is exposed by renoving the substrate and the

pufdetiemi @¥ahetolayél 7) The method of producing a nitride
semni conductor light-emtting device according to (16),

(1%5‘2 gfhr%}; r{?%t%cﬂ:?gf%ﬁhﬁg% & difide %%Y&Qd@&o#ﬁécﬂgﬁgﬁg%qgf&%ce (et &rding to

pro Ing a nitride sem

[iaght-emttin vigce ac di 0 ny . one of 4) to
AAheE b ol P olfed P PRS B Bimada e bss shape
tgggerature range from 100 Cto 300 C after form ng the

BImeihe EPTEE W onShap &y PR eI GRRERstonleY e r esul t of conduct i ng
diligent research that focused on solving these problens,
(toh &hepnasbehof producing agifride semideadudter lightisoyiing|device according to
produce a device which is not only excellent 1in strength
(lehar gicheri stics of a supporting substrate, but also has

an inproved |light-extracting efficiency by reducing

rehdremt RN e dnbcSidRBRE t laper sYBhhad &rbY Sheglstd1Ghdbgh the
at |l east an n-type sem conductor |layer, a lighting

. eI 1 L I -ty ..cand e t@ .
SRR o reh Rk B SO TR BE i U s o s
penr?ct)ne'}lledf Hem-lry%g esgm?c%%ductor layer is exposed by removing the substrate and the

eIayer, a

buffer layer.
(17) The method of producing a nitride semiconductor Iight-enﬁﬁing 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.

[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

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



the plated netal plate are partially formed on the p-type
sem conductor |ayer and a light-perneable nmaterial |ayer
is formed on the p-type sem conductor layer in a region
where the netal filmlayer an®l the plated netal plate are
not forned. Specifically, the 5 advantage of the
invention is highlighted when the netal filmlayer and

t he pl at net al |l ate are. formed. i cr.0 r
1y fhee Brdiivilattghe pECGiE DB ol o BieRig s BRREG B anc
l'ight-perneable materjal |ayer is forned on .the p-type
the cpimEBEIEL I2tY oAty %oe‘é?%ﬁn Wi PN THERHCior [Tpyer and a
| ayer and the plated netal plate are not fornmed. That is,
lighttpevpeabiel mesqyisd dasien infooredamcbevit-type tsamignndyetar layer in a region
invention relates to the 10 followng: [0013] (1) A

whérerthel enaginfileo dec taad theé ghtedemitat iphate deevinateformedpSpesifivgtly, the
an n-type sem conductor layer, a light-emtting |layer, 15

5 advaRmby BE (REHVEANAUS ll%gﬂgﬁbéﬁrwhen&hm&él filid RvERMRY the Plidecdmetal
pl ated netal plate, ich are stacked on a substrate,

plmearrf Fdhel $n %{0@ l{;d)?le o'ﬂﬁ)'ﬁ?ﬁngrtolgglgwt dt}lethg E)—atgﬁ?séﬁﬁt:&{du@{oﬂeﬁzer, and

are forned partia p-typé sém conduct or

. , i - per. bl i,al layver is.f .

o o0 S RS STRRRLS o s bt R e esion
nmet al fiImIa){er and the plated netal plate are not

whese ieermetebiilmlayey andide platsmpiglelesrars PYHPIBSt ti ng devi ce

according to (1), wherein the netal film |ayer and the
pl Gt ds, rthe akcquidaaspeetria fasordadcd with thegprssenh apeentipn felees to the
top view on the 25 p-type sem conductor |ayer, and a

10 fdllo@ig:per reabl e material layer is formed on the p-type 9
sem conductor layer in a region where the netal film
Iw@ﬁ]and the plated netal plate are

(DHA nitride semiconductor light-emitting device, comprising:
an n-type semiconductor layer,
a light-emitting layer,
15 a p-type semiconductor layer,
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 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

95  p-type semiconductor layer, and a light-permeable material layer is formed on the p-type
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not fornmed. (3) A nitride sem conductor light-emtting
devi ce according to (1) or (2), wherein a

| i ght - perneabl e materi al Iayer is formed on the p-type
sem conductor |ayer, and the 95 | i ght-perneable materi al
| ayer is surrounded at |east partially by the netal film
| ayer and the pIated met al plate (4) Anitride

tor. tt| ccor n

seCorfiele 19 in b ki €Mty i g B RS A 4P el el e e

is formed on the p- type sem conductor |ayer through the
antrfP’é?‘?%dl ary of a transparent el ectrode, and the

f)er meabl e material |layer 10 is surrounded at | east,

(3;) aaktm‘a dey semyiconducinst light-emitting adesiceargordies (50 dd @t fdh.avvherein a

plate. (5) A nitride sem conductor light-emtting device
ligiegeidedile toateiyl laper of forhpdtan () p-typheermiconduveor layer, and the

[ight-perneable material layer is made froma

lightGREmaMEBRARIRI 1881 ¥, sufrousddd faeRPpRHaNPLE thne! fim layer and
i tani a-based material. (6) A nitride sem conductor

g)%m% @taibl g device according to any one of (1) to (5),

ereln a refractive index of the Ilght per neabl e

| aye
Ak e sttt Sisbr PERe Revie g iebiecte ablbrhiotgn & ©
one_ of (1) to (6#3 wherein a th| ckness of the
whetgin 2 Jighfreamrcableamaterial 1aysy iy formed pry ah@@eotenteoqﬁwe@r layer
200 m (8) A nitride sem conductor "3£t entttln devi ce
thaeughrtbié myerimedzany oba dranspateny eleeirqde) and Wedight-nenmre hma,tgeal layer
sem conductor |ayer, light-emtting |layer and the p-type
isserrbaaied ac teast paPibllyadyyehe arceal file-laficy Aok thetpbatedhmietad platadual
device unit on the substrate beforehand. (9) A nitride
sﬁeﬂtrﬁ@m@ %hﬁéoddh%t -11%{11 Ehithse deVics ficas@Rigtionsnyt en@y (PNeo (4),

of (1) to , further conprising an ohm c contact
AR e P o gop S e

i A
11

A nitride sem conductor,  light-emtting devic
ing to an)go

(63@}5 d}g@.ﬁ gsefrgccmquc‘@ﬁ é1gh‘f-e1p§t§mg életilj;g)accord ne of (?) to (5),
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 pum 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
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

of Pt, Ru, Os, Rh, I, Pd Ag,
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wherein the ohm c contact |ayer has a thickness in a
range of 0.1 run to 30 nm (12) An nitride sem conductor
light-emtting device as clained in claimany one of (1)
to (11), the plated has a thi0ckness in a range of 10 m
to 200 m 5 (13) A nitride sem conductor light-emtting
devi ce according to claim 14, wherein the plated netal

plate i.s conposed of.a N P .alloy, Cu or.an alloy of .
(1§22 nigridy somigendiieiar dighreeiibing deliee ACrAHine T ARERO! 110 (10)
according to any one of (1) to (13), further conprising
wherginghe a gichlpyprlyese thigknesg ibe Fanae #f P dauwia 30 nm; | m
| ayer and the plated netal plate. 10 (15) A nitride
(18 Aincdtrifiecemicdnidgétb: Bghttemitingdieviceas atamed imgaino @y pne of (1) to
wherein the plating adhesion |ayer conprises a conponent

(1@?, tROPfaRY Heh BIEkiREs MO Rngd\bf WhumSo RO@uEAME as the main
pl'ati’ng conmponent which is contained at 50% by wei ght or
S

(1@2% njtﬂgé ganwoﬁ{llgﬂ?@%lﬁlemiﬁir@ &’eviéel@cofﬂiﬁé &8 icB8m 14, wherein the

m conduct or tting devi ce according to (14) or

) rein the 5 i d ' i s conposed

Plbipagtnar rogprast o P U HOTE M 1t hod of

producing a hitride sem conductor light-enmtting device
(18bApPitEd gemicPRiiiord B-SEREAE 1Ry ise SeERIIBEADITHG™ Of basp (13)

an n-type sem conductor layer, a light-emtting |ayer, a
fugthty penpEsig o mialingadhesige fayen farpred Ibefwqem thagretal fmplagereand the

netal plate 20 on a substrate, wherein the netal film
plhryeictandatehe plated metal plate are formed partially on

the p-type sem conductor |ayer, and a |ight-perneable

(18R Uehindde SeiiBbndutok WpREEMRAANE Aevibe bydediae 1b(¢9)) dutsrén the plating
layer in a region where the netal filmlayer and the

a%llreoéﬁ ﬁja}%? E&hgz?%e?}a?g&@%n&ﬂ bt g@%{ﬁg‘rjmii 3 ot l‘r@re,mﬁcmﬁttﬁ@gmﬂé as the

ucrng a em conduc ht-em’tting device
oAbl T L At B B 0
plate. |
(16) A nitride semiconductor light-emitting device according to (14) or (15), wherein the
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
on a 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.

(18) The method of producing a nitride semiconductor light-emitting device according to
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fromthe top view on the p-type sem conductor |ayer. (19)
The met hod of producing a nitride sem conduct or
light-emtting device according to (17) or (18) ,
wherein the n-type seniconductlor layer is forned on a
substrate through the 5 internmediary of a buffer |ayer,
and when the process of form ng stacked | ayers is
performed, the n:type semi conducior layer is.exppsed b

(W or09RE hr LY By e S Rt e b P78, T F DR rFRYS shape
met hod of producing a nitride sem conductor

froinghe tapnviewionghelpnescamiesdustAylayy. any one of (17) to
(19), wherein the substrate is renoved by using a | aser.

(190 Th2 hetitbofptododngh nitridd seingnduatont lightensting cdemita et ending to
light-emtting device according to any one of (17) to

(1026} (18) UkiResin qserﬂnfy}as IsBgicRnteabr-layeas ForthepofeemiBstrdle through the
t enperature range rom 100 Cto 300 C after formng the

m’?érﬁlteagrnf%tfaé [ 8aydr OQdPlwheiC @Y i.édaist tQ:F]thffniﬁ.gt hARd layers is

sem cormductor Tirght-emtting devi e present

i nvention, .15 at.| east n-type sen conduct I

PeTQIREn ie hBE R PO B s o $d BB inedhe pirgiate 4hd the
netal filmand a plated netal plate are stacked

buffeqderti al |y wherein the netal film ~. layer and the
plated netal plate are partially formed on the p-type

(2% rihe avtbed of plodyeing aAdtrige rse@mopsiuceﬁordl@ht@énmgcsng ageprding to
only excellent in strength characteristics of a

arsuRosfi(il igo g LMs tvhedel thb wtbsalateas hasovad biyrpsmg\ecdser.
light-extracting efficiency by reducing 20 reflection

(415 IR trh@h S BP Aol Ll 8 HISTde abRieatudier Ddtahiitidg device according to
Specifically, the advantage of the invention Is

M R
iellnE S rOb R RO T i B PEER ALl Semi conduct or
Iaier, alight-emtting |layer, a p-type sem conductor

| ay@15112 a netal filmand a plated netal plate are

stacked sequentially wherein the netal filmlayer ) i
According to the nitride semiconductor light-emitting device of the present inventton,

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
Jayer 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
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,

at least an n-type semiconductor layer, a light-emitting layer, a p-type semiconductor layer,
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and the plated netal plate are partially fornmed on the
p-type sem conductor |ayer and a |ight-perneable
material |ayer is formed on the p-type sem conductor
layer in a region where the ¥etal filmlayer and the

pl ated netal plate are not formed. 5 As a result, an

out put power of the nitride sem conductor light-emtting

devi is, inproved .because.it s hargd for taqtal
a i) i S arleied e o reckied Sea Bl dbE e tp taver
angl e by using a material with a high refractive index of
and Therplatyd gneia Rlatei ghpatsiel b Ol SETHCORBFPT fer and a
the reason the upper Iimt is 2.6 is because it is not
liglgeresneabje totarid layer nmfamied| onnthehp-type semagsmiduetor fayex i region
than that of GaN, which has a refractive index of 10 2.6.
wienhd inetad filmlayet hadthe peatéd micta] plate deasnfemmed.fficult to
extract light froma |Iight-perneable material. According

t 0 Ahe RS SN loutplY SRWeP Bf the ARNAS Seriidbiduictcr 1RBk-cBlMtMg device is
excellent in strength characteristics of a supporting

1@{'??%{ %:tﬁgﬂseqyfs 1l 9f&%ta€ﬁté.erg@.rr9ﬂ€c oh 't ?ﬁcu? éﬁéﬁﬁ&jteﬁ’%n a critical

cy by reducing r ion from the supporti

TR hgia SO0 SRR ROUEL 0 180 05 R e

hi ghli ghted when the netal filmlayer and the plated

materigl. Ippddidon the regsandlie uppes lispibse. & isdiseatise s pANSCEIsaRy tapse 2
on the p-type semi conductor layer, and a |ight-perneable

matetiel with o rafrectivesinfor med: than the of Ga)pe whidmhaomkftactive index of
layer in a region where the netal filmlayer and the

2Bl avpeh netial meleatianathe 1i2@, riotbebonee diffiklk Ho BEKSCR IRH Gbm a
OF DRAWNGS [0017] FIG1 is a view showing a

ligﬂtg%gﬁﬁggoqg{ng{é@ilal_st ructure of the nitride-based conpound
em conductor light-emtting device of the present

i nventi.@ S . 25_Hl [ VY :
SR PSRV a BBl M 0 e in st
met hod for

chgrpieristiss o(fﬁg %lgggtiéifl}%i gﬁ\;%%g %ﬁp % s%t Bas lakglqﬁﬁrg%c{ tlig‘ﬂgextracting
efficiency by reducing reflection from the supporting substrate, and has high output power
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 Jayer, 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.

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.

FIG. 2 is a view of a cross-sectional structure for explaining a production method for
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FIG3 is a top view show ng a state before the division
of a nitride sem conductor |ight-emtting device of the
present invention. FIG4 is a top view showing a state
before the division of a nitrfde sem conductor 5
light-emtting device of the present invention. FIG5 is
a view.show ng a cross-sectional structure of the
nitride-based c ound. sem conductor Jight-emtting
2 e Edop L g anics R erer b F e i s a
view of a cross-sectional structure for, eé%IaLnHPg a.
pr BH& Gt isontopetiRghewing & skle belare the fegam g @gpiride semiconductor
light-emtting device of the present invention. 10 FIG 7
light-emitting devienwofthewresgntanwdndios. bef ore the division of a
nitride sem conductor light-emtting device of the
prBE&NL isi ie@nshoWwing 8 siage befbrpthe idévisish @fiangtralesteatieonductor
before the division of a nitride sem conduct or

lidhk Shtieia Bt Lo er B8 pr&enhvddienpr esent invention. FIG 9 is
a top view showng a state before the division of a

e

FI. GURES: ..[,0018].1.. ... nitride sem conductor

sl RATEAT Hehrgh g deics f e Praat IvH A 8BSt at o
(substrate), 20 102, 202 ... buffer Ia}/er,, 103, ,2Q3 ...
n- Fip & isartiics nf acress-speipaal strugtie forgaplaining a predughpy meffipd for
| ayer, 105, 205 ... p-type sem conductor |ayer, 106, 206

a nitridet seanemdnent lightentittogealeviz6 of G pregnt inventini ¢ cont act
| ayer, 14 108, 208 ... reflection |ayer,

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 nitride semiconductor
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),
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,

107, 207 ... ohmic contact layer,
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109, 209 ... plating adhesion |ayer 110, 210 ... plated
netal plate, 111 ... positive electrode, 5 114, 214 ...
i ght-perneable material BEST MODE FOR CARRYI NG OQUT THE
| N\VENTI ON [ 0019] An enbodi néft of a nitride
sem conduct or conpound light-emtting device of the 10
present i nvention is explained referring to figures.
resent invention is not limted to each of
Hﬁpﬁﬁ% ‘ﬁ& &Hﬁg nts and may be a conbination of the
f ol | owi ng . exanpl es. 0020] First Enbodinent: FIG 1 to
10% 209 Maiipesadhesipn 9eSeni conduct or | | ght-enmitting 15
device of the present enbodinment, and FIG 1 is a
116% 253 -~ sdated ol platew showi ng an exanple of a nitride
sem conductor light-emtting device of the present
11i1nV @bitioneleétiodeyhi ch an n-type sem conductor |ayer, a
light-emtting | ayer and a p-type sem conductor |ayer

1121 814 oriEdlpeARdbR mbBAgE | ayers, an ohnmic layer, a
reflection layer and a plating adhesion |ayer are

fornmed, and on these |layers, a plated netal plate is
formed. FIG 2 20 shows the nethod to produce a nitride

the.enboci Hont Mtk R ARl cR RSN BB o

FI& was forned before the formation of the structure of

t oPHAl bottom pl acenent of el ectrodes shown in FIG 1.

In addition, the two-dotted Iines shown in FIG 1 and FIG

2 dxpembslitbet pha nitdfle semeoodwder evapaunt rlighi-eméting plevicewt the
formed by an ohmic layer, a reflection layer, a plating

présentiivesticis leaylained 2efplriigad figaieal plate and a positive
el ectrode (Positive electrode 111 in 15 FIG 1). FIG3

angy GleGer, ﬂle?i'@eﬁi AvEREon B HOPAmREd BY 8£H G B8llAviRg ibd@iments, and
sem conduct

may be a combination of the following examples.

[0020]

First Embodiment: FIG. 1 to FIG. 4 show a nitride semiconductor light-emitting
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
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

adhesion layer, a plated metal plate and a positive electrode (Positive electrode 111 in
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light-emtting device. The nitride sem conductor
light-emtting device of the present invention can be

obtai ned by dividing to a device unit along dicing |ines

DLI and DL2. 5 [0021] The ni t¥5i de seni conduct or
light-emtting device 1 of the Enbodi nent is obtained by
stacki ng an n-type sem conductor |ayer 103, a

Hgght-enitting | ayer 104, a p-type sem conductor |ayer
Hlg51).a transparent el ectrode 106, an ohnic contact |ayer

107 (a metal filmlayer), a reflection layer 108, a

pl #IGng amthédGordt leaplem 160 methed ef produding| atnitride osqmicondyctor
this order (up-and-down direction in FIG1). In addition,
lig-chliging] B&vicke BeTniaas ueinddondi@bit light-drhitthgy device eoflthet present
reflection layer 108, the plating adhesion |ayer 109,
invBGidY @hed Jvehk vy cﬁ&iﬁi%lt@,aacreeicébﬁﬁ 4R g @ifiP Bnes DL1 and DL2.

transparent electrode 106 in this order. These |l ayers are

fo@ﬁgﬂ partially on the surface of the p-type
se Aductor 105 in a cross shape. In other words, as

sh i.n.the |atitude. di.rectjon of F . . .
(1 9 ik Perieom ek <BF iR ety Tiof b Embadineg iy phigined by
A-A shown in FIG 3, the widths of the ohmc contact
sthekjeg an0 :typh esemiganduetpn dayesy £93,1 aglightieguiing: {aygr alfdest htvpe
|l ayer 109 and the plated netal plate 110 are narrower
sdntiaghdub®t lofkr 10 a transpentaitctmtie d 06, caehmio eonteeiayst AP (@ metal
the former is forned to about 30% of the latter. In _
fiRA Gyel)0B refstish oer 108, 4 Platiag hilicsida 1ajer 609 piatetméthiGplate 110 in
(depth direction to the paper surface in FIG 1) the
' Qnafaosheiinkmcicoe agt | ayer 107, reflection
&%%§g§ﬁ¥§8, aoatiﬁg adhesion Tayer 109 and plated neta
Pl ate 40 ar 38 0y L8 B&1 Efife reflection layer
o1 S b Todnt MG SteRSphlaRl: 1Rk bRy BB e geflceion lay
shown in FIG 3, as.sho in Fl e_wd N
1§ elatieg SRR ReT 09 diq gt el e LIUE ok sfeed on the
| ayer 107, reflection |ayer 108, plating adhesion |ayer
tragPareghelegirated@6rinthis opfest Ehesq trypes\age Fpraredpagially on the Strface of
relationship to the above. 25 The nodel with top and )
tHeqi-typmspinioadendr BF5 il ecbsoshape.s bmthérrmeerdpyastsbpvinry the lagtude
negative el ectrode 113 on the bottom surface of the _
dRedibROLFRCI T aBAUSLpht didsction LOFIGL Drindghsebiielinedi-Asjowt imFIG.
transparent electrode 112 and form ng a positive

3,eéh§ GliARYSf fklohmic contact Jayer 107, the reflection layer 108, the plating adhesion

Lf

Jayer 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
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.

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

descri bed bel ow by using exaw%fes shown in FI& and Fl G3.
Firstly, a buffer layer 202 is fornmed on a sapphire
substrate (a substrate) 201, and an n-type sen conductor

neGE shiiond, 1o LI hitond Sttt 2 Bt %ﬁ??ﬂéimow%vref 103

202, to forma nltrlde semn conduct or yer

%wﬁr@ﬁflw@r ek f igawass clestredy H@dm‘&q&e‘lﬁ@% %gmlwqq@lectrode m
nitride sem conductor layer(that is, the p-type
oséﬁﬁopﬁdﬂ@ﬁ@ﬁfh%@bmdzmﬁygﬂﬂhélm-type senmi conduct or | ayer
203, light-emtting |ayer 204, p-type sem conductor
| aye02305 and transparent el ectrode 206 are al npst
fornmed the same size as each other as shown in FIG 2, not

only gfd%e&ﬂ@ th %&dcﬁﬂég% 18108 Ghin@dndidbr ﬁélﬁ%rdlﬂm%r&vﬁ:]etdﬂtﬁéj Bresent

direction. Secondly, an ohm c contact |ayer 207 and

u{eﬁ%éc °fsadf5k§{5’2¥%1°§*ﬁ?s o;_% A%%ﬁg’i‘?l:g%('ﬁ?géﬁ ff%%iﬁe%?
I 8 I
%%WU“@%%%%%“ %@%%me

t op view, and the device units are intersected by
ngmqjsq@apmmﬁtorr hester @034 axtightorreittingdaygrt O a @-ype é%l“fl}%ﬂdl%%or layer
shown in FIG 3. As the nethod of formng the pattern of

20h erobsticked ont thet buffey day@0202arid foshl eotiiidh deayieondpo@r layer. A
wel | - known phot ol i t hographi c 20 net hod which is descri bed
tre@dpamwnbylettsd P08 i§ Gsinst ofBlierebutingnitlidd sentitdndwetoh txyer(tnt is, the
be used. A plated netal plate 210 is fornmed by plating.

—tﬁ?é Qédﬁlggﬁmg@drnﬁ%r 269ye @h@tne@p@%ﬁiconaﬁdtorpla%le2@3LOhgh?t -emitting

lating aftér coating an insulation filmon the
QR fmost
| t?g%’” Pﬁf L Sehn BB ol f? o%'a?@a%?%@?fes?g%% 266 e
palgaterpattrn a.thic sist.material by .
Sl he RATBIAAIZ Foceih PHBoraiRy™ B8 1Fettiian n&ﬁ?t&t“%? fcation
t echnl gque in order to only expose. the ohm c contact ¥ r
bpiatscaincthe attipaderdirertion. iSeporidhy @p ohmac cquiach et £ohandg rleﬂP%t on layer
preferable to forma plating adhesion |ayer 209 to
20 8rirecstazkead he sheomartsparemicgiedtinde ga e thinendat. Anl ctraic zontagiddyer 207
reflection |ayer 208 (a netal
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
Jatitude 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
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 insulation 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

technique or lift-off technique in order to only expose the ohmic contact layer 207 and a
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filmlayer) before plating. However, the plating adhesion
| ayer 209 can be omtted. Further, the sapphire substrate
201 is exfoliated, and a buffer layer 202 is also 5
renoved. Next, the positive dllectrode 111 and negati ve

el ectrode 113 shown in FIG1 are forned by formng a
positive and a negative electrode. And a nitride

DSORGBk SR Wb Praty 209 o
o S g er e o 1 5 0Dty AR RS AR et

light-emtting device of the present is obtained as shown
filimlayen) Gefpre Mabngt ddewevdr.dheplting adfiesiondexer 2o eache omifisd.

107, a reflection |layer 108, a plating adhesion |ayer

10Bualnet, #hepbatphite nebsttatp 281 ds lekoltatedy andt g ppaffer layer 202 is also

sem conductor layer 105 through a transparent el ectrode

refd0ed. ANQedtOmRBb sk tdldtblle 101 and hegSive M dcable QM kh®wn in FIG. 1
p-type sem conductor |ayer 105 through the transparent

ﬂgkozr%ﬁe@f% oemﬁwﬁ Eﬁ’%laésﬁ;%%efagﬂ h gl ?ggt%wphgaggﬁ:ggﬁeg;gnmm
. .,-108, i ' 109.
tigpgb e apyed T Bo it FIG O R e ViGN e ML B plae

t he ohm c contact layer 107, to the area of op surface
21038 g ds¥ice pait ajpngdicing S&%HE‘E‘? QP%%?@WI&@@@S-i n a range

of 10-90% As shown in a cross-sectional viewin FlG3,

t hB02BHt h of the bottom 107a of the ohmic contact |ayer

107 in the latitude 20 direction (left-to-right direction

of AHliffidt)seindconboctdr BERGendittingedewicdtdf thd ptehent iopbtainefl as shown in

105a of the p-type sem conductor |ayer 105, which is the

FISAIE Thalithcl@d 18k Opr SUHnaA6 Qo aayedfl 07,hereflEAIDBNAFELNDS, a plating
el ectrode 106 forned. As shown in the top viewin FIG 3,

adiéx%gox? lrlé}e? SP? Rha) Pﬁlté?it ﬁl@% gféaté o YAk %étgﬁgtﬁé&ﬁ%cﬁlé&%%r B9 105

ection layer are stac

transparent el ectrode 206 (p-type 1 conductor | ayer )
ief SR PP gt 98 e Al TN B SeuE Bue thghs oure

and breadth djrections in each d(fvi cg lf@é)t The | ength or
sepieoadieton Byeiok05; theough fthe trangearentelecnnt [%os as wi de as the

width of the device unit. The ratio of the area of the

gr i 4 ipprefeeabie thet theaati efitho firce oF thecbimie gontpgttlayst 10 hdhe reflection

p-type seni conductor 205, or ‘
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
direction (left-to-right direction of FIG.1) is about 30% of the width of the top swrface
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

which crosses in length and breadth directions in each device unit. The length or breadth
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transparent el ectrode 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 meffal plate 310 and an ohnic
contact layer 307, which forma grid pattern fromtop
Vi ew and cross in Iength and breadth directions in each

Vi C un it, rcle.sha
%gp dimes sy a&gute%(%) s gzi e}/ as g]o% tl‘f:d& rﬁ?ﬁegﬂhfzﬁlg ol'ﬁﬁe area
material for the substrate 201 i ncl ude oxi de sin
ofcthg rid) BatiR fo dke arsa 9b 1fafly dSYiRg Bl G Bt RIYPRETTS! nsivctor 205, or
pl ane, C plane, M plane, and R plane), spinel single
transpaeal elﬁo&g)ABZOﬁ)lS,aban%ngl e crystal, LiAIQ single
crystal, LiGa02 single crystal, and MO single crystal;
anth additiow,entshewalin B, frathe dimide sealcoadwdiordsehbienditingldevice of
crystal, SiC single crystal and GaAs single crystal.

thd @?@s@nﬂﬁ%@ﬁti(ﬁl 2 &l Iﬁ?c 3imesk 4 ?fatetdhﬁet%}" td etRardPaohM@Héontact
any limtation. Wen conductive substrate such as a

1a§é+b§éi Al ficBaen o tgf?a Saa'ttém Hﬁﬁthogﬁvfe?ﬁmﬁy@ﬁ)% ah %Igggﬂ’anﬂtbreadth

not’ necessary enove t at e when pr ucing a

ht emt dewce [ 05|t|veadn atjwe
ciggeBbs frfech g it GRr PR HhaRARTS ihe S BREL b Bp butee
buf f er Iayer 202 whi ch is insulating, cannot be used,
paghtilerystal s of the semiconductor stacked |ayers grown
on the sapphire substrate 201 are degraded, a 20
l'i gMi24énmitting device having excell ent properties cannot
be produced. Therefore, it is necessary to renove the

sapRhmpRs oflesinagiie]l 2R lthewabstiared0C imthdet oxide SingleoerySalsistich as
used for the substrate 101 in the present invention.

sal ?élsmgigh&yg’t‘df {LLoLax8lard) 2 biinf OKIMBENé,r 4 RIML&Y), AdifEiNingle

ich has a'lattice constant ' 25 between the lattice

AT PR ALy A 0 LS Pl o
M%]E) glggle%?%talbggg léjlsc%nzreql 1011561)1t stulbgt?atg L er1aT ucgl >8P ngfe crystal, SiC
single crystal and GaAs single crystal. These materials can be used for the substrate
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,. which is insulating, cannot be used, and crystals of
the semiconductor stacked layers grown on the sapphire substrate 201 are degraded, a
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

between the lattice constants of sapphire single crystal constituting the substrate 101 and
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single crystal and the lattice constant of GaN single
crystal differ by 10% AIN and Al GaN are used w t hout
limtation in the present invention at all. [0026] 5 The
nitride sem conductor having het ero-junction structure
is made fromat |east the n-type sem conductor |ayer
103, the light-emtting |ayer 104, and the p-type

jconductor | a - 105 jtrid i GO 0 :

GRSy RO LEBIIARCYL IR S, B e TR ARG st
gfarmula; A XInyGal X yN < Xx.<1, O <1, Xty < a
singlprstal pl PRdaTPeauEnt ey iswﬁ,ile ol S B A i S1can
denoted by the general fornmula 10 Al InyGal, _yN (0 : x
are: isedowithapt imitagiey incthp peesantjaveniies ahill-hout any 1initation.
[0027] Production nmethods of these nitride

sef@@énpductors are not limted. The present invention

can use all methods which are known as nethods for

or oWk A& @¥iicddductdr hivide a heRAA-RRBEHE talcRurs iCRadsiramm@laabt the
organi ¢ chem cal vapor deposition nethod (MOCVD), 15

ide: ht HPVE).:+:and | .

! WSiBRAP IR s, L (RVER i B o And o) poype

seFPaRIETEL T MoVt 1 BRaferane i Gz g o led Bffsopderrs
used, it is preferable that h dro%en H2) _or nitrogen

deineyl tyshe gerpraldgmawlaaAblnCrerNy i S €/t 0 5 s waggD predspowD.
(TM5 or triethylgallium (TEG be used as a Ga source

InMihe préne ihéigian] IdirBeukasicoBduetdrel denbtedt by the general formula
trinmethylal um num (TMA) or triethylalum num (TEA) be

ed,as \pp A cey Hhatly Ly IR di B hWiniefion.
A#fnlygﬁ‘ﬁ’ﬁ‘/’ll\?@di“u}ﬁw ?’LIKEF) ybel’%s}édUaésgﬁanxqsn sour ce; Mandl t hat
ammoni a (NH3) or hydrazine (N2H4) be used as a N source
whi®R7ls a group-V source material. 20 As an n-type
dopant, for exanple, nonosilane (SiH4) or disilane :
( SPatdaytiors mutieddsr ebthese sgdda sericondecons cee o dingiggdreliieupresent
(GeH4) is preferably used as a Ge source. As a p-type .
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),
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 (Hz) or nitrogen (N2) be used
as a carrier gas; that trimethylgallium (TMG) or triethylgallium (TEG) be used as a Ga
source which is a Group-IIl 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 (N H3) or hydrazine (N2Ha)

be used as a N source which is a group-V source material.
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dopant, for exanple, biscyclopentadi enyl magnesi um
(Cp2My) or bisethyl cycl opent adi enyl nagnesi um
((EtCp)2My) is used as a My source. 5 [0029] For a nethod
of dividing a nitride seni coRfluctor on a sapphire
substrate, well-known techniques such as etching nethod,
| aser cutting nmethod can be used w t hout Iinttation at

all. Wien a laser lift- ff nmet hod Ltri
2 efh EBRGATES BPLAG ToF G1AUaS TP LRI ST PR AR S SR ey
substrate well in order to avoi d damagi ng the sapphire
ussdips & Shsaird® and zermgméan (Gelle) ig praterablyBipedips eersprge. As a p-type
nmethod, it is preferable to etch the sapphire substrate
dopfidt, at farsl| oexahpll, r atbéscheloparsalienyhi t r indgnesami con@ipmiviy) or
has a rapid etching rate. Wen it is divided by a |aser,
bitetthoyl@ycwp%h@ﬂﬁshyﬁnh@lésm t(Eﬁc@ﬁqg)“ isalsedaveMenotfteof 300 to
nm “which is ferent froman absorption wavel ength
55 and sapphire. [0030] 15 The ohmic contact |ayer
'S reqw red to have a Iow contact resi stance to the
mco ctor er 105. W.t.h respect t
thtg ?gg %ﬁ Eé %3%150% cfﬁ on ﬁll stap]?l'are su stPa%e welLknown
sem conductor l.ayer 105 an el enment of the plati
tegiynigs Sirbrasstchip g npgtoddgiserpqpttelqgrmetgﬁ@ C%Be B§6%A\§1ﬂp<§.tt limitation at
preferable as a material for the ohmc contact |ayer
alll 0 Wheano tager HE<df mpthod|is usedh whand mitrider ssmieanductppis divided, it is
preferable, and Pt is nost preferable. Wien Ag is used
priferablee rehoive tigonibaeite lvajicin dkdet,to excil deanizingetht eaphinetsybstrate
is obtained. However, there is a problemin that the

108 OVRA bt ik ARiSdBBCH a&mﬁ‘g niethodl BReprefiate ideth Mk sBiphire substrate

However, Ag can be used in devices in which a hig

10§ %0% @ﬁ‘_)tw ét@? E?ft%: E'ttca%sé dé m’%ﬁ% {e‘ﬁﬂ a8 r BN ﬁgfd et?fmﬁp 4t @When it is

transpar en orms

dl%ﬁg& &n q%g}, ?trzﬁ pr lal?l ) é&gé l\ager | %tg 0? ﬁé@ gb%@e Wthh is

materials for the ohm cont act Iay 107 because a
1ﬂ°%rﬁtltafé@m@§@b§qratt%wmlﬁ7&h0£ﬁ é?ﬁ%‘HFent el ectrode 106
and p-type sem conductor | ayer 105 is large, and a
coif0agk

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
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

layer 103, it is possible to use Ti, V, Cr, Co, Ni, Zr, Nb, Mo, Hf, Ta, W besides the above
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resi stance between the transparent el ectrode 106 and

ohm c contact |ayer 107 decreases. [0031] 5 To stably
obtain a | ow contact resistance, the thickness of the
ohmic contact layer 107 is pdeferably 0.1 nmor greater,
and nore preferably 1 nmor greater. Wien it is 1 nmor
greater, a uniformcontact resistance can be obtai ned.

Then, the reflect|o 8.is formed . o
s clor) 4§ s Ponget BSEbJDT pREEr B IS BReY pgeen the
The reflectlon | ayer 108 is preferably made of an Ag
tragispagnt electaerde 100 Apd a-vey. semaponéu%tpr éa;yehalQS dS HpigReprid 2 contact
reflectivity than Pt, Ir, Rh, Ru, Os, and Pd in the
resiistangd leettveen the travsparent elmatm[ee]ﬂﬁtamﬁ ohThatontact lagiend @7 deayenses.
fromthe light-emtting layer 104 is sufficiently
re(@@;q? ed, a hi gh-powered device can be produced using
the reflection layer made of an Ag alloy or Al alloy. In

ad‘i‘b tsia@%}» o%ﬁ"é IBQ%OEA%EH 1%51&'&9& HaUBIckAAS of thePRAGC 0bntadt 1ayR8 107

oy o oy, and the ' ohm c contact |ayer 107 i's

i gsra%py 81508 ET G, A bt epgfe HRPS S U LGl kil 111 G or

oug |'ect can alned in
addi t i onf obt ai ni &gﬁ ﬁl le t ohm c contact.
STeR{Eh afugHem SOMPACRYHEF AR ?ﬁ ¥BUNEfi tting device can be
produced. The thickness of the ohm c contact |ayer 107.is
pr &hen, dbe yeflotiplayer Q% is foamed opdhe opmiss eqmiast Jayen 10, te fmprove
| ess. As the nethod for producing the ohm c contact |ayer
thd Gofletidity o€ light The téftectibayayer 108 s pieGradywedtiobaalAg alloy, or an
sputtering nethods and deposition nmethods can be used

AVallBRWn ABYlioY hil 4 Rch&@tellERRaR thanl Bt, IrSRpIRf, @salidePd in ths isibie
an Ag aIon for the reflection Iayer 108. It is

to?ﬁ@a@fo@l %a%iﬁiﬁt]ﬁsh ertfat i) 5iEE iﬂéﬁ? S$rdth hefli@elchPink AMPer 104 is

be nore t nmto 25 obtain a good refléctance.

sogbepifSiats ielar B ARRGed RuER BT oridheb ol e reficyion tover

oS Rt AL PO 8 s
the Ag layer even if the Ag | ayer

Ag alloy or an Al alloy, and the ohmic contact layer 107 is made thin enough for light to
pass sufficiently there through, sufficient reflected light can be obtained in addition to
obtaining an excellent ohmic contact. Therefore, a high-powered light-emitting device can
be producéd. 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,
conventional sputtering methods and deposition methods 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

obtain a good reflectance. In order to obtain good reflectance, it is more preferable that
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protected by plating. It is nore preferable that the
t hi ckness of the Ag | ayer be equal to or |ess than 200
nm 5 As the nethod of formation of a reflection |ayer
108, a wel | -known sputter netod or an evaporation
met hod can be used without limtation in particular. The
filmwith a strong adhesion can be obtai ned when the
sput.t er thod.i s, used becguyse g.sputter. particle . with a
o e P roBoR dd gl othcs i Bierarre Bt okt orin Ag
it is preferable to use a sputter . nmet hod. 10.f[ 0033] )
allgy layepbe dhindiece)ise anigigtion pecurs serlydndin Aglaver evereifthsAg layer is
wel | -known materials such as ITO (an In-Sn-0O alloy), 1Z0O
prétacied by Znat@eal Moy morap@fEmbRrthal thothitkiey) ofte Aelaysebe equal to
without Iimtation at all. As the thickness of the
ortl¢sa spe®nim.el ectrode 106, nore than 100 rimis
preferable in 15 order to obtain a | ow contact

regl $eAREMod SPErRUliOtbr PRMREGGLISE! W32k SR IMERYnldRGtter method or

transparent electrode 106 is too thick because it can
-] I Ltql he . pref I .
580 Byl bl TS b ' B AR oL 19 Sy o

n.addition, .it_i referable that the transparent . .
adhfich faocte R Rt DU RS el DS IGF paicle with 2
_p-type sem conductor |ayer fromthe viewdoint of current
high ehesey sallidep againsthe spestigtedswface ol e itb i pRferable @ ase @t sputter

el ectrode 106, a well-known sputter nethod and
mahapor ati on nmethod can be used without limtation in

particular. Particularly, an annealing treatnent at a

t efppespt ure of range of 100C to 300C after formation of a
filmis effective to increase a transm ssion factor and

degg %arﬁgteﬁ%le@s_ted e it i@ReFareht0934ode 396! trell knBhATELBRAIE st as
formthe plating adhesion [ayer 109 directly under the

o el SEEPLIGE ATt o RO B e
without limitation at all.

As the thickness of the transparent electrode 106, more than 100 nm is preferable in
order to obtain a low contact resistance. 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 pm.

In addition, it is preferable that the transparent electrode 106 be formed on the entire
surface of the p-type semiconductor layer from the viewpoint of current diffuston.

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]

It is preferable to form the plating adhesion layer 109 directly under the plated metal
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i nprove the adhesion. As a material of the plating
adhesion layer 109, it depends on the material of the
plated netal plate 110, and the material which is
contained as a main conponeR® in the plated netal plate
110 can be nostly contained in order to inprove the 5
adhesion. For exanple, it is preferable that the nmateri al

o T R P BB e, e o

. plate tal] plate 110, |s contained equal to aor nore
imppeyg %%‘W%#grﬂ mgieriahet e m?%ﬂg exipe L6y 109, 4 depenggyon the
[0035] 10 Wien the plated netal plate 110 is nmade by
maieréal j A thavipfated mestyl plateny Oaadhé she mategiaéwliieh ipeerftaingdlay a2 main
made of a NI alloy, and nore preferably made of NNP. In
comgdndnit & thevdleted toinstal pihtatiéd caebalmagstipiconthib@d iis orded€o yprove the
plating Cu, the plating adhesion |ayer 110 is preferably

adREi. OfFof cliinplle! RYs prRIEHabIe tEat RREhRfeRA] WhItROR B shMe abfhe main
order to obtain excell ent adhesion, the thickness of the

' SlQn: 9 j [PL=T)
oo P MG £ Bl B i B 507 Vet of i ped metal
th isS no. upper,limt to.th i ckness of .the pl.ati .
e i o fined 258! b fmgisn e 109 bY SFSieRiesY ok FoniE affbsion
preferably 2 mor less fromthe point of view of

layst dflicti vity. The production method for the plating
adhesi on layer 109 is not limted, and exanples thereof
i f603e a conventional sputtering method and deposition
met hod. Since 20 sputtered particles having high energy
hi Wheth ¢hesslatbd et fplae DG E rhadel or pluting NiRtieplhthe adhesion layer is
sputtering nethod, it is possible to forma film having

prete@blyadhes bOR NiTHRYEART Srordpretittibly ShAdR0oMRIN G4l alidition, when the
preférably used to formthe plating adhesion | ayer 1009.
e

e . i .
PP Bf RSl St M LELARALRN Pt poey
tho en an el ectroless plating nmethod is used, it is
m%?@?%?%ﬂ\ngyﬁl A" eﬁ!bg%ﬁ& ‘gfltqhby. In contrast, when an
el ectrolysis plating nethod js used, it_is p,refgﬂabl eto
pllatoeden§0 obtain excellent adhesion, the thickness of the plating adhesion layer 109

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 pm 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
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

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



In order to maintain sufficient strength as a plate, the
t hi ckness of the pl ated netal Ejlate' 110 is preferably 10
gm or greater. However, if the plated netal plate 110 is
too thick, the plated netal plate 110 easily peels and

BNOE e Ednittaks whef bR dR8Solyhib 9l8he hfsthddNS uddl RKOSSEerdtie to plate Cu.
preferably 200 mor less. Before plating, it i1s

B BERE @@hﬁiﬂtﬁndﬁ%(g%fst%g%}i \éﬁg%&lﬁﬂa?ﬂl@ c?ﬁ&s o éﬁ@nglg{:e#iarfletal plate

nitride semcon I'ng W dely use

er gept addition, .it is o preferable t . .
T R e e A R R EetiPt Sty 28 ot 6 A0RRL g togy ek, the
usi ng acids such as nitric acid to renove a_natural ) .
Blatedemetal plagh 11theasgy sepls gnd guedsicEwity dg@easespyibercfone the Selgess is
netal plate is made by NiP plating, the plated netal
ptedtrebly 200 predelessol y f or med by el ectrol ess pl ating using
a plating bath conprising a source of nickel such as
ni ckRiforsupletiig ANY prefkadle ¢bl Rpids: aaddvahphhesatfce Wt the nitride
source such as hypophosphite. Exanples of a suitable

CONEE Rlcfr id%g]ge REiRE Wide1Phis Ifék“ﬁil\}'u (:%E%r ;gﬁ II—IIy SEFidd) it is also

el ectrol ess ating include r DX- 7Q del I ver ed

ra, lnternational [ tion.  The .pH, of t.he .
B Y0 porPieiy Blsh SRS by R BEUR e AR 1Bl piibf geig such
a range from4 to 10, apd_the _tepperature thereof is
pitds ad i Tpmaye g qﬂ%@ﬂ%@%ﬂ th Pitne al lay§fhen t he
plated nmetal plate is made by plating Cu or a Cu all oy, )
the VBhen dep pisted mawlapleici &5 PRes dabik) plasinge dbplated metal plate is
el ectrolysis plating using a plating bath conprising a
prefiraldy fafmddibseledtradsss pbapingrussigl of iating Hetle cpinptising) a lsawrae of nickel
during electrolysis plating is preferably strongly

aedhis @ickehalfateSandtfiekep Ehibied, @af aiphofphefoRl ablhrge sudhras hgpephosphite.
The tenperature thereof is preferably in a range from 10

EQmﬁglgs aPg sipibge Wﬁﬁ%?aﬂké/dbﬁlggﬁ@tto? %gq%g Wath (225 eltBfoless plating

current density Is preferably in a from0.5 to 10

Al , f Ly in a-. range tr 2

AR RN SR o8 B oyl i
| eyel ing agent is preferably. added _25 . to the platin

B \P(‘F‘l.ﬂ%%ﬁbé“@?g de PIRE;1S e@fﬁgfe}aaw Bt j }{g2nd the
agent used include

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
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?.

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



ETN-1- A and ETN-1-B, delivered by Uyenura International
Corporation. [0038] |In order 50' i npr ove adhesi on of the
plating netal layer 110, it is preferable to anneal the
pl ated netal plate 110. The annealing tenperature is

B 186 @laBbk baihNERarhFIRE ST & EQHMRGM1E8d Pﬁﬁ)iggt dfa IEang\égent used include
adhesion. If the annealing tenperature is nore than the

B A IO SR SR e S Bl O

for E@q}% the ohm c contact |ayer 107, reflection |ayer 108
(a ! filmlayer), and plated netal plate 110

partially on the p-type sem conductor |ayer 105

(t r dhopigF EntmppEr pdhsgion ddhe rlainematal faveh bty iis@referable to anneal
consi dered. As a nethod of form ng the ohm c contact

thapéated Gi¢fal pktd Eldl iTha ahegading 1@8pauatnte ialpreferably inel tangenfoom 100 to
photo |ithographic technique and |ift-off technique can

brosedmpr®R4hesifs. ¥ thetdnachial ttapeiafige idhmopd daadkheBbate range
plate 110 partially, the two followi ng nethods are

i Rl ' j j ilmis
or ﬁé% n%ﬁ'?)t%h e p%??lpgotjvﬁg’% hgﬁwt 1?1} éb%}ﬁﬁnﬁgg% gﬁ ?%%?dﬁfday er
107@(}9 reflection |layer 108. As a result, plating is
for Janly on the patterned ohmc contact |ayer 107 and

reflection layer 108 because plating cannot, be fornmed on

an Asfstehef ff forine 9 PhRI¢ RORSR 1R Yei LOe Teftectinn BFR{ 0F Gy metal
lating is used in a well-known photolithography

e bevetuenduplated fetamate d3Amegialy qroBw1y-typRsseamigandueton layer 105
the ohm c contact |ayer 107, reflection |ayer 108,
{rahdparant sleatpadeof06),seadreldnethddd arpkadsidetdd), it is necessary

to keep the bal ance of two inconsistent 26

chapaatifethed be %mﬂﬁ?ﬂﬁfoh‘ﬁﬁh ebnth& 185 10aStcRgctidhElaMre®8Yartially, a
the each | ayers of the p-type
well-known photo lithographic technique and lift-off technique can be used.

[0040]

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
mnsulating 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 lélyer 107, reflection layer 108, pattern shape of

plated metal plate 110, it is necessary to keep the balance of two inconsistent
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sem conductor |ayer 105 as nmuch as possible, and the

ot her of which is holding the strength of the plated

netal plate 110 as a substragge as nmuch as possible. It is

preferable that the forned pattern of the ohm c contact

| ayer 107, reflection layer 5 108, and pl ated netal

plate 110 be a cross as shown in FIG 3 and FIG 4 in a
chydaeteristics, bn¢ dif nghish rienigtiRaghg tie atbsft that eachhiak@s of the p-type

decreasi ng the occupi ed area of the p-type sem conductor

seﬂnﬂ%ﬁﬂuc’t&f’la%ér oS s alﬁudho§§ geésﬂne HOMENR! oth8sS oft AU & Ho1eing the

he ohm c Contact |ayer reflection [ayer 108, and

strQ %g}:he%’]_.{{@ %Lleta'P b@feel li)]ag 3, s'ulg%&ager e?%?%‘ba:p epogﬁ«g]{ 0 Zilopgt tern

p tern.on.the rent electrode 106 be a a of
aft PrgeEaple b‘iﬂ??‘?fﬁg"‘% ReGR.© F%%Wﬁﬂa a%lan%{r@l?ﬂ%ﬁactw layer
whi ch can be deci ded appropriate according to the
108; pshigletelometat HlstooUhiobe aroeosaiid shown ah 51 and FIG 3 in 3 view of
characteristics of netal pads to be described bel ow
ho[dafid 2irendth ofsthel subspoef ehiddldecteasihgrihe coosipied adrema ofihthe hp-type
netal pads are attached to, in order to 15 nake it easy

seth@ofdilictér 1opRd0BEs WiukR as fedsibixanpl e, as shown in FIG 4, it
is preferable to forma rough circle pattern froma top

Vig Q@c\f' ef:’sgl %10 L0 t%(].vl:lm{crbo'hﬁ%t Sr&SSJW?Jﬂecﬁ&pla%r 10%l Qﬂaeﬂated

met al pl’at center o evice unit in ofder

LT T e

20 substrate 201 [ G xf ol | es of .a
%ﬂ@ﬂ%ﬁn&? cta@ﬁﬁrheraes pHt énqsﬁxcfra Gfigmb, round

conventlonal nmet hods such as a polishing nmethod, etching
ringesdvazt tiag, Y asbr whichcan e daeiflebepprawmiasely acenspinsite &he strength of

substrate is exfoliated, the buffer |layer (buffer |ayer
th@Qibsirate EhdEnR)allagon c@mmmﬂtibwofanqﬁall paslhitonioe desthioad wiow.

etching nethod, or the like, and the n-type 25

sefpoggnductor | ayer 103 is exposed. A negative electrode,

which 1s abbreviated for 27 illustration in figures, is

fop @é’is@f]re?&?ol@ 14 YRE & FRLCABIWALA AR hR¥3attabBed H8in order to

negative

make it easy to set a bonding wire. For example, as shown in FIG. 4, it is preferable to
form a rough circlé 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
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

semiconductor layer 103 is exposed. A negative electrode, which is abbreviated for
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el ectrode, conventional negative el ectrodes having
various conpositions and structures can be used w thout
any limtation. As the positdwve el ectrode formed, various
positive electrodes conprising Au, Al, N, 5 Cu, and the
i ke are known. In the present invention, this
conventional positive electrodes can be used w thout any

illusiraddrsini fiyures] BFéded ddetho Adyiadisminttor ﬁﬁ@ﬁ 1B emBakk nepative

of a nitride sem conductor conpound |ight-enmitting
c : (JTeYo T 1
RS SomleRIRLEROD. RNl o 0] LUABESIRL] Mk

Cmabgﬂsggkgglogg%q%ga%?nor light-enitting device of the
hpre, an

present €xa FIG5 is a cross-sectional view

show,ng an e I f a, nitride _sem conductor | )

| i@%@ %ﬁ%lfltf? %9%3%@ f@@ﬂ%ﬁs VAHRUSPRSEEHS CIeHPERR FBRPIISING AHi £h Ni

an n-type semconductor layer, a light-emtting |ayer
Cugaid the ﬁ@ ypreknoavr. dothgusessnt inagrtiona this ¢anvarithnal Bositine eectrodes

these | ayers, an ohmc layer, a reflection | ayer and a
carpbeatsed grithdhiesiydimitatipar are |1 forned, and on these

| ayers, a plated netal plate is fornmed. FIG6 is figure

t go@pgpl ain the nmethod to produce a nitride sem conductor

light-emtting device as an exanple. In the enbodi nent,

t 4 &l {.C | f

@‘gc d En%d@%or t: %H&HQE ?x'h%ah(ﬁ}&%ﬁt A kR fehﬁc&&{n%t%g&‘:a@{oﬁ%&ld

before the mati1on o e structure of top a

. .placenent of el.ectrod shown in . ElG 5. l.n 20.addition,

e BEATR Urs e of MRS ER TS FRUBLRG IR E PR of t he
cross shape fromthe top view forned by a positive
aP&tdr ode on a pl ated netal plate. The two-dotted |ines
shown in FIG 6 show the part of the cross shape fromthe
t opl@iSelw F16x freve gurese piainiog alrayide semiconductartlighiremajing device
pl ati ng adhesion |ayer, and a plated netal plate. Figures

of7the préseat exdnpdelrand Hodiing drhes-swetidrad vafv grovdug iangxample of a
nitride sem conductor 25 light-emtting device. The

nifHider dedicRANt1SO AEkCIndittidgl @Viceedt the bRgedl@ivetion] intWikich an n-type
present 28 invention can be obtained by dividing to a

seHRVARB i dyef b 8- ShtliRg 1dve &R Phlty A dnddiductor 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. 6 is figure to explain the
method to produce a nitride semiconductor light-emitiing ‘device as an example. In the

embodiment, tﬁe 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. 3. In

addition, the two-dotted lines shown in FIG. 5 show the part of the cross shape from the
top view forméd 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 viéw formed by an ohmic
layer, a reﬂéction 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
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[0046] The nitride sem conductor light-emtting device 1

of the Enbodinent is obtained by stacking the n-type

sem conductor layer 103, liglgt-emtting |layer 104, p-type

5 sem conductor |ayer 105, transparent el ectrode 106,

ohm c contact |ayer 107 (a netal filmlayer), reflection

| ayer 108, plating adhesion |ayer 109, plated netal plate
invédibn dantbeiobtadmcdiety dilidihpa d-ddene udit aRaE dRind MR 1 &) DL

addition, in the nitride sem conductor light-emtting

dzmygg 1, the reflection layer 108, plating adhesion

| ayer “109, plated netal plate 110 are stacked on the

t ransparent .10 .electrode. 106 .in this order..These |ayer
o BOHRNE Sompich P ebRORHARE s L D AR FiBbasifgRER oy
em conductor 105 in a cross shape._ |In other words, as
Staé%&m the nErpe apsriigerdugior eleonl (55 Lightemitting) davier t 404 griype
direction of FIG5) in the section line A-A shown in FIG
senvicortduetondayeh $05, dfanspaeent kiectrodsol{ita ohmicaypetact Byer 105 (aendtildilm
| ayer 108, plating adhesion |ayer 109 and plated netal

layer) ateflectibt 1ayee 108, plaiver adhbson tdpat 109 plafd thetalnsipiari@ 0tin this order
el ectrode 106, for exanple, the 15 forner is formed to

(upPRRldowd0#LRtioh ReFI@ks.er. . I n addition, as shown in the
altitude directionin FIG5 (depth direction to the

0 e f. U i h : - ohui _

P haidlh, Bie b Srilloddiolth Bpfiind BAQE oo rHRBNA boyer
09 .and pl ated netal te 0.ar he sanme as that of

108 e tcads b rleree) o, Pl sl Hefe dubioey SRS b tradbparen
section line B-B shown in FIG 7, as shown in FIG5, the

eleqiiadier96iin thif ordest Thase kavers et formederadialiycan a serfaczrpfithe p-type
ohm c contact |ayer 107, reflection |layer 108, plating

senzidérslicion 105 yes coe9stape plnattest words,ab siyvat i the datitedeedirection of
simlar relationship to above. In addition, in this

FIGESted-ioemidht diredticphdi-Ha6r Sy heesetBbrelineal-A etyoevn WG , the widths
formed on the transparent electrode 106 in the region

of HBShAId bsntR Myer CONtatdctibRYREr 168 pldiBk la8RdsiMaydrad08land Pited
pl ati ng adhesi'on | ayer 109 and plated netal plate 110 are

B [Pl 25 VIE TRl o B 010 2ol
orSr L S B <Py AR 0 e Tutdt " B Gullioh"s BSWRn the attitude
direction in FIG. 5 (depth direction to the paper surface in FIG. 5) the' 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 elecirode 106. In addition, in the section line
B-B shown in FIG. 7, as shown in FIG. 5, 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 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 layér 107, reflection

layer 108, plating adhesion layer 109 and plated metal plate 110 are not formed.

The model with top and bottom placement of an electrode is obtained by forming the
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through an internediary of the transparent el ectrode 112
and formng the positive electrode 111 on the top
surface of the plated netal ol ate 110. [0047] 5 A
procedure to produce a nitride sem conduct or
light-emitting device of the present invention is
descri bed bel ow by using exanples shown in FIG6, FIG .7 .
negatiret EleGr@le Fi ohlthe botwen buffeer of ayier n2@2 senit@dwewdr dgyer N3
sapphire substrate (a substrate) 201, and the n-type

thro¥@R1 GO R @ary Bfeihe 2Q3mnshdriit c18dtddel 1 |aﬁd%m%$g’rth'97 oiRfve

sem conduct or 1ayer 205 are stacked on the bu

oo L1 ot A T b B S B CAREN B MR e cou ting

nitrLde sem conductor.(that is, p-type sem conductor
Ig{%’? 205). The n-type sem conductor |ayer 203,
light-emtting_ |ayer 204, p-type sem conductor |ayer 205
aftdPreqedrepiarmpduces| ackiftidssmpomdagter Hehtrameittingrdsyicetdfahe arpsent
si ze as each other as shown in FIG 6, not only in the
invéngioh i udkscrihaddeiavohy bsitg exesuplesshola in &IE.b1 Eidk? atid &€x9. on.
15 Secondly, the ohm c contact |ayer 207 and reflection
| Biysly, 2eSukelagtiedioad fathetilvd the EpsRakestrarl(86tsadR) 206 and
in this order. The ohm c contact l[ayer 207 and reflection

the haYS sendOShREOr Hyer k6 1RAL Ilg}ﬁ%g%' tlaglr@% E?’f, cPtm{ng ?%%fc@@(?h,éc&\?r layer

el ectrode 206 to“form'a gri
[ j [ 6nh NEEeErsected by the gri tter

205, P9 iF Pt FBh 2o TR R T oo e The

As the netho f formng . the pattern,of the ohm ¢, contact
tméW‘i’%?EP“?%“’zg%gﬁ goeﬁge%l? fhsresuliyag nistids semigendpcton Ghgt 15, p-type

phot ol i t hogr aphi c_nmet hod descri bed bel ow by using a
semjcoafagtorlgy@ri0a). oFhe n-fype semicapduries lexss 262, llé’éﬁmlﬂlﬁé layer 204,

plated netal plate 210 is fornmed by plating. In this
p-tykerbadicnediictortliner 2Datedl tramspamht gkcttwle 200 arsfohnedrelndsy the same

plating after coating an insulation filmon the part
sizeWddi &loh iother ROtshpivatie FIG! helottdndnid e lpafite diretthd BNl in the
contact |ayer- 207 and reflection |ayer 208, or 25 plating
altielid Gkecpghterning a thick filmresist material by a
wel | - known photolithography 30 technique or lift-off

. ;ﬁ%@ﬁ&&“&ei ShrBE BhiabC1aD Yo XRPTE1ONM FayePBb@GLe SBNRE Flthe

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 Aintersected by the grid pattern in latitude and altitude
directions as shown in FIG. 7.  As the method of forming the pattern of the ohmic contact
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

plating after patterning a thick film resist material by a well-known photolithography
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reflection layer 208. In addition, it is preferable to
formthe plating. adhesion |layer 209 to inprove adhesion
between the plated netal ;pl ate 210 and reflection |ayer
208 (a netal fllnwlayerf before plating. However, the -
pl ati ng adhesion | ayer 209 can be omtted. 5 [0048] Next,
as shown in FIG 8, a light-perneable material |ayer 214

techmqﬂesmf Q0T (QRnidie int 6ABSRAGARL ¢ %ﬂo%&td'h?rﬁﬁ ARfct hykheoy eﬁl’don
where the ohmc contact |ayeér reflection ["ayer

reﬂeotloﬁllage{ 8, agﬂ%ﬁcsiﬁf&n, # ¥s§g§1‘p%939b1 aﬁgf\%%n %e @ﬁt@%aadhfﬁoﬁ a?’er ar e

rrreabl i al r 14|sf0r a
improve %&1 Brvers the 5@&5’; i b ee@%‘f 5tk Tefissipm Wé zbgé? grptal
where the ohm.c contact |ayer 207, reflection [ayer 208,

film layes) Beforrplefiniges iHawavay she pamnzathesipatayer 2% cn belomided 10,

which are forned in a cross shape fromthe top view, are
[004B} forned. Further, the sapphire substrate 201 is
exfoliated, and the buffer layer 202 is also renoved.

Nediext shb@n RRFIG 8ea alg@ebe@eablklhaRAb] ?&anic}/@s el rdee
113 shown in FIG5 are 15 foaned by torm ng positive and

transparfﬁﬁ%ﬁéc{rg@e SEHhe g(%ﬁon @‘H&ettﬁl;eolﬂ‘hﬁrdeﬂféctslﬁggﬁﬂggféglb&fon IHrer

emttlng de shown 1 n tal ned by
210t a VI ce unlltg]

20, il 3Pp v Ph et e dneiRali® 210 afcin Pt A4AS Seligh
m conduct or ttin ev; ce of the
shown ip ng éntﬁF %lgngWé eé%atg aiiyqrfm fpnsdswithens asgap e the
| ayers of the ohmc contact |ayer 107 : refl ection | ayer
traHSParqruglecp‘p@ﬁt Piyinstlipeagignwherpdhe algnicgaatagl layedOfetedectisndager
110 on the p-type sem conductor |ayer 105 through the
208, plating adiEaicantys| 200t andddatdd Gneta rpdate @l fpdhivhrare &ringd iin aaross
cross pattern on the p-type sem conductor |ayer 105

shape fréM @B idWeg afd itgpateant el ectrode 106 In addition, the
i ght-perneable material |ayer 114 is fornmed on t he

Fﬁr&éf‘ Shé rsﬁ{]ﬂure Zb§tREDHPIE el Bfatel, SRPHCRIMRR | r2@2t19 @lso

ohm’c contact |ayer 107, reflection [ayer 10 plating 31

removec?g ?\?nee%% ﬂ{% ﬂo%%g iy lpzlnatn%gat{{%teﬂcn%hgtl 3 élli'ogmaiﬁ%lﬁoé are

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 obtéined as shown in
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 partiaily in a cross pattern on the p-type
semiconductor layer 105 through the fransparent electrode 106

In addition, the 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
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[0050] It is preferable that the ratio of the area of the
ohm c contact |ayer 107, the reflection |ayer 108, the
pl ati ng adhesion | ayer 109 asd the plated netal plate
110, which is the area 5 of the bottom 107a of the ohmc
contact |layer 107, to the area of top surface 105a of the
-type sem conductor layer 105 be in a range of 10 to

a n Jages Hiwndi plated metsd plaseth( ap adt fofreed.i n FI GS, the
wi dth of the bottom 107a of the ohmic contact |ayer 107
i N[@056] | atitude direction (left-to-right direction of FIG
5) is about 30%of the width of the top surface 105a of

t h iPpiafBELIS SRt FRNAUSE L khd AYEHT the Dhmihbdiladt $ayeP 16N ehSARMBction
as the wwdth of the top surface 106a of the transparent

oS0 5149 SRy o g . LA e
oL R PR L SELA OB LOHE 2B B AL B

205) and forma grid pattern which crosses in |length and
P-bipe semisondyqtedeyd s bpinameaelieto Wiet . The Iength or
breadth of the grid |ines is about 30% as wide 15 as the
W dsshofntihe dievi-seetioms] tview e FIGH] theoWidinef sreebottim t1A@a of the
grid pattern to the area of each device unit of the

olenit petastelayeorifuating 1ad0kle difectisra(spas-gight dikedbn odEI@BHisi about
about 50% In addition, as-shown in FIG 9, in the nitride

3(P6 ¥ RN 6f Heiteburdit 1b5Ner @@#yi-t?ﬁe ¥ michiBicRi @880 05, which is
I nvention, the cross part 320 o e plated netal plate

th% é%\‘tlg Qgﬁie%dﬂ{]ﬁfe fh, 8 OOt-AGL \}\plt?% ﬁf thg %15 \Q’Pén‘f Ig][et‘,@ g«:ﬁ]fd%og{ﬁ%ﬂ As

ern-trom VI ew crosses 1tnlen

breadth directi.o [ evice unjt f lely .
STORGAE o (OPrErS RIS WY o hae et ot Bl B 6 IhSoptpic contet

311. [0Q51] Exanples of a material_ for the substrate 201
laygrcd O pand gy wrdlestionglarer Z03 arqstacked om the transparemt ¢lecteqdsA08 (-type

crystal (A1203; A plane, C plane, Mplane, and R plane),
segpeonglcter daylee 205) end, faral 2 (gaglAbater) whinhGerepseg e lengjts ead breadth

Li A102 single crystal, LiG®2 single crystal, and 32 MO
disdcrigheincayls tatice arit Tae taitent bromkh ofthbtriddires isetherd 3% as wide

such as Si single crystal, SiC
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 transpaient 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
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,O3; A plane, C plane, M plane, and R plane), spinel single

crystal (AgAl;04), ZnO single crystal, LiAlO; single crystal, LiGaO, single crystal, and
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single crystal, and GaAs single crystal. These materials
can be used for the substrate wthout any |imtation.
Wien a conductive substrate gfch as a substrate nmade of
SiCis wused as the substrate 201, it is not necessary to
renove the substrate when producing a 5 light-emtting
devi ce conprising positive and negative el ectrodes on

Mpot singe ctystrdisandhe pefentionad webstrate wiateciel buchfasrSil single cB6RY, SiC
which is insulating, cannot be used, and crystals of the

sirgpdericeysndusid Gadk adicdel chaydr Thweomﬁteﬁﬂlstdaﬁ mafgeli foe the substrate
substrate 201 are degraded, a light-emtting device

wilt Ry Sraakibe MViBh ARIHL &S CRBARI e l@ﬁchoésoﬂ WERHate made of SiC is
Therefore, it is C' necessary to renove t e sapp Ire

us %Q?ttﬁeagu%bt%% Qt%\f e[‘%d%?ﬁng‘%&%ﬁ téosge o%e ﬁ]tl‘t? Tvg%wggtjoducmg a

er. 202 is.for dfromAIN rAlC [

tighheging Gfvieed i TSR SRS TRE PUAReS thercor

sapphire su@gl e cr¥st al constituting the substrate 101
Hewveyer,cnge hudte @2, twhicl s/ sulpting icpgnasbetused, @an crystals of the

because the Iattl ce constant of sapphire 15 single
semigositlattoanstickdie ldyatst goovic @ms then sapphirGatbstratg 1281 cargsdagraded, a

differ by 10% AIN and AlGaN are used without limtati-on
light-efrhtgin By RBt haviee Bt deliBntaproptities @ahiS#] prodgcdd. tTHetkFore, it is

sem conduct or havi ng a het er o- J unction structure is rrade

net:&s@??tng rlﬁr??fe; tIglE Fﬁ)}%lﬁe %%%@raaﬁiéjl%@g %1613 B%ﬁcﬁ%ﬁ{}e 303 st Reused for

thé?ﬁﬂs%%ci‘é‘ft O{he ?é(s%ﬁttégé}‘tlon the nitride sem conductor,

ors denoted by the general
m%ﬂ AIInyGal_x_yN (0 <x <ls, 0 <yc<ls, x+ty <1) are
In the present invention, nitride sem conductors
denoted by thez%eneral formula _ Al Xl nﬁal-x yN (0 < x <1,

0 Lhe buffer layer 243 ischonmpd fipge i emolFadhnyhich hes atttaswe constant
[ 0054] 33 Production methods of these nitride
begeedncthn daiticeocanstents ofcapplire siegle cTisel gougidtuiing the eshsizete Hnand
use all nethods which are known for grow ng G oup-111
G#W} td Heprove the crystallinity of the GaN, because the lattice constant of sapphire
single crystal and the lattice constant of GaN single crystal differ by 10%. AIN and AlGaN
are 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
semiconductor layer 105. As the nitride semiconductor, mariy nitride semiconductors
denoted by the general formula: AlyIngGaj«yN (0 = x <ls, 0 = y <ls, x+y <I) are
known. In the present invention, nitride semiconductors denoted by the general formula

AlJnyGayN (0 = x <1, 0 = y <1, x+y <1) can be used without any limitation.

[0054]
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sem conductors such as a netal organic chem cal vapor
deposition nethod (MOCVD), hydride vapor phase epitaxy
(HPVE), and nol ecul ar beam epgtaxy nethod (MBE). 5 Anpbng
these, fromthe viewpoint of controllability of the
thickness of a film and mass productivity, MOCVD is
preferable. [0055] Wen MOCVD is used, it is preferable
t hRdodtytibmogethodbHY thesemitrideg ssmicdiductres usedoamited. @he present
carrier gas; that trimethylgallium (TM3 or

inbdntigh Nydralski BN fmbels bEhidA e dredknBwie fhO sBAMRE € AL | ﬁtnde

a Goup-l1l source material; that trinethylalumnum (TMA

seffoopl o ?'&%% oftle Py n#‘?@?‘fﬂ%é Ak Pcn Hpsy WVD%

nygEd 'néﬁgﬁiﬁﬁaémegl B P TS ripleglon ot S et QUBE)

As an n-type dopant, for exa nmonosi | ane (Sl L‘ﬁ
Agpag these i% )fle\@omt of 6ppipp rrfﬂ bility ofi sagythigkngssf & Himcand mass
and germanium (GeH4) is preferably used as a Ge source.
praductivity, MPE VI opaefierableor exanpl e, bi scycl opent adi enyl
magnesi um (Cp2My) or C bi set hyl cycl opent adi enyl
magogs] um ((Et Cp)2My) is used as a My source. [0056] For
a method of dividing a nitride sem conductor on a

S SPRRAINTO BHY $ h@H Sit 19/ fitlerdtMOWAL h:?ﬁoéé?ﬁ@ﬂ) BB 0 SAEIN %e %@ed as

etchi ng nethod, laser cutting hod can” be used w

a l‘f\éﬁrgl]ﬁ} ! I O a ggéstié%gm%u@l\fléﬁ ot 1!5].6@1& o%.[&{urrmﬁ?g? be%ééaeaq’ a Ga

Cco

re Ieto ermv the s L), i d t i
soﬁm Thet <GpRTTe s0use: aieea: 16 v (AT o
an etchin mathod it is preferable to etch the
tr1§ Ifpiausmy GLEAY ke viesh agt oy A) Solaeic i dtimethydindisgn {TMI) or

nitride sem conductor has a rapid etch rate. Wien it is
trigthytndiioed By beaused sean In souies; prdthet arbinenin (NHls)korthydrazinedNoH,)
at a wavel ength of 300 nmto 400 nm 34 which is
behisbfl @8 €N solurcervidoh absaopi-Vooura\vritetdt h of GaN and

sapphire. [0057]

As an n-type dopant, for example, monosilane (SiHy) or disilane (SizHp) is preferably
used as a Si source, and germanium (GeHs) is preferably used as a Ge source. As a p-type
dopant, for  example, Dbiscyclopentadienyl  magnesium  (Cp;Mg) 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
techniques such as an etching method, laser cutting method can be used without limitation
atall. 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 preferabie to etch the sapphire substrate

101 at a slow etch rate because a nitride semiconductor has a rapid etch rate. When it is

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



10

15

20

25

The ohmic contact layer 107 is required to have a | ow
contact resistance to the p-type nitride sem conductor
| ayer 105. 5 Wth respect togf he contact resistance to
the p-type nitride sem conductor |ayer 105, an el enent
of the platinumgroup such as Pt, Ru, Gs, Rh, Ir, and Pd,
or Ag is preferable as the material for the ohmc

whedIik affferdrdiem dlabsoryRAGvdvBREEth JPIGaN dnd J&Pphind Ru are
nore preferable, and Pt is nost preferable. Wen Ag is
“Z[??%"gor the ohmi c contact |ayer 107, excellent
r ectivity is obtained. 10 However, there is a problem

i n.that .the contac esi st.ance, of i s._higher. tha hat

o Tty 627835 bof B3 TURRIE HoYe At Som PR iR &

hi gh contac¢t resistance _is not required. However, when
p-typrenifridgrepaoaArcter 18¥¢ 18de 106 is formed on the p-type

sem conductor layer 105, it is possible to use Ti, V,

CrWVitloaesprit, to Zhe cogsact vesistaice 17 he pwypeshittide semécaaduster layer 105,

materials for the ohm c contact |ayer 107, because a

an elenteAtof the plasinamogoloetwwhes PiHitu, 1B, Rhafrsqpal Bd) tor élgds pradeteble as
106 and p-type sem conductor |ayer 105 is large, and a

theCRBteART for tBS bEhRNEARSINREN 0V ARSAARISRE, B &CRhode] ROGramtbre
ohm c contact |ayer 107 decreases. C [0058] To stably

preg%rahﬁlig,nmfﬁ Ittg%\lfﬂ%%?r&a%‘%y stance, the thickness of the

con is preferably 0.1 nmor greater,

a nor.e .prefera Fimor, grea o rtd cul.ar
SOV A CRHEEE oy obmis Shiiies FhER0 ELiobQuBR RSt b5 ifflea
or greater, a uniformcontact resistan canp, be
Hogtsvess Hesae 1sTheiblomhm that {hE gt Tegiyiapce, gésaﬁ@gi’iﬁefaa%ﬂi# REFt.
ohm c contact |ayer 107 to inprove the reflectivity of
Haviayht AgTiae be asddeatdeviges imyehich pdighcopiast ispiange iragbregrirgh
Ag alloy, or an Al alloy. An Ag alloy has a higher
r efibweter,witen thiémndarent elecRhde RIS, is Germesineh fd pHype bemiconductor
visible 25 to ultraviol et wavel engths. That is, since

laylet 903, if IsiBséibR tb v 1T, eyiCic! COONI, Zy.aNb, 1NI4, HE TROW besides the above
sufficiently reflected, a high-powered device can be

LTS 5 Uik 7 Ve o MR Bhctofer
tra:lllg)pSarfi:ﬁ e%%%deo f106 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
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, Ir, Rh, Ru, Os, and Pd in the visible

to ultraviolet wavelengths. That is, since light from the light-emitting layer 104 is
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an Ag alloy or an Al alloy, and the ohm c contact |ayer
107 is nade thin enough for light to pass sufficiently
there through, sufficient reflected light can be obtained
in addition to 5 obtaining an excellent ohm c contact.
Therefore, a high-powered light-emtting device can be
produced. The thickness of the ohm c contact layer 107 is

' 0 41ii HR- r R I &
iz z@%% SN L S B dan g BLEATER o KRl

Q7 fl i 108
08 B 5 B R LI gy
th t 1 bl X
o0 el OAé%l i ol RRES hyer éb’é b i Chayeh K tigh
preferabl e that the filmthi ckness of refl ectl on | ayer

to n@8 shficiantly therarthough,sufficient refiactadnlight ganbe pbtaur@étlamdémon to
In order to obtain good reflectance, it is nore

obpinkigesnttcelledttatmid borttie. Tlteirefmraeaiﬁgiepomred tiplgrendittmp debive can
addition, it is preferable that the thickness of an Ag

be ?kddgyed a8 FhiBknds§1bMNthb eEAUS@NEC 2t TV i ELERbIEADI rlr of Tess, and
he Ag | ayer even if the Ag layer is C protected by

I preferable that the thickness of the
moxéﬁllteﬁ%lylbﬂn%ﬁ?gse or less than 200 run. As the nethod

of forma of t cti o
it Peroiehg oS %aen&g%pcgp P B e ljeh%ééﬂﬁﬁ%f&f 10s,

vvlthout limtation in par cul ar. il m
CORSHHERA rSRIHETIEG TBHhaTT B VRASILR @Eﬁ?@ ehaae Y siiiggh Sy
~because a sputter particle wth high energy collides
lindigtionst a substrate surface. Thus, it is preferable to

use a sputter method. [0060] 25 As a material used for

t j0@58T ansparent el ectrode 106, well-known materials such

as 36 ITO (an In-Sn-O alloy), 1ZO (an In-Zn-0 all oy),

Ailzlﬁ, frefefdb]l Mo e ahlA@yallo§ &6r e reff@tlon Wiybhiogt | initation at

al l.

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
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 sputter method
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 préferable to use a sputter
method.

[0060]

As a material used for the transparent electrode 106, well-known materials such as
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As the thickness of the transparent el ectrode 106, nore
than 100 nmis preferable in order to obtain a | ow

contact resistance. The out pgg power deteriorates when

the 5 transparent electrode 106 is too thick because it
can absorb light. Thus, it is nore preferable that the
transparent el ectrode 106 be equal to or less than 1 m

ITOn(aadi-31-Onallay), 1O faefeZak) elibhptAZOgatZmASORBOY) can be used

el ectrode 106 be forned on the whole surface of the

withcdy BRisesMm samduct or | ayer from the vi ewpoi nt of current
diffusion. C As the nethod of formation of the

t rﬂﬁ et R Gid QQ[E ﬂ@c&%kl l'OE NABEL %Bﬁ'tlpﬁﬁmt it %referable n

an evaporatlo e use
ta artl cul ar Par t a , nneal i
orgdroley bt 2, r?BBﬁﬂ%‘t P PRge (61 ST P 3%(5“@% Jfhen the
formatléin of a]eﬂ,gt is effective to increase
tfapﬁl%?ﬁ% eGtisde r i & togn dhigke bpeanse 16 ke tabpeg; ]églﬁﬂ d8us, [ipds gpore
tEreferabl e to forma plating adhesion |ayer 109
pr@:fcrabbt gt theritemspatent glecitodd 1A bakqual %o pf lasssthad pmt. hat i s

between the plated nmetal plate 110 and refl ection |ayer

108, additionr {iés pieerabilp tloy thet thdispatisila@iodASO@bertdraikd ah tef whole
the plating adhesion |ayer 109, it depends on the C

suﬁﬁéeedf' tB pHpd RAiRIMh&as H?éleﬁ"orﬁ kit Bedidint dNenbheiTRieL | al

whi ch is contained as a main- conponent in the plated

mej al € r.d
e s e SR T
the erial whic e in. 20 co
m%ﬂ?dc o gva@8??f13wé3hoe%%”°et § mﬁPSPéPPHﬁW’%’é’%%E} S Bty
pl at ed netal ate 110, be contai ned egu nor e
antﬁﬁ‘ﬁ??l%%eé‘&m% %I%Eﬂﬂ?ffa“ﬂlﬁéalﬁﬂ% i19§ “adAedlo a%&y%qmaﬁ@gof a film
[0062] \Wen the plated net al@@fl ate 110 i s nmade by
is pffeativa o MicRase hbapsnssionfagioh erd deerdaay sheet rsispBegr ef erably
made of a Ni alloy, and nore preferably made of NiP. In
adiotipn, when the 37 plated netal plate 110 is nade by
plating Cu, the plating adhesion |ayer 110 is preferably
mefgs Qfefeabld talfh9y a pRithgIINEsiON Riyer 809 Wirddeu@er G- plated metal
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
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 Iayer
109.
[0062]
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



10

15

20

25

In order to obtain excellent adhesion, the thickness of
the plating adhesion layer 109 is preferably 0.1 nm or
greater, and nore preferablygd nun or greater. Although
there is no 5 upper limt to the thickness of the

pl ati ng adhesion | ayer 109, the upper Iimt of the
thickness is preferably 2mor less fromthe point of view

platd preedpiikd Vid i madeeoyppsl Cuothe gswtimgcidﬁ@ﬁoﬂ 1Pl 18t ik Peeferably
adhesi on [ ayer 109 is not imte and exanp es thereof

m%?hf‘*iﬁﬁ*%“’?{ ﬁ‘“@“@éﬁﬁ%ﬁgﬁiﬁ‘?ﬁihﬁgvf‘ﬂg bt 6 ener gy
Qb%ﬁrﬁ?er R eraRS R REah du BidkeRs’ §igPhphebe ﬂﬂ%ﬁ{ﬂ lggor 109

h adhesi on. Therefore, ring nmet hod
is me%efréb 1310k L Qg greagery Wﬁﬁeprﬁ%é&ﬁmg DAY HE PR ﬁé@@lﬁgﬁ@@re is no
[ 0063] The plated netal plate 110 is fornmed by an
uppbe imitotoeths thicknessgoihtherating adhasiony laygrs1@9, the apperglimit of the
met hod. When an el ectroless plating nethod is used, it is
thiekedse isghrbferdbly pluat @ lessNirdth fife @litteyf vidwofmoductivity. when an
el ectrolysis plating nethod is used, it is preferable to

Pl 24& pedtiuctibh PEHST HO (RR DMt Nacidbibh Clagelt 169 8Nk hirffe® and
plate, the thickness of the plated neta plate. C 110

I I .
esp s TEed Iy n B REHA I Merrb WAKFL nd dorkBcf Ry Since
and ducti vi decreas t heref.ore he.
Sppﬁ?reﬂﬁsﬂﬁﬁs‘i’ha"mge SR zé%)% SliEced bag I ?0 e ifin the
pl ati ng, i,s.preferable . to degrease a t he
soBiettage Sioghod o i PorSi e 1o B CoriTe PEY it & éaﬂesa% Thegdesp. 2
used neutral detergents. In addition, it is also
sppitetngratthed isprefembiiceserl jo Ermtihe nlatisg edkesiondayer AB9.pl at i ng
adhesi on | ayer using acids such as nitric acid to renove

Bral oxide filmon the plating adhesion |ayer. Wen
the plated netal plate 110 is nade by NP plating, the

pl #heflatmtmbtaPplate® 1019 fdrthed 25 aRreddéctiotdss Elaﬁﬁg fRthddyor electrolysis

el ectrol ess plating using a plating bath conprising a

plﬁ‘tﬁjfég 1?1?%18& W’hgllfglll p%@troléééﬁdgatﬁrcg REGES s Sk fiiseorafehtl fighte a NiP

osphorous source such as ‘hypophosphite.

al@r clgaﬁ%sg,{\ﬁﬁ‘en a1t dsti&?rogsfs cl{ﬂ%‘%[ Ihé‘[i‘lb% f‘sq.lsQJ %g* ﬂef&fabl% to plate Cu.

use

In order to maintain sufficient strength as a plate, the thickness of the plated metal plate.
110 is preferably 10 um 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.

Before plating, it is preferable to degrease and wash the surface of the nitride
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 IQ.YCr.

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

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



i nclude NI MUDEN(r) HDX-7C; delivered by Uyernura

I nternational Corporation. Th H of the plating bath

during electroless plating is preferably in a range from

4 to 10, and the tenperature thereof is preferably in a
sihge nfdkesudtd Md3hékel ERIOAAY, an¥ b Rodph6radk 8686e SRhak hpixﬂmespmte.
110 is made by plating Cu or a Cu alloy, the plated netal

Bkahgled a@a slﬁtafaleeéo%ﬁ&bm&arﬁ@@u&bf%%ﬁg BairSised B éﬁ:étﬂgess plating
using a plating bath conprising a Source of Cu such as

fRRReNTDaNS e 72 ﬁ&lh‘?:geﬁ?)‘ ﬁg@ﬁgfanﬁh ﬁfo'ﬁlﬁlob rt%bfatlon The pH

plating 1s preferably stro

BM@?@Unfgsqbﬁ‘{/ Irﬁ{gaaleé&o%esg 14@3%1)%?&%%@ ﬁ%pgomms f1%,°£nd the

I's pre n-a range

e et O R B R G530 560 . andt o o

pref@;q%ly in arange from2 to 4 AAdn2. In addition, in
ordé make the surface snooth, a leveling agent is

combre af phi Braliels %f“rfa's%‘ﬂy P%gnggﬁxrﬁ rgggggug}; gipleged metal

TN- and E I|ver emura In tional .
5& .%ﬁfﬂ%&%@wed Y%P £ S Rlabng paby cqrﬁ@mmg a

Iat| ng netal |ayer 110, preferable to anneal th
iﬂua?eeeg et allchp|aat°@pmrosuiﬁﬂ|tre H?ﬁq@&l{tmagbaﬂéréﬁémat elpcdrolysis plating is

preferably in range from 100 to 300C to i nprove
pigfraahily strongly taﬁléhcarﬁ}i*?éaffs ithyPHeherep s urreferablyng s lespahhe temperature
above range adhesion may be further inproved, but ohmc
therspis pretershly iba wage dved 10 f@0B%] andenage mfﬂ@blmoom temperature
form ng the ohmc contact |ayer 107, reflection la r, 10d8

anda more

(2&°@etlde crridntndeasir s, prafrcabby an edramee dtonp|0a o 10 dm )
partially on the p-type sem conductor |ayer 105
freferaidp i erange oot 2 G AADE) , several nethods are

consi dered. 39 As a nethod of form ng the ohm c contact

| ay & addiion, riebldee to anké theesirfhCBsmaoth, alevylingvedent lspoefierably added
photo |ithographic technique and lift-off technique can
toeheipladng bath. Examples of a commercialized product of a leveling agent used include
ETN-1-A and ETN-1-B, delivered by Uyemura International Corporation.

[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
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

(transparent electrode 106), several methods_are considered.
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[0067] As a nethod of formng the plated netal plate 110
partially, the two followwng 5 nethods are mainly-
considered. (1) An insulating,protection filmis fornmed
on the part other than the ohm c contact |ayer 107 and
reflection |layer 108. As a result, plating is fornmed only
on the patterned ohmc contact |ayer 107 and refl ection

| AGR R BE RinfnElR e SRRARY P 17, ZcoR Mer 178 persally,
' ' in. bl -k lith h
o ARSI PSR BB o o
tgﬁ)pgﬂm c contact layer 107, reflection |ayer 108,
Y

n shape of the plated netal plate 110, it is
necessary to keep the bal ance of two inconsistent 15
chas acmethodt oic Eorminge thef platedcimeial plase rld 8 spandallyh dheatwa foflowing
each of the |layers of the p-type seniconductor |ayer 105

malsodsuehmamipossideted, and the ot her of which is hol ding
the strength of the plated netal plate 110 as a

SUls) AL ARIHFHRBLeBForPERS istbened én 1R RNEIBERRALHe MAMiE Béntact

formed pattern of the ohm c contact layer 107, reflection

t t : o)
layef 407 and iRl IR IR, BXitelt Bk B SRS oE257 6 pottormed
strengt h, of subsirat e, whi ecreasi ng the accupie
onjie Eoti ifver 107 gt PHek R Ve A R el et o rcHn€d on en
. possible. However, as a pattern of the ohm c contact
insulpfigg flm7  reflection layer 108, plated netal plate 110
it isnot limted to a pattern shown in FIG 7 or FIG 8.
| t(2) & thickfidmatsisist miaterial for platingris used inleewel-dnewambotolithography
el ectrode 106 be a shape of grid, nesh, crossline, conb,

techpidnel adbliftiotftecladg. e ring, Y or L, which can be deci ded
appropriately according to strength of the 40 substrate
andoégystal | ation characteristics of metal pads to be
described bel ow. [0069]

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
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
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

ring, square ring, Y or L, which can be decided appropriately according to strength of the
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It is also preferable to forma w de area whi ch netal

pads are attached to, in order to neake it easy to set a

bonding wire. For exanple, aggshown in FIG 9, it is

preferable to 5 forma rough circle pattern fromthe top

vi ew having the bulge 311 in the cross part 320 of the

plated netal plate 310 at the center of the device unit
subBtra¢ ahed inbtalistiin chakRoRRgistig ofinical pallObHKY dehsriiddebelow,

l'ight-perneable material, it is preferable to use a

I i[mﬂ pernmeable resin, a silica-based material, a

ti'tani a-based nmaterial. 10 As a |ight-perneable resin,

ol AP PRIt B o i Bk VAR RSLTBARLE astached t9, in grder to

resin, a polycarhonate-based resin, _polyimde-hased
maleeit qasyAR S8hdRYIFIBS LS. o FAT sxamnle.csboradn FIG Rt sorekeple to
without Iimtation at all. As an application nethod of a

form ghougesirabapatiem Gginrihe topidew hrnbghaiailgod!ll wubhcress part 320 of
spi n-coating nethod, an injection nolding nmethod, can be
theiplatkdwhéthigplate 3il Oiat ikt carteadf tht Hevicdmieinerrderitd sé¢td bonding wire.
preferable to use a spin-coating nethod fromthe
Vi F)@pg] nt of productivity. [0071] As a silica-based
material, a well-known silica-based material having

i ght X shekd St Sl :

ety e SRR iE SBIITH, B SRyl Sl geFoat resin, o
.si l.oxane- based .materi al, hydrogenati on nmet hyl nethyl
s11§qarq§§%{ﬂrgg%g§l:at%aéﬁsgg ?naﬁ%lﬁ’%phor us- doped silicate based

material, a polysilazane-based material, can pbe used

wi Bhodt lghtipmmsagle iesiy | wellkngwa, (patatials théwmgpa}a%&a@inefﬁble

of a silica-based material, it is preferable to treat it
characgristinsnsushias e pohoretiandmetharytate-baged resdn, v pokyrsriematetased resin,

transformation to silica glass becones 25 easier in that
polyaimie-beaad rebih, adkpety r@pgp)] drcied silcorefredinséahibeamsbdsdtiout limitation

material, it is preferred to perform a baking process at
athfpe tenperature of 100 to 500C fromthe viewoint of

har dness i nprovenent and t hat

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

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
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
humidification condition from the viewpoint that transformation to silica glass becomes

easier in that condition.
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wat er or organi c conponent which is contained in a
silica-based material can be renoved. As an application
met hod of a silica-based matgrial, a well-known nethod,
such as a 5 spin-coating nethod, spray nethod, a

di p-coating nethod, can be used without Iimtation at
all, however, it is preferable to use a spin-coating

et 9 dpplicafibh BEa VilieBRc imBdrial Af Befeiyd to/perfdd® aakimiSpracess

titani a-based materi al, [l -known material such as

a well
o 5 IR of, R A ol BRSO, R MR e
walih of g cagp Ref PG FErkeB 4 S el Fleidis B Rt

har dness _i nprovenent = and that water or grganic C onent
wiisc appliegionanetbed pha aﬂlgﬁ%ﬁ%?é-%g%%la ACARIAP TR AR SUCH &5 &
renoved. 15 As an application nethod of titani a-based
spimmpatiigangthad wprdy- iontwed, ndipkediing methods can bespied-widhaut hgitation
nmet hod, spray nethod, a dip-coating nethod, can be used
at WiLt hewidvel,i it gireferableato abd a iphwvevating mothiod fpomf the alibepdiot of
use a spin-coating method fromthe viewoint of
proRf: tivity. [0073] 20 A reason to provide the
I'i ght “perneable material |ayer 114 is because
I i[@(]ﬂm extracting efficiency of a nitride sem conduct or
li*ght“em tting device can be inproved by formng the

i ght-perneable material layer 114 using.,a o N
| i4n e aviADAIE MRt Rh 5 WHARAORE. BT Shrb s AR ol dijania
on the p-type senmi conductor 105 (transparent el ectrode
phasphyte cathbrsuseriwithout imigatgmaiial. t o form the i ght - per neabl e
material |ayer 114 on the p-type sem conductor 25 |ayer
10Fteorapphcation- o peitamaibesaddmetevial, | ibye prefeuresl gh perferm a baking
internmediary of the transparent 42 electrode 106. It is
proRésai2 tladletpehaire 21160 1@ 00 Cefrbmday vidwpohe dfihgidnepeimmeaisneent

material |ayer 114 be
and that water or organic component which is contained in a silica-based material can be
removed.

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]

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

Jayer 105 or on a p-type semiconductor layer through the intermediary of the transparent
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within the range of 1.4 to 2.6 fromthe viewoint that

light-extracting efficiency of a nitride sem conductor

light-emtting device can begpnproved. 5 In 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 rimto 550 nm [0074] As shown
elécrolid @®, the light-perneable material layer 214 is

formed without a gap on the transparent el ectrode 206 in

thg; ' ' { ; , : j

0 e R b Gt mit G g 10 e
pl.ate 210 ar ot rared., As.a re . ..L.he .effects of
il S 001 Ao B AR ViR s o R e ot
Jight-perneable. material .| ayer 214 and i nprovenent of
m%l&%éwﬁpgg@ﬁqré}&gf-ﬁmﬁyng a%"liﬂ IPredpl ate 210 can  be

achi eved conpati bliy. In addition, it is usually difficult

t olif cdehitiont Wi dk prefeuablgsthat the dight-permrablsdmateriat ilayer 1ifshas a

or titani a-based material as a |light-perneable material,
trahamittsecs equial tvamandre fleasobl withm a fWevalerati fangk of 330nah &y £ 5Hnm.

a thickness equal or nore than 5 mby a constitution

og4t he light-permeable material is in an adhesive
bondi ng state with the ohm c contact |ayer 207,

e B e il p b R e 80 P T w5 ggp om

20 It i that the thi f th .
o Friperst RESERE R b Wi BT Bl el ipinR0% wfirgion
e BBy B B! AT oot s

mat eri al be equal to or less than 200 gm which is the
resuitxiheiwe sffect of moprovernent ablightrextiacting efkinieney bathgdight-penmeable

pl ated netal plate 210, in order to provide a

mat€riv ldyer12 1 bamdiegrevdnieat bf gibktryie straaith by thetpdatbdinetad plare 200 can
adhesi ve bonding 25 state with the ohmi c contact |ayer

be 4B fievdedd Qi'bg,_n | ayer 208, plating adhesion |ayer 209 and

43 plated netal plate 210 on the transparent el ectrode

208, adhﬂigzﬂt is usually difficult to form a thick film using a silica-based material,
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 rﬁetal plate 210 on the
transparent electrode 206.

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 (I)f 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

state with the ohmic contact layer 207, reflection layer 208, plating adhesion layer 209 and
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After the formation of the plated netal plate 110, a
sapphire substrate (sapphire substrate 201 in FIG 6) is
exfoliated. Exanples of a mefshod to exfoliate a sapphire
5 substrate include any conventional methods such as a
pol i shing nmethod, etching nmethod, a Ilaser-lift-off
met hod. After a sapphire substrate is exfoliated, the
plated frfietal glaty @10 Oh e teemspayerele2@8dde 20d-1 G 6) is renoved by
a polishing nethod or etching nethod, or the |ike, and
thgomitype semiconductor layer 103 is exposed A
negati ve el ectrode, which is abbreviated for

sénf#éitéﬁ‘%%‘?&“"ﬁa@i@g e A@“%%éﬁﬁegéﬁ?. %E&melec%ﬁ?%“&fe (sapphire
A I d
subGGTHS G RRLS: Jhd° S Uel o ExaBERs BE A BR4G Prouelighy sepphire

limtation. As the paositive electrode forned vari ous
subgfaate inajudedny convamiional sngihodsisugh ana pelishing methed, etchiag mpthod, a
i ke are known. In the present invention, these
lasardifirefitmatinal. positive 15 el ectrodes can be used wi t hout
any limtation. EXAMPLE [0076] The present invention
wiftdr alxapshind sibsede bedx@uliated, thd Biffsrenee (hafdoiaepRes iRRIG. 6) is
Conparati ve Exanples in deta|I but the present invention

renio%ec.rl‘ofs |d ?ohﬁgn%x Etﬁ@df&J |69‘Mdég me%ﬁbc?x@t“ﬁll)eeshke{ QRd7ihe n-type
anple 1, a nitride sem conduc
sengcog%fgctgg Cltﬁtrl nf;q :ijs?/ '8)9 eos@c% ghg %tl{fep &'@cgg&%mh{%F 1sI éob?evmted for
hire substrate, on the buf f er de of AIN

luR IO SEWES 1 ReH S9ShE RS SeTRcondodiot é&ga t éaéhfeaqﬁaﬁve
contact | ayer having a thickness of 5 tun; n-

eleqtyedel criyeohpnal agaitivg dlesfmdenhoving varions emee%ﬂfats «%1 ﬁﬁn}cﬂa’es
light-emtting | ayer

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
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
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.

Firstly, on a sapphire substrate, on the buffer layer 102 made of AIN having a
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having a nulti-well structure in which a Si-doped n-type

@GN, barrier |ayer having a thickness of 30 nmand an

I n0. 2G0. 8N wel | | ayer having,a thickness of 2.5 DM were

stacked 5 five tines and then the barrier |ayer was

stacked; a Mj-doped p-type A10.07G0, 93N cl addi ng | ayer

havi ng a thickness of 50 nm and a Mj-doped p-type &GN
thicRk@6E 10 A¥eh s[ig%;%? a-@é BLRKEERE O el BRiET, ‘eﬁEl%le%% 8ek&th: an

successi vel y. the p-type”sem conhductor [ayer

Tna Ll ans tq.el .0de f I TO fil 10,..
i g chi AL AALEN 1o BT % B ReR) ol S0t hichiliing 1over
deposi ted by an evaporat.i.on pethod, and anneal ed for,
e o BT e O A D G SO agr S Gy aver hiving o
atnmosphere. After that, the ohmc contact |ayer 107 nade
thighness e 3¢ apend pavnogoaNmalcdRyes devisg athBknesmodAd nm were stacked
reflection | ayer 108 made of an Ag | ayer having a
fivehiinéknesd thén Ak barisadayor wed staglfed; n Mg dofuds paypte rAlhyGag osN
sputtering. Then, the plating adhesion | ayer 109, which

cladging lhydrMaB@en eicl¥el: af 5@Yind; Mnd 280gadded P-tyd0 @iV ontact layer

having a thickness of 30 nmwas fornmed by sputtering.

haﬁggg?ﬁ%sfgﬂf%wy@gtg&gg ﬁ%é%t%#é@%fr) . the reflection

e Ag | ayer ating adhesion | ayer
102 we patterned to a cross shape by conventi onal
ph 9 I"f't hography and lift-off techniques. 20 Wen a

pattern wdth Wis 30 m t rati o of the area of C

p3§4 ﬁ}enp-tym éﬁ@wm%i%ﬂe@fﬂfb?o@ Irgpspaggt Fﬁ@tr%ﬁ{eelaa% ofan 116 Fiim

transparent el ectrode pattern é300x300:90, 000 nR) is .
(Snp: W30 /tyoweight tavig 4 Godoiess peE0 nm Wiab depdsitad tysans evaporation

mat eri al nade of Si 2 having a thickness of 100 run was
meind{ andadasoanrichiedtfoamapdioantat @l enipeadere 1Q6300?Cautidegi anoxygen

where the netal filmlayer conposed 45 of the ohmc
atndph@el | ayer 107, reflection layer 108, plating adhesion

| ayer 109 was not formed. The resist material was

Pat A& RAd Yo hhiNebha &NV 1870 Le! d P0G PN Gidees LIRSS of 1.5
nm and reflection layer 108 made of an Ag layer having a thickness of 30 nm was formed
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.

When a pattern width W is 30 pm, the ratio of the area of a cross pattern
(30x300+30%270=17,100 pmz) to the area of a transparent electrode pattern
(300x300=90,000 pm?) is 17,100/90,000=19 %.

[0079]

Next, a film of a resist material made of SiO, having a thickness of 100 nm was

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



and lift-off technique. The surface of the plating

adhesi on [ ayer 109 was i rmerseﬁ% inanitric acid solution
(5N) at 25C for 30 seconds to renove an oxide filmfornmed
on the surface of the plating adhesion [ayer 109. Then,

dfhBe Rhatie _@mﬁ%tqla%&l A7e rdiddivhi sy i1§8,ap1%1iiﬁénaﬂ?é§.iﬁm§l%)é& MoRvas not

al l oy having a thickness of 50 mwas forned on

i n i A, J rqle At i . .

Bt THRARS Rl Fhe SRR 'y s Ry B oM Bric echmique
del.ivered by Uyenura International Corporation). The
a@ﬁé’@t‘?%%é’g%%ﬁ?'ati ng was performed under conditions in
which the pH was 4.6, the tenperature was 90C, and the )
t r elbariiptace jofdheplating pdlgsion layerel0% wes jsnmenser ireg altric rigt selution
110 was washed with water and dried, it was anneal ed at
(aNpa 2HC for BOsecarsls ng remoe aaoxidy Eihm HHXRIOIn thaf uefacd bibthe plating
the substrate and the buffer |ayer were renoved by a
afResi@lag 18t hod to expose the n-type sem conductor
| ayer 103. Then, an ITO film (Sn02: 10% by wei ght) havi ng
a r‘- . .

TheL %e&ﬁ?eggg)rlﬂ?ég@gry 1%%lmorﬂa&etberfhffe‘1'r\]1?1y§ﬁ)g having a thickness

sem conduct or eposi tion. egative
lectraode co I Si Cr fil m.havi a thick s of..40

R0 Wgn S PTRE 20 00 P2 dhinelags” HE0SY R eleholES plaig othod
havi ng a thickness of 1.000 nmwas fornmed gn e center )

usingt RePlefipg Jath o(ﬁ\ﬂ%\ﬁéDEPﬁo@bﬁDXezés elivsaed e Uysiies dnismational

the negative electrode was fornmed by conventional

Gemparation)h e elseyolesscplatingy wa perfosmhd vgdescondinonhin which dlaepH was
of the p-type sem conductor, a positive electrode, which

46 thertenipechtire wdsi @3Ceand therneatrsént ginge Was B ioorsh Avfien theaplated metal

t hi ckness of 1,000 nmm was fornmed by deposition. Then,

pldi€ 100 tas AasBEITnGANWAteE Bfd bHedtit @At bhhdaldd@ViToeC $HoMholusing a
FIG 1 having a 350 46 m square was obtai ned by dicing.

JdAf ogsul ting nitride sem conductor light-emtting device
was installed in a TO 18
[0080]

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 (SnOs;: 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 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 device shown in FIG. 1 having a 350
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package, and the output power for 20 mA of input current
was nmeasured using a tester. The output power of the
light-emtting device in thi% exanple was 20 miW 5 [0081]
[ Conparative exanple 1] A co Xentional nitride

sem conductor light-emtting device was prepared in a
manner identical to that of Exanple 1, except that a

uﬂﬁq@%ﬁ%ﬂﬂtaﬁé@%&@ﬁ@ made from I TO ( was not fornmed,

an ohmc¢ cortact -l ayer, reflection |ayer, plated

nmetal plate r. 10 fo d..op, the.entire surfa f_a

o v @bl B smorRhiRY B RanR it FifuRERedin & To-18

sem conductor light-emtting device was installed in a
packege,gnd fRe lexguit PRWET {95200t inelk InpBingranb Was anGaELIGH Usig, i tester.

current was nmeasured using a tester. The output power of
The hatput ghwerenfithe lighg-cdutiing devipe ithihés exanmp wasEm¥P8 mv

[0082] 15 [An evaluation result] An output power of 20

mMoes]obt ai ned in the nitride sem conductor

light-emtting device (Exanple 1) of the present

[ @RhtRExapihiich the ohm c contact layer, reflection
| ayer, pl ateg netal plate were forned partially on the

511 A58 Bl o YR STEROC S O e B0l o
A SR USSR e fom 10

whi ch the ohmic contact |ayer, reflectjon layer, plated
wapgoh foramesh andaneolpicnsatash axe| spilgsiion; kyers @#fﬁ%i meil plafg were
p-type sem conductor |ayer. A 10% difference of the
forogt! putthpeovie swhise of bpelypestmicondugtor dayer.i de semi conduct or
light-emtting device of the present invention shown in
25 Ths apph&l hitride sanieanduictdr Heght-efiteiag idenick ayarindt@Bed m a TO-18
smal l er than that of the p-type 47 sem conductor | ayer

packdge, aﬁﬁeth?foﬁfpﬁt pbWer Fir 20l @A dhidbuOstirRiat wWae \WiasEled LSiAE @Stester.

because o

The output power of the light-emitting device in this example was 18 mW

[0082]

[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 éontact 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
semiconductor light-emitting device (Comparative example 1) of the present invention in
which the ochmic contact layer, reflection layer, plated metal plate were formed entirely on
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

Example 1, an area of the reflection layer 108 is smaller than that of the p-type
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i ght absorption of the light-emtting |ayer 104 when the
reflection light fromthe reflection |ayer 108
re-entered into the light-emtting layer 104, was sol ved,
and output power fromthe redr surface of the device
inmproved. 5 It is clear fromthe results that the nitride
sem conductor light-emtting device of the present
Se{nﬁ%en ulct%F %é’}ﬁ’g ﬂge%e%fe{‘ep It#lelt ﬁgéleg ’ ag@i)gtgpcg{ie{r :q%larggs%)s/ ‘because of
.sem _conductor |i g_ht -emtting device as shown in FIGS5 10
ligft ehsorntion ef dhes lighbemifing loyeawl Odvasepr bhguredlgctian dight yrom the
on a sapphire substrate, on a buffer |ayer nade of ALN
refastionglagert HO& knargsredfinto1tBe Might-emBiiag tyyed 104, twapesoBady, and output
contact |ayer having a thickness of 5 nm an n-type
pdvi fidoRtheIbhreusel si0he dyate Maptbg. a t hi ckness of 30 nm a
light-emitting |layer having a nulti-well structure in

WhiGR cRarhrofPRE Jedit YRR RN srehﬁéorldﬁ%tﬁlf \I}g@?fér@%’@rdevice of the

thi ckness of 30 15 rimand an | no. 2o,

havi .t hi .0f 2. 5. 1N £ .stacked five tinmes and
Py %\ékﬂftg’ﬁ@u%nalrs gll%er%%? é@fég}%\-,\egtsraé{in ?fg%l?ncg "My- doped p-type
Alnfooggﬁao. 93N cl addi ng | ayer having a thickness of 50

n a My-doped p-type GaN contact |ayer having a

t hi ckness of 150 nm were stacked successively. [0084]
[BgampletXe p-type seni conductor |ayer 105, a transparent

el ectrode made of an ITOfilm (SnQ2:10% by wei ght)

hain tigs &Exbinplek nesitidef seBbnductondightdamisng éelvideyasashown in FIG 5
evaporation nethod, and was anneal ed for one hour at a

whieH R, @b ®clbnal MR, Wi @FodaBedxygen at nosphere. After
that, the ohm c contact |ayer 107 nmade of a Pt |ayer

Lo B RGOS, 3 BRI B s o
ld %Mf a ﬁgci)pn 1?~t3?'p86 GaN contact layer having a thickness of 5 nm; an n-type
Ing1GagoN cladding layer having a thickness of 30 nm; a light-emitting layer having a
multi-well structure in which a Si-doped n-type GaNN barrier layer having a thickness of 30
nm and an Ing2GpgN 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 Alg07Ga0.93N 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]

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

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



t hi ckness of 30 Tm was forned by sputtering. The ohmc
contact |ayer 107 (Pt | ayer), 4 he reflection [ayer 108
(an Ag | ayer) and the plating ddhesion |ayer 109 were
patterned to a cross shape by conventi onal

ﬂgbﬁiveﬁé bf BOGhARAY rerhtkal byl %u?éﬁ%%@hﬂﬁ@%onﬁ& 18hQVD7i Bt ByEd), the

en a pattern wdth urn, the ratio of the
Sed to a

oG1&R08 s 108 1o A T nd ARG PSR P Cheb B

nR) is 17,100/ 90,Q00=19, % 085] .. t,.,a filmof a,

e %PF@@%GQ{W%IPB&P%P@ 3 A BT L P A NER S PRIG FIGT
Co., AZ UT21-HR) made of Si Q2 having a thickness of 10

nm Waen fa materno wigthe W rianibamanthe &tcof odle ao® ¢fnaacross pattern
region where the netal filmlayer conposed of the ohmc
(330830424921 7,100 7 pnref kectlieconarkayef 208ranspatitngelectrode pattern
adhesion layer 109 was not formed. The resist nmateri al

(3B 3P@Ed0200086nH)s &7,16d/b0,50m¥¥9 gghot o | i t hogr aphi ¢

technique and l'ift-off technique. The surface of the

pl a[bog% adhesion layer 109 was immersed in a nitric acid
solution (5N) at 25C for 30 seconds to renove an oxi de

filimforned op the. surface of .t l.at j dhesion |
09t i, AE o EkeiE i (Pod 18 ARTIRHDR Mt Eo. Az
made of a NP alloy having. a thickness of 50 was
Ulgd ) arnderd piQu %ﬂ%ahfgsqk@w ofy &y nmpgvagyfogped on the transparent
el ectroless platin method using a plating bath
eleniradsDEM i0) a ke wherel the aretal fy layermemporett ef tgtabarialcontact layer
Corporation). The electroless plating was perfornmed under
16nneflédtondayer M phtihg edipdsiondsyerd.08, washmeot tfemeelr aflbe eesigisnaterial
90C, and the treatnent tine was 3 hours. After the plated

Wik batkerndd B4 £ wklidnvas phesnadophtic vRheuand EiftoeTtecliniquaas

anneal ed at 250% for "1 hour using a clean oven. 49

[ 0G/E] Gsuglgé% ot ?@é@éﬂi@%&fé@%ﬁq% 38 &' h r%é’i‘lyﬁra At Wed solution

forme I qui -perneable resin
( I z|1t| fSQBGfOIE 36385 'ls on}‘en{o%re agho%ti e h]%% ‘fon%%?f_ojﬂot}i% 'Sur cl;el ShE %lating

b

adhesion layer 109.

Then, the plated metal plate 110 which is a film made of a NiP alloy having a
thickness of 50 pm was formed on the plating adhesion layer 109 by an electroless plating
method using a plating bath (NIMUDEN® HDX-7G, delivered by Uyemura International
Corporation). 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% for 1 hour using a

clean oven.



Shin-Etsu Chem cal Co., Ltd., refractive index is 1.5.)
W t hout a gap on the transpar é el ectrode 106 in a
region where a netal filml ayedl‘ conposed of the ohmc
cont act layer 107, reflection layer 108, plating

T@ s@n | ayer 109 are not fornmed, and then drying and
cur the resin at 100C for one hour and 150C for flve

0 Afte e su rate.and .t he bu
%?Xtméﬁ%%}%wme i 31%6‘614 St s g R oRiPLYiRG @ liquid
ype sem conduct or Iaé( 103. Then, an I TOfilm |ngnOZ
Iwciﬂwn%élegﬁ%s;n Hallicage noapseRiaets fonPhato Iamm MR- 1Y nelglivered by
on the n-type seniconductor |ayer 103 by deposition.
SthveEtsuaChegmal Ce., ditde refbattive angaxi i h) without fai gap dradhiengarmparent
thi ckness of 40 nm a Ti filmhaving a thickness of 100
digatrod@ d0@ infairdgidnvhéra v infgaldilin e gdeRemPoedd of tROShHIMcoaSCct layer 107,
formed on the center of the surface of the I TO by

r@ﬁ&%htlhﬁ%@ 108N81aiRY hdieRioRlaych @0 aQatdi Yomelaeshd Ake cﬁ“?ﬁg and curing

formed by conventional phdtolithography and Iift
o o ype sem conductor, a

R 4B T o Bt b AR g O B B EFCur e,

conpn@ g ng a Au film having a thi ckness of 1,000 urn was

f or nd J@y deposition. Then, the nitride sem conductor
light-emtting dewcesZshovvnln FIG 1 having a 350 gm
squahBerat, dist ibalsefe s9d dhachuiter lasise wieestAMAved biia palishing method to
sem conductor light-emtting device was installed in a
ek@psk8he pagkegelicandctohlayeutd3ut power for 20 mA of i nput
current was neasured using a tester. The output power of

t he Theahtn ETO HlinNGndeY 1 0% bywdilihty hexagBidchass 400Mm was formed
[0088] [Exanple 3] 50 A nitride sem conductor

drl t80h-t65H deindiPsSh Bk &RePi0F @Fd@fo@ﬁ’l%ﬂt ThedY & ﬁ%(a@f%e ‘é’ﬁ:%trode comprising

pr epared I n a manner “i dent ical” to that of

@l?rtr ]ét rﬂ?é@@yél%%ésa? A, STlLﬁcl C&ra%in(%tqaht%}céme%%tf 18650 rreab& 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 lifi-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 350
um square was obtained by dicing.

The resulting nitride semiconductor light-emitting device was installed in a TO-13
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]

[Example 3]
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The titania sol was dried and solidified by treatnent at
150C for 1 hour and 300C 5 for 3 hours after
application. The refractive index of the titania sol was
2.2. The fornmed nitride sem 8énductor light-emtting
device was installed in a TO 18 package, and the output
power for 20 mA of input current was neasured using a
tester. . The oufput power of the light-emtt.ing.device in
t hiAs DEsigpRmaicoRAicos Hepiremithag devica FSENARYSPLioR Yy prepared
2] Anitride sem conductor light-emtting device of the
in pr gxiener ideutenl i tonthakaef @x@@@i@g, ekeeph thafnfilariaj ¥ ivaschgedt ¢ the
that of Exanple 2, except that that the |ight-perneable
lighepermieable raygal layas 1 hbinsfead nfsilicdifeaesior ned nitri de
sem conductor light-emtting device was installed in a

TGS itadfa PBGKSded and sbiEfied bp ileaR@t@ t §£1°CA8r Mhoaf and 300°C
i nput current was neasured using a tester. The output

fo%ﬁgﬁ?%?}ih&gﬂ | %Tféfmgvgﬁﬂ%f ‘8£nch% dihilis s@xample was 20

eval uation res out put power of 21

s obtained in.the nitri,de sem cqonductor . .

Hh it Ry soBipRtit [elGRRRL IR WS gl o = TO-I8

invention in which the ohmc ¢ontact |ayer, reflection
pagkiage, andothg: gPUgIoNeT &ra%fé%ﬁ’g 15Pg; ﬁ’élaerﬁg‘?’ﬁsi MP3SYTeGIsped tester.

surface of the p-type sem conductor [|ayer, and the
Theioghut pewerefthelighttamiitig dexicerin Hislexaptple Mak édFEVr esi n was

formed in a region where the above-nentioned | ayer was

n@og$prmed. In addition, an output power of 22 mNV was

obtained in the nitride sem conductor 25 light-emtting
[CHRYhGEVOExdLABRI € 3 in which titania sol resin was used

as a light-perneable 51 nmaterial |ayer instead of

oL BFRRE R AOBLEASEs ATBUITA PR 39 il
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
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
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

light-emiiting device of Example 3 in which titania sol resin was used as a light-permeable
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light-emtting device of Conparative exanple 2 in which a
i ght-perneable material |layer was not forned. 5 [0091]
It is confirmed that the output power of the nitride
sem conductor |ight-enitting?9ldevice of Exanple 2 in
which a silicone resin having a refractive index of 1.5
was used as a material of a |ight-perneable materi al
| ayer, is inmproved by 5% in conparison with that of the
mpgetiah e dusieAd s GUCB 185{tyht - emi t ti ng device of
Conparative Exanple 2 in which no 10 |jght-perpeabl e
nalie gorHrast, Apeputprtspvet s 20 mW jvéasgbiained {F thermitnidesgmieqnductor
out put power of the nitride sem conductor light-emttin
lighteindtting fdeFica wp Centparativeiekarhpla 2t intvehickaa sight-parsicablt anatergpl dayer
refractive index of 2.2 was used as a material of a
whd sthfoeineabl e material layer, is inproved by 10%in
conparison with that of the nitride sem conductor
Iigﬁblfnitting devi ce of Conparative Exanple 2. 15 It is
clear that |light-extracting efficiency is inproved with
the increase the refractive index.of_ a. . ‘s
1 B REFREER et A7 sl R SR iR ooPirongurior et epuiine
is 1 when no. light-pernmeable terial.layer s r.med.
deviae St ool SV ENE ADARPS i AR b BT BHER g LS used as
harder to occur by increasing a critical angle when a |
a matedie] of 2 Hightrpegmaatie giateriebayai 19 ipeprovadniind %2 1k spgeatisosvith that
1.4 to 2.6 is used as a light-perneable material. And,
oftthe n2fide smsioondustor ligheemitiing devise @ Gomparbtcalirsrannlé atin jwhich no
IS not necessary to use a material with a refractive

lighYem BIEmERAR idtwaRffomald. which has a refractive index
of "2.6. Wien it is nore than the limt, it becones

?T;itfig ﬁié})fcoﬁ?nﬁég %I]Qfe:%‘lre lo?ﬁ%ﬁh}p{)ﬁ&”&ﬂh& '[hEHHé RELEBARC B ligh‘gemitting

eri 'S e results that the nitride

OSRTFIBIAS o A MBI e ERERE 2 2w
asSaZmatlelr\ilg)lu 63f-|-a|1Q {iglll_t-lé:izlééb e Ellalfelri-ila(la r(,) (i)Sglzl'lerOVCd by 10% in comparison with
that of the nitride semiconductor light-emitting device of Comparative Example 2.

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
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.

Tt is clear from the results that the nitride semiconductor light-emitting device of the

present invention is superior in light-extracting efficiency.



The nitride sem conductor light-emtting device provided
by the present invention has superior characteristics
and stability, and is useful as a naterial of a
light-emitting 5 diode and &2l anp. 53 CLAIMS 1. A
nitride sem conductor light-emtting device, conprising:
an n-type sem conductor layer, alight-emtting |layer, a
p-type sen conduct ' | ayer, and a
pl at ed net al pIateﬁﬁ%hgﬁﬁL%Péﬁgggégégﬁghp; substrat e,
wherein the netal filmlayer and the plated netal plate
ar 00P8} med partially on the p-type seniconductor |ayer
wherein the nitride sem conductor light-emtting device
i sThe sitriflacemsohttdatoglighevwindting devick provided ebysthei mresedtl rtvention
light-emtting device according to claim11, conprising:
ha8suPertot R afRtereAeaed 9EbIliAY @hd is AstfuDB aoRhtbHAINGF 4 HA¥BLeming

p-type semnmi conductor layer, a netal filmlayer, and a
: al plate, which are stacked on a substrate,

® (hﬁkg%ggﬁgﬁ%é metal filmlayer and the plated netal plate
are fornmed in a cross shape fromthe top view on the
p-type seniconductor layer. 3. A nitride sem conductor
light-emitting device according to claim1, wherein the
ratio of an area of the netal filmlayer and the plated
nmetal plate forned on the p-type



sem conductor layer to an area of a top surface of the
p-type sem conductor is in a 58ange of 10 to 90% 4. A
nitride sem conductor light-emtting device according to
claim1, wherein the n-type sem conductor |ayer, '
light-emitting |ayer and t h&€LgIMBpe seni conductor | ayer
54 are pre-divided to an individual device unit on the
kubsAmittide bahiworheim light-eitting dévdes, sempdsingtuct or
light-emitting device according to claim1, further

CONPEh Hlthek fnliteERERE Bjkr, €l ectrode on the p-type
sem conduct or | ayer. 6. A nitride sen conduct or

li ghgﬁgllq@ﬁ%ﬁigﬂ%olgﬁ]&i ce according to claiml1, further 5

conpr | t contact layer. 7. Anitride
sem coRduct or. |i ghtt -emtting device according to claim®6,
wher &PV REMIGIIRAOL B¥Eact | ayer is conposed of a sinple

substance netal and/or an alloy of Pt, Ru, Gs, Rh, Ir,
Pd, 2Betadfilm Igyerande seni conductor Iight-enitting device
according to claim®6, wherein the 10 ohm c contact |ayer
has aplatedahetelgdaten a range of 0.1 nmto 30 nm 9. A
nitride sem conductor light-enmtting device according to
cl ai whith avh@ickied ohlagubdtared netal plate has a thickness
in arange of 10 gmto 200 gm 10. A nitride

sem GRREHGHO mddl Hihr ﬁg}@ﬁsltddrtlae %Yé&ﬁeﬁﬁ%&?@%ﬁ%ﬁgeﬁ%ﬁmﬂon the

wherein the plated netal plate is conpose
al | of Cu. 15 11. A nitride
sem 5%/3?3%?{%0 {ﬂi‘cg(lhrltlig%errﬁ tting device according to claiml,
further .conprising .a plating adhesion Jayer forned, . :
bet WERREIRRS Tiids e fopiplyERE R ing dGy15E Lk FHEtRaF mpfing device.
12. A nitride sem conductor light-emtting device o
2ac c o ditrde seanispngdugtor lightpgreitiéngdavice acpardingde claiind s panprising:
| ayer conprises a conponent at 50% by wei ght or nore,
whi cin n-typelsemic®@fdecdordaps, t he mai n pl ati ng conmponent which
is contained at 50% by weight or nore in the plated
met ad liglavedditting layer,
a p-type semiconductor layer,
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.

3.  Anitride 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

n-type semiconductor layer, light-emitting layer and the p-type semiconductor layer
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13. Anitride sem conductor light-emtting device
according to clains 11 or 12, wherein the plating
adhesion layer is conposed of a NNP alloy or a Cu all oy.
14. A nitride sem conductor IBdght-emtting device
according to claim1, further conprising 25 a
l'i ght -perneabl e material layer formed on the p-type
sem conductor layer in_a region 55 where the netal film
| ayepreadivided oo @1 mdbddurbdeyioppnit en hesubptaty nftishands. A
nitride sem conductor light-emtting device according to
5.clAai mide, sehdeomidnctbhdlighiealittingi Idavicayscoatimg t fee cfiat dg further
netal plate are formed in a cross shape fromthe top view

Or&omtp?@ln@ -2l tYRBpa SN LRAUE bR thel RIBE serdltdndudtdrdBferper neabl e
material layer is formed on the p-type sem conduct or

6. ayer tr{fe? S%Iﬁﬁ:bﬁ&c%}e rlighf Qﬁl‘[?ﬁ% a&eaffdel %&ﬁlﬁé ﬁﬁq},lélﬂle 1, further

pl ated neta ate aré€ not Anrtrid
sem canduct o e tt| ng device according to cI aim
14’0%8’|ngiaﬁ ?°31 ﬁeabl e materi al Iayer is formed
on the p-type sem cqonduct or, er, and ¢t

7.1 iAyRiTider seEHEATIURRE dighkPmitipe rd%vgces%ﬁcwéeﬂ% sty éaé*thefem the
partially by the netal film]aye 10 and the pla
nehalic phrtee layey is composed ofa § @:@Wﬁf@@@%meﬂal ghﬁifore-?lﬂ %Utowr?é Pt, Ry,
devi ce according to claim 14, wherein a |ight-perneable
mapse Rihalr, Pdyer. is formed on the p-type sem conductor
| ayer through an internediary of a transparent

8. el £Ghad eserrﬁ&ﬂldha%r lighhbmBeh e ce i&bﬂﬁﬂ%ﬁko |8 6] Swherein the
surrounded at least partially by the nmet filmlayer and

?(iti e?ba@gt ﬂltuﬁmegsqnéa ing% sgmheonduct or

evl ce accor a| m 14, wherein the

% %i%eﬁ%@%d@ PELBH S vaéezagg%amgngt%@ﬁ%aa, e e

t| t ani a- based materi al . Q{ﬁA nitri g sem conduct or
| inegie l@ﬁﬁethﬂi*ﬁ@m%;@\‘?ﬁ%’é‘ %@E%Fr ng%o QE¥r 14, wherein a

refractive index of the |light-perneable material |ayer is
100 A ritridersgmicndactar ghtzngttingolegse apeariingitelelaa it wbpguthe plated

light-emtting device according to claim 14, wherein a

t hhakindate ioforhpmed bfhNiPellope &lce amatley bACul ayer is in a

range of 10 to 200 m

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

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

a light-permeable material layer formed on the p-type semiconductor layer in a region
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21. A nitride sem conductor light-emtting device
according to claim 14, wherein the n-type sem conductor
| ayer, light-emtting |ayer and the p-type sem conduct or
| ayer are pre-divided to an®ndi vi dual device unit on

t he substrate beforehand. 25 22. A nitride sem conduct or
light-emtting device according to claim 14, further 56

co n..o C act ry ,23. A ni.tride
éf;g) %&&’g‘?‘: ﬁlmhglﬁ aéﬁ'uté‘? P%&dd%??%a 8819 ff‘?{énego cl ai m
22, wherein the ohmc contact |ayer is conposed of
155 Amplrige semiadedonighiienitiag devisn agtordipe & clpm 14 Rﬂﬂef@@ the metal
Rh, Ir, Pd, Ag. 24. A nitride sem conductor
| ifgjht Iaﬁen‘i mﬂiﬂnegpld’edimaalqﬂmarade foymtd irch afoss SRpe fitver ierfop Migw on
ohm c contact |ayer has a thickness in a range of 0.1 nm

t QhS3P-t7B se%ﬁcoﬁueﬂo} [dyafe aB@ i 100 Gueiablel thgbiiald8ydr tis figmed on the
device as clained in claim14, wherein the plated netal

< e atedmetal
e e R b A e T e
Cl;ﬁﬁtm 14 yher in the pI ated netal plate is conposed of
ogy0 or analloyofCu 27. Anitride
sem conductor |jght tti,ng VI ce accﬁ?r di ng Cll ai
16328 e hiamicohEio JIEh g, S AHES B Pogeim (14
between the netal filmlayer and the plated netal pIa
2 gightperimaablematerilcioperuis tformed g theepritynei segnieragpeter layer, and the
according to claim 27, wherein the plating adhesion
| aj,g@t-pemmables:ﬁsteﬁfalclamdm eutrowatded Q¥ddayt pasiiajlyt byotheroeta] film layer
which is the sanme as the nmain plating conponent which is

C%H%g@gtegtmég%lgy wei ght or nore in the plated netal
pl ate 9. Anitride sem conductor light-emtting device

172 dﬁ%ﬁl d@g etn?lcgﬁcﬁ'fc% ﬁ%‘osgagi%{g Bt b&or&lﬁg 8! @i a4, Wl)l/ereln a

esion aer scg Ni P al l oy or a Cu all
A net d
gk Lany By T Bl d oh s PR R E RO B trough an

| ayers by stacking at |east an n t
| a%@fmecggry of a tlrangsparent electrocﬁa and t¥1€ %1g?1?—rppe1%:?e%gfé0t Herial layer is

surrounded at least partially by the metal film layer and the plated metal plate.

rein a

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-emitting 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. 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.

22. A mitride semiconductor light-emitting device according to claim 14, further



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

nmetal filmlayer, a plated net® plate on a substrate,
wherein the nmetal filmlayer and the plated netal plate

are forned partially on the p-type sen conductor |ayer,

wher EQIHPHERE #1 ehnigecontagt laperduct or | i ght-enitting device

is a surface emtting device. 57 31. The nethod of

D3, odAchitrileasemitoriddetos éightemiltiieg devite gédording ttd ichgmdE ivierein the
according to claim 30, wherein the nmetal filmlayer and

the phiaicagbntRt RlyePlsadompds&l §04 fBHld SibdtaféLSStal &Elﬁ&eaﬂ 519&3? of Pt,
the top view on the p-type sem conductor | ayer.

met hRg @g Iﬁ{%d g, ] a nitri d_e semn conduct_or

light-em’ttrng ce according to 5 claim 30, wherein

e np-t. sem canduc I,S .formed..on a substrate
i ot R P HE T BB e R POPCHPLYER 1 AT wie oD e
process, of form ng stacked | ayers is erforned, the
n- tyﬂgn@éﬁm@sﬂamﬁvaﬁarﬂa Geress Y agepeed- Eymrte A8VIthg t he
substrate and f the buffer layer. 10 33. The nethod of
. odéaiifmigle ssemiconduiesors Bgliteaomitiingt devidei aghilaieril tin ictgmded ivderein the
according to claim32, wherein the substrate is renpved

by uslated neetd1§5@6 hasSdithickhessTh b hatkef 1pn@dteciongua. ni tride
sem conductor light-emtting device according to any one

. ChAd|ifRc38nli@nddetof UEADShiItEYTBEUS AQoRliRER claliR Al Rherein the

process I'n a tenperature range from 100C To 300C after

for Qt%dtr&?alﬁ)!lat% f‘sﬂ: Hg}eﬁéd & £ aithy él?ﬁ]i m{‘zﬁlog}etf'&d of

pro cing a T conduct or t1ng device

C% B@?‘?Feéﬁ‘i“c oRiien 4 #é{%}ﬁﬁ?ﬁ%c TR %c'cpp%ig,%gf %85 A4, further

sem conductor |ayer in_a region where the netal film

| ay eSONHHIFinEHR pkﬂt@geadlhﬂse@allaya farmed rhetwesn the e, filks layphand the
nmet hod of producing a nitride sem conduct or

| i ghplatedintetdl piptelevi ce according to

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

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.

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 métal film layer, a plated metal
plate on a substrate,
wherein the metal film layer and the plated metal plate are formed partially on the

p-type semiconductor layer,

wherein the nitride semiconductor light-emitting device is a surface emitting device.
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20 claim 35, wherein the netal filmlayer and the plated
nmetal plate are forned in a cross shape fromthe top
view on the p-type sem conductor |ayer. 37. The nethod of
producing a nitride semicond@étor light-enmitting device
according to claim35, wherein the n-type sem conductor
| ayer is fornmed on a substrate through the internediary

f..a buffer layer, and. when the process of fornin )
3y El&@athogfgjrpgg@%a pEH omigon AT ilgﬁﬁfﬁ%l@%ﬂq%%dw&mg to
| ayer is exposed by renoving the substrate and 58 the
bgtafmr30, wherein e metpldilmelayrsdnd theplawd cneigl atapre fograed in a cross
sem conductor light-enmtting device according to claim
3Ehapstfeomitie toh @vicswbs thegt-fype semieondietbriigyensi ng a | aser.
39. The nethod of producing a nitride sem conductor
32| THE e d b Pdddems Geniflieetidadior Bedmigneg Qfvidd AlcbRling to
35 to 38, further conprising a heat-treating process in a
t%[E?zﬁr ture range from100C to 3 00C after form ng the
a

plat'ed hetal plate.

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.

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.

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
claim 335, 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 fofming stacked layers is

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.



