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The present invention relates to a nitride semiconductor light emitting device,
and a production method thereof, and in particular, to a nitride semiconductor light
emitting device comprising a plate layer which suﬂicieﬁtly supports a laminate after

10  peeling a substrate and a production method thereof.
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Provisional Application No. 60/718,738 filed on September 21, 2005, and prioﬁty is
15  claimed on Japanese Patent Application No. 2005-265300, filed on September 13, 2005,
| VJapanese Patent Application No. 2005-312819, filed on October 27, 2005, and U.S.
Provisional Application No. 60/718,738 filed on September 21, 2005, the contents of
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20 . BACKGROUND ART
In recent years, GaN compound semiconductor material has received much
attention as semiconductor material used for short wavelength light emitting devices. A
GaN compound semiconductor is formed on an oxide substrate such as a sapphire single
crystal substrate, or Group III-V compound substrates by a metalorganic chernical vapor

25  deposition method (MOCVD method) or a molecular beam epitaxy method (MBE



2 nethod). A sapphire single crystal substrate has a lattice constant which
differs fromthe lattice constant of GaN by 10% or nore. However, since a
nitride sem conductor having excellent properties can be formed by form ng
on a sapphire single crystal 5 substrate a buffer |layer conprising AN or
Al GaN, a sapRbihésidapl e crystal substrate is wdely usegyFRicA¥aIPl €, as
Is shown in FIG 5, when a sapphire single crystal substrate 1 is used, an
n-type GaN seniconductor layer 3, a GaN2ight enitting |layer 4, and a
p-type GaN senm conductor |ayer 5 are fornmed on the sapphire single crystal
substrate 1m#thadki s order. Since a sapphire single crystal substrate 1 is
insulant, in 10 general, in a device 20 conprising a sapphire single crystal
substrate 1, bot hAsappbigesingle crystabsuibsioate basa latgeqeonstant whieh diﬂ‘pwfwnagm
sem conductor |ayer 3 and a positive electrode 13 forned on a p-type &GN
sem conduct dattiteegomastarii ofiGeN hed 0¥ amede.0 HHomwes sidee ofitddesenéondietor20, as i s
showmn in FIGS. 4 and 5. Exanples of a nethod for extracting light froma
device 20 cQiping skdeflert PRpaEGSS ddn\tR fomebdtyFainivECortd @gphiedassiotysame side
include a face-up 15 rretfgod in which light is extracted fromthe
p- sem conrdu | AR FSI : I ; ;. &
posi ti ve@el gsli:)?s';trg%ea, andﬁr‘{:i&]é;lé‘lln Irlch ‘gmn%lggﬁfﬁ ?%’%ﬁﬁ?@sﬁgﬁﬁgct ed from
t he sapphire_. atg side Usj P f t .1 s Ag as a
%ﬂ?%ﬂggﬁegd Agori e%cgt@%,‘ Elsqgsl'gmg)blg Ii}I(';:r% %E&\nal s\régplrnle k3 gzéj éér?stzﬁ

positive el ec aine ove, “sapp Sing yst al

substrates ar | del sed., 2 weyer | nce sa }re is. i.nsulant, a
sapphire si rﬂjﬁ%’%&@ - A T5EPY gi?gosﬁ‘&ém %W?EOI'TEB’% Ia% ﬁ&tlﬁg’f&‘{ﬁﬂﬁ rIQ‘,’ in order
to formthe negative electrode 12, the n-t em conductor 3 js exposed by
etching the qnﬁawftmﬁiﬂ peeq 9@Prl&yeré§r?@rl§€f§%tiﬁﬁam§@w,lglefla@ fore, the
area of light emtting |layer 4 is decreased by the area_ of the negative
el ectrode 1Zubsimte logtiserdgronSince asspphive singlespsabiupstraig hisdogulast, pvsi ti ve
el ectrode 13 and

10 general, in a device 20 comprising a sapphire single crystal substrate 1, both a negative

electrode 12 formed on the n-type GaN semiconductor layer 3 and a positive electrode 13
formed on a p-type GaN semiconductor layer 5 are positioned on one side of the device
20, asis shown in FIGS. 4 and 5. Examples of a method for extracting light from a
device 20 comprising the positive and negative electrodes on one side include a face-up
15 method in which light is extracted from the p-semiconductor side using a transparent
electrode such as ITO as a positive electrode, and a flip-chip method in which light is

extracted from the sapphire substrate side using a high reflective film such asAgasa

o

positive electrode.
| As i explained above, sapphire single crystal substrates are widely used.

20  However, since sapphire is insulant, a sapphire single crystal substrate has some
problems. First of all, in order to form the negative electrode 12, the n-type
semiconductor 3 is exposed by etching the light emitting layer 4, as is shown in FIG. §,
therefore, the area of light emitting layer 4 is decreased by the area of the negative |
electrode 12, and output power decreases. Secondly, since the positive electrode 13 and

25  the negative electrode 12 are positioned on the same side, electrical current flows



25 the negative electrode 12 are positioned on the sane side, electrical
current flows WO 20071032421 PCT/JP2006/ 318231 3 horizontally, current
density is increased locally, and the device 20 is heated. Thirdly, since

heat conductivity of a sapphire substrate | is |ow, generated heat is not
di ffused, erature of the device 20 increase £ to solve
t hese probl ens, 5]7‘?0 Eﬁﬂgd Is used in which a conductive b?i)sce ﬁ%o@p/?%?_g S

attached to a deV| ce conprising an n-type sem conductor |ayer, a |ight
emtting |layer, and a p-type sem conductor |ayer which are | am nated on a
sapphi re si nigrizontaily tcatrent ety isinereasad tdeally, endithe devites2(sia pedied. e Bhindhl, e
crystal substrate is renoved, and then a positive el ectrode and a negative

el ectrode ar&én@dihi dondedivity oDOéapplsity subgRte Dis lbWggendraed hédt fichok diffuséd, e (For
exanpl e, Japanese Patent (G anted) Publication No 3511970). 10 In addition,

t he conduct|m@@&ﬁ;@}a%@0f&cﬁ%mlme£g§t| ng, not by attaching (For
exanpl e, Japanese Unexam ned Patent Application, First Publi cat i on

2001-274507) . sr3 base
plate is forned b)‘}ﬁg{&f@h@%@}}&ﬁé&%’éﬁffﬁ%@&I?sn g@ﬁledﬁlat e ayer | s ormed to
| nprove hesi bet - 1 pe sem conduct or. t hat
o o b 3 pebletis ik iap oAt bR o v bt afafdt i amiEE * 16
Japanese Une am ned Pat ent Ap i cation,, Fi rs Publ | cati on ,20Q4- 47704{
DI SCLOSURE clopleye VhishR mpa e FAPRbTesiRgl gstel ve base
pl ate incl ude a met hod in V\:hl ch nmetal conpounds having a | ow nelting point
such as AuSnsubstate indtlispsdesthompphitesinglecrydalsubtirateds ramavediangd theaei on net hod
in which a surface to be joined is activated by argon plasma under vacuum
These net hodpositivgelectoderatd atregative elestradetare pesitionediohbeth surfaces of the
resulting laminate (For example, Japanese Patent (Granted) Publication No 3511970).
10 In addition, the conductive base plate is formed by plating, not by attaching (For
example, Japanese Unexamined Patent Application, First Publication 2001-274507).
Jon= 2 USsoor05 5320k
Furthermore, when the conductive base plate is formed by plating, an =~ #3 6677773
intermediate layer is formed to improve adhesion between a p-type semiconductor and a

plating layer, that is, a p-type semiconductor and a conductive base plate (For example,

15  Japanese Unexamined Patent Application, First Publication 2004-47704).

t DISCLOSURE OF INVENTION
Examples of a method for attaching a conductive base plate include a method in

which metal compounds having a low melting point such as AuSn are used as an

20  adhesive, and an activation junction method in which a surface to be joined is activated
by argon plasma under vacuum. These methods require that the surface to be attached
be extremely flat and smooth. Therefore, if there is foreign matter such as particles on
the surface to be attached, the area is not closely attached. Due to this, it is difficult to
obtain a uniform attached surface.

25 In the case of obtaining a conductive base plate on the p-type semiconductor



be extrenely flat and snooth. Therefore, if there is foreign matter such as
particles on the surface to be attached, the area is not closely attached.
Due to this, it is difficult to obtain a uniformattached surface. 25 In
the case of obtaining a conductive base plate on the p-type sem conductor WO
2007/ 032421 RehudR3NQp/ 318231 4 layer by plating, the npihgphosidiEaLs from
few adverse effects fromforeign matter. However, in order to nake a film
made by pl ating which operates as a condgctive base plate, it has to have a
t hi ckness of 10 pmor greater, consequently problenms may arise in adhering
to the p-typayabyelatingthe mathod suffery forg &veadyerseicHfeds fom forgignamadter ont act

cl osely between the conductive base plate and the p-type sem conductor

| ayer, an ohHowevenih ader th ayake a ffitm nelderby plating awbichegerates ad ocomdaktiva basee

p- conductive | ayer, and the conductive base plate is formed on the ohmc
contact | ayeplateyit Pdsab hivg.a thitknbaPefidSen bingrsaer, Sateddehlyprobiomt heghtigin First
Publ i cati on 200447704, 10 adhesion is inproved by formng an internedi ate
layer as a plblifPoRRsRihl LdeiwagRrt he ohmic contact layer and the
conductive base plate (t'he plate layer). In Japanese Unexam ned Patent

Applicatigon, First | | - ' ' 141'9!5
I nter medi%t e | ayer,In %&ﬁﬁbﬁp%@%éézéﬁﬂ%a? &Eﬁ&eﬁ%ﬁ?@@cﬂgﬁ% a ?ﬂatebase film
for a Nl plate is disclosed in the anpl es. weyer, these plating base
1 Tor bl SO FoRISoRelp  ayer wLfARE et HYFCLr b RSe R dt | | of
conducting djligent reseafch that fqcused.on, solving | hese roblens, the
pr esent invef?PB?‘f‘“?@Eﬁti’o’E‘ five laygr, qod fae confRctiyF faremlate Is; @rmedéﬁiﬂietqhﬁ@cdevi ce,
whi ch has hi gh adhesi on between an ohm c contact |ayer and a plate |ayer and
does not catpytachlagriby@lating. obt ai ned by a nitride sem conductor |ight
emtting device conprising at

In Japanese Unexamined Patent Application, First Publication 2004-47704,

10  adhesion is improved by forming an intermediate layer as a plating base film between the
chmic contact layer and the conductive base plate {(the plate layer). In Japanese
Unexamined Patent Application, First Publication 2004-47704, a device comprising an
intermediate layer made of Au or AuGe which functions as a plat;:ing base film for a Ni
plate is disclosed in the Examples. However, these plating base films f01_' plating cannot

15  yield sufficient adhesion.

| As a result of conducting diligent research that focused on solving these
problems, the present inventors found that a nitride semiconductor light emitting device,
which has high adhesion between an chmic contact layer and a plate layer and does not
cause peeling, is obtained by a nitride semiconductor light emitting device comprising at

20  least an n-type nitride semiconductor layer, a nitride semiconductor light emitting layer, a
p-type nitride semiconductor layer, an ohmic contact layer, and a plate layer laminated in
this order, wherein a plate adhesion layer is formed between the ohmic contact layer and
the plate layer, and the plate adhesion layer is made of an alloy comprising 50% by mass
or greater of a same component as a main component of an alloy contained in the plate

25 layer. That is, the present invention provides the following nitride semiconductor light



20 least an n-type nitride sem conductor |ayer, a nitride sem conductor
light emtting |ayer, a p-type nitride sem conductor |ayer, an ohmc
contact layer, and a plate layer lamnated in this order, wherein a plate
adhesion layer is forned between the ohmic contact |ayer and the plate

layer, and t g phaissesadhesion layer is made of an all oy C#E‘f‘fﬂirio%kf 150% by
mass or greater of a same conmponent as a main conmponent of an alloy

contained in the plate 25 layer. That is5 the present invention provides the
following nitride sem conductor |ight WO 2007/032421 PCT/JP2006/ 318231 5
em tting devémittingdedicesrandpredustiommethedssharendy eof . (1) A nitride sem conductor
light emtting device conprising at | east an ohmc contact |ayer, a p-type
nitride sem ¢gYnducA nitrideaymiconducortlighitemittiegdedeechontprisingiagleast amwbhmicng | ayer,
and an n-type nitride sem conductor |ayer, which are |am nated on a plate

| ayer, 5 whegditdet Rydt] Bp-eypaaitgide Sumibaidedion 1ayer,arikide behioBRRcloNBgR BAliting ONt act
| ayer and the plate |ayer, and the plate adhesion |ayer is nade of an all oy

conpri sing SPyedydR% i tof 138 WhicA TRARGHated %?mém ponent
of an all oy coy/enr%)ai ned Tnh It11 eepl at en&fcayea?. (2) The nitri g em cgﬁguct or

| i ght 1 Eti ' ' . ' . ' th | at
LN o4 e e BREREA DM S benf 1B i Rl o B Bl P
1 tti devj ' t 0. wh ip t | at.e | ' d f Ni P
o oy "0 TSt SRR b Bishbier BraeF e ey P toe SRk BestRt ng 1o (4),
wherein the .plate layer is rradeof_CuoraOiJaIIo. 15 (5) . The nitride
seni conduct oBFERELHR SafF COPAeLas A BAIR EURRFRE S ?%alé@ﬁl“;mms atheplle plate

adhesion layer is made of a NNP alloy. (6) The nitride sem conductor |ight
emtting devla¥®& according to (4), wherein the

2 The nitride semiconductor light emitting device accordiﬁg to (1), wherein a
10 thickness of the plate layer is in 2 range from 10 pm to 200 pm.
(3) The nitride semiconductor light emitting device according to (3), wherein the
plate layer is made of a NiP alloy.
4) The nitride semiconductor light emitting device according to (4), wherein the
plate layer is made of Cu or a Cu alloy.
15 ' (5) The nitride semiconductor light emitting device according to (3), wherein the
plate adhesion layer is made of a NiP alloy.
(6) The nitride semiconductor light emitting device according to (4), wherein the
plate adhesion layer is made of Cu or a Cu alloy.
N The nitride semiconductor light emitting device according to (1) or (2), wherein
20 athickness of the plate adhesion layer is in a range from 0.1 nm to 2 pm.
(8) The nitride semiconductor light emitting device accordin_g to (1) or (2), wherein
the ohmic conta;:t layer is made of at least one selected from the group consisting of Pt,
Ru, Os, Rh, I, Pd, Ag, and alloys thereof.
® The nitride semiconductor light emitting device according to (1) or (2), wherein

25  athickness of the ohmic contact layer is in a range from 0.1 nm to 30 nm.



pl ate adhesion layer is made of Cu or a Cu alloy. (7) The nitride

sem conductor light emtting device according to (1) or (2), wherein 20 a

t hi ckness of the plate adhesion layer is in a range from0.1 nmto 2 pm (8)
The nitride sem conductor light emtting device according to (1) or (2),
wherei n t hewghwgymseant act | ayer is made of at | east onepgelipgb@sigisiom t he
group consisting of Pt, Ru, Gs, Rh, Ir, Pd, Ag, and alloys thereof. (9) The
nitride sem conductor |ight emtting devﬁce accordl ng to (1) or (2), wherein
25 a thickness of the _ohm c _contact_|ayer nmto 30
nm WO 2007/ 68242 ﬂhpmmﬂmm%ﬂmﬂlghbe@m dﬁﬁ@e ﬁ‘?"f’%n“&'et"s‘,@rﬁ"é%h&’bﬂeﬁ’r | i ght
emtting device according to 1) or @Aw\/\hereln a reflective layer is nade
of Ag or a Agreflettvg laysr isopade o Aaomég is fergned gv they alipnée contapt Jayer. met hod for
producing a nitride sem conductor light emtting device conprising:

| ami nati ng afl1) east mathbdifdr@roducisg a nitade sentigapdudtortlightiemittingideogeuct or | ayer, a
5 nitride sem conductor light emtting |layer, a p-type nitride sem conduct or

| ayer, an ohga ﬁsﬁ?ﬂlaﬂﬁiaﬁh@ﬂﬁéast byt taren i f 8yp@mitridy Smicaiddctor Byat# | ayer on
a substrate na an oxide single crystal or a sem conductor single

crystal ig tﬂi'u%de%xﬁﬁbn&d&ﬁﬂhgﬁ% 8 14vPE a pUPS diffde serfibshdubir géﬁﬁ{oﬂ:ﬁxer and

then formng el ectrodes he net hod for producing a nit

duct h | at
Zﬁﬂ‘e‘;f’gn”faﬁé@t%cgﬁ%ef%%&béﬂegﬁégﬁ m’f@agﬁfe“%‘% g ﬂ*%f&%*%ﬁd% ifle o7 P
produci ng a nit

r|de em conduct | 9y lce acc d|n to(ll)
b (12)  Cwher Belh e e BRpAir sk i g iee o BRE B Py
met hod. (14) d for oduci ng tride sem conductor |Ii ght emtting
devi ce 15 ac%{}g?@qg‘yﬁlﬂ’} @Fﬂ?@)ﬂge&ﬁ?&? *n the plate layer is formed by an
el ectrolysis plati
Y (12 p} Th% method for producing a nitride semiconductor light emitting device

10 according to (11), wherein the plate adhesion layer is formed by a sputtering method.
(13)  The method for producing a nitride semiconductor light emitting device
according to (11) or (12), wherein the plate layer is fonmed by an electroless plating
method.

(14)  The method for producing a nitride semiconductor light emitting _device

15 lacqording to (11) or (i2), wherein the plate layer is formed by an electrolysis plating

method.

(15)  The method for producing a nitride semiconductor light emitting device

s

according to (11) or (12), wherein after forming the plate layer, the obtained product is
heated at a temperature in a range from 100°C to 3060°C.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view showing a cross-sectional structure of the nitride semiconductor
light emitting device of the present invention.
FIG. 2 is a view showing a cross-section of a laminate comprising a substrate

25  and aplate layer used for forming the nitride semiconductor light emitting device of the



met hod. (15) The method for producing a nitride sem conductor |light emtting
device according to (11) or (12), wherein after formng the plate |ayer,

t he obtained product is heated at a tenperature in a range from 100C to
300, C. 20 BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a view showing a

-Cross-secti QpghpeshiMgt ure of the nitride sem conductor pighgomdni Ng
device of the present invention. FIG 2 is a view showi ng a cross-section of

a lam nate conprising a substrate 25 angl a plate |ayer used for formng the
nitride sem conductor |ight emtting device of the WD 20071032421

PCT/ JP2006/ 3t@e@lnvertiopr esent invention. FIG 3 is a view showing a
cross-section of a lamnate conprising a plate |layer which is obtained by
processi ng the | afiGatiea elemzhowinga ceosssésivn af elaatimhtacopismglapyee layshown in
FIG2. 5 FIG 4 is a plan view show ng one exanple of a conventional nitride

seni conduct GyhitH B ldbtadi¥l by phgedmigiteElamblate mipiisiag 6 kEsEae afd b pRR) laydrew al ong
the line A-A of FIG 4. ~BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 10 The

enbodi nent s (it Beriey €sent invention will be explained with references to
the figures. wever, the present invention is not limted to the foll ow ng

mbodi d, : . ' | £ol | ow
cmbodi mont s, Fia’ Fige 5 GRR ey SNl on8 cEREN BRI MRelond BRAP, | 2707 e

nitride semsg%lcgggﬁc%rrﬁgl:\%e%}hin%rgc;gigé.ng devi ce of the present invention.

FIG. 5 is a cross-sectional view along the line A-A' of FIG 4.

BEST MODE FOR CARRYING OUT THE INVENTION
10 The embodiments of the present invention will be explained with references to
the figures. However, the present invention is not limited to the following embodiments
and, for example, may be a combination of the following embodiments.
FIG. 1 is a view showing a cross-sectional structure of the nitride semiconductor
light emitting device of the present invention.
15 The nitride semiconductor light emitting device 10 of the present invention
comprises a plate layer 9. A plate adhesion layer 8, a reflective layer 7 which is a Ag
{ film having a thickness of 30 nm, an ohmic contact layer 6 which is a Pt film having a
thickness of 1.5 nm, a p-type nitride semiconductor layer 5 which functions as a
contacting layer and is a Mg-doped p-type GaN layer having a thickness of 150 nm, a
20 nitride semiconductor light emitting layer 4, and an n-type nitride semiconductor layer 3
which functions as a contacting layer and is a Si-doped n-type GaN layer having a
thickness of 5 pm, are laminated on a surface of the plate layer 9 in this order. On the
n-type nitride semiconductor layer 3, a negative electrode 12 is formed via a transparent
electrode 11. On another surface of the plate layer 9, a positive electrode 13 is formed.

25 | The nitride semiconductor light emitting layer 4 comprises an n-type Ing ;GapolN



15 The nitride sem conductor light emtting device 10 of the present

I nvention conprises a plate layer 9. A plate adhesion |layer 8, a reflective
| ayer 7 which is a Ag filmhaving a thickness of 30 nm an ohm c contact
layer 6 which is a Pt filmhaving a thickness of 1.5 nm a p-type nitride
-sem conduct oo A¥Hlz2431 Wi ch functions as a contacting Iq,)tthﬁ;agﬂsgl

My- doped p- type GaN l'ayer having a thickness of 150 nm a 20 nitrid

sem conductor light emtting |ayer 4, ang an n-type nitride sem conductor

| ayer 3 which functions as a contacting |layer and is a Si-doped n-type GaN
| ayer havi ngelad layérihaking @ shickneSs ofi 30z aimaiti-wellstrugnreavhiclr is abtained by he pl at e
layer 9 in this order. On the n-type nitride sem conductor |ayer 3, a

negative el clainieting d Bi ddcpell Galeshnidrdayer dndandpaGagiN well byér tading hihickesainot her
surface of the plate layer 9, a positive electrode 13 is forned. 25 The

nitride sem gONSEGIRE tined Ynd Sililler iaRfndtiay Be 91 J6MIOGAS BEridilagtr bR | nO, | Gao. ON
WO 20071032421 PCT/JP2006/318231 8 cl ad | ayer having a thickness of 30 nm

armltl-vvell bgpg i) d GaN
barrier | ayer IIJWefl %&%d awwp qu%/ rRavi P]ﬂ%wd %:egw?enssg’%gf 2.5 nm
five ti , andf rri l,a t he
| no2Gao. vveI | Ia 5 r %%? y‘ao a’b Qﬁéjm%g%g ygﬁﬁfnéfl%éﬁ&%%r
this order. c contact er and, the, reflective Iayer
7 made of AgP E" gg}ﬁam‘f%ag Bﬁ‘fﬂ’é?x Q?Tg&ﬂﬂgtﬁg&’c Popsddds for Pt and Ag
are formed by a conventional photolithograpy and liftoff technique. FIG 2
is a view shesuverionalphetolithograpy apd WRofhterhgueat e conprising a substrate and
a plate layer used for formng the nitride sem conductor light emtting
device 10 of 10 tHE Pisesdew showirgn ¢res:seqtinn afaduminete coopyivinga stpsmatg ubst r at e
and a plate | ayer conprises the substrate 1 made of sapphire, the n-type
nitride seni awiwplat dayet uspd forFomiihg theinitriddemicgedictoniight ¢roitting @hiceéﬁioft i ng
| ayer 4, the p-type nitride sem conductor |ayer 5, the ohmc
10 the present invention. The laminate comprising a substrate and a plate layer comprises
the substrate 1 made of sapphire, the n-type nitride semiconductor layer 3, the nitride
semiconductor light emitting layer 4, the p-type nitride semiconductor layer 5, the ohmic
contact layer 6, the reflective layer 7, the plate adhesion layer 8, and the plate layer 9 are
formed on the substrate 1 via the buffer layer 2. After producing the laminate
15 comprising a substrate and a plate layer having such a structure, the substrate 1 and the
buffer layer 2 are removed by polishing to produce a laminate comprising a plate layer
102 shown in FIG 3. Then, the nitride semiconductor light emitting device 10 having a
structure shown in FIG 1 is produced by forming electrodes on both surfaces of the
laminate comprising a plate layer 102.
20 Examples of matertal for the substrate 1 used to produce the laminate 101
comprising a substrate and a plate layer include oxide single crystals such as sapphire
single crystal (Al;Os; A plane, C plane, M plane, and R plane), spinel single crystal
(MgAL04), ZnO single crystal, LiAlO; single crystal, LiGaO; single crystal, and MgO
single crystal; and conventional substrate material such as Si single crystal, SiC single

25 crystal, and GaAs single crystal. These materials can be used for the substrate 1



contact layer 6, the reflective |layer 7, the plate adhesion layer 8, and the
plate layer 9 are forned on the substrate 1 via the buffer layer 2. After
produci ng the lam nate 15 conprising a substrate and a plate |ayer having
such a structure, the substrate | and the buffer layer 2 are renoved by
polishing towpneshuasize | am nate conprising a plate |ayer pct@eoedadri N FI G
3. Then, the nitride sem conductor |ight emtting device 10 having a
structure shown in FIG1 is produced by $orm ng el ectrodes on both surfaces
of the lam nate conprising a plate Iaé,{er 102. 20 ExanBI es of material for

t he subst r atwithoutgwlimitationo d $dhen e gendughye fgbdratepnch saRybsteataygade of HiS iy at e and
a plate layer include oxide single crystals such as sapphire single crystal
(A1203; A plusadas tBe phtatrate 1Mt i ravh egcessacy tRrgrheusdhe subgivatecivheni produsingraylight|

(MJAI 204), ZnO single crystal, LiAIQ2 single crystal, LiGaQ2 single crystal,
and MJO si nghigtingrd¢sica bompribingoeitie 8 hndeghti wldbtrodes on athauifades theedof.as Si
single crystal, SiC single 25 crystal, and GaAs single crystal. These
materials caloRsver $ifde b BLfSyes WhithiPinSuldting@amidPdd @3 4ndlcrbéidls PR9061318231

9 wi t hout any [imtation. When a conductive substrate such as a substrate

made of §C ﬁiﬁide%éﬁ.@oﬁ&[o?%y?ﬁ%?%%ﬁ&em} layet aftQlecfARGE 3 8hYerlifingeTOVE the

substrate when producin emtting device Conprisirng positive and

negati ve el egtraode n, bt h surfaces er . :S|,NC buffer |ayer
Which 1s i nolmiseranng Shliet eRo R e b Suerd, "B R T Rl

sem conductor_| ayer .grown on the buffer |ayer are degraded..a lLi.ght emtting
dovi ce havi VR EACERAa e TS e ety Sen Mot EEURtHESIC Popd bt he
present invention it isS necessary to renove the substrate even when
conducti ve dortgsubstrated.ysed for the substrate 1. The buffer layer 2 is
formed to mtigate the effects of stress due to msmatch of 10 the lattice
constants of the Simsdbuffenlayer 2anfprmedtomitiggie theieffesizief sirassidue tmmismsichiofyer 3.

For

10  the lattice constants of the substrate 1 and the n-type nitride semiconductor layer 3. For
example, when a crystal Jayer made of GaN is formed on a substrate t made of sapphire
single crystal, the lattice constant of _sapphite single crystal and the lattice constant of
GaN differ by 10% or more. In order to improve the crystallinity of GaN, materials
having a lattice constant between the lattice constants of sapphire single crystal and GaN,

15  such as AIN and AlGaN are used for the buffer layer 2. In the present invention, AIN
and AlGaN are, of course, used as the buffer layer 2 without any limitation.

i On the buffer layer 2, a senﬁcohductor light emitting structure is formed. The
laminate 101 comprising a substrate and a plaie layer shown in FIG. 2 comprises a nitride
semiconductor, and specifically, the n-type nitride senﬁc‘:onductor layer 3, the nitride

20  semiconductor light emitting layer 4, and the p-type nitride semiconductor layer 5. Any
conventional light emitting structure such as a double hetero-structure (DH), quantum
well structure, or multi quantum well structure can be used in the present invention.

As a nitride semiconductor, many semiconductors denoted by the general
formula: AlIn,Gay .y N (0=x<1, 0=y<l, and xty<l)areknown. In the present

25  invention, nitride semiconductors denoted by the general formula can be used without



exanpl e, when a crystal |layer made of GaN is forned on a substrate | nmade of
sapphire single crystal, the lattice constant of sapphire single crystal
and the lattice constant of GaN differ by 10% or nore. In order to inprove
the crystallinity of GaN, materials having a lattice constant between the
| attice consianigsr@hsxgapphire single crystal and GaN, 15 mugr@ssAkN and

Al GaN are used for the buffer layer 2. In the present invention, AIN and
Al GaN are, of course, used as the bufferid ayer 2 without any limtation. On
the buffer layer 2, a sem conductor light emtting structure is formed. The
| am nat e 101 agplpitateinng a substrate and a plate |layer shown in FIG 2
conprises a nitride sem conductor, and specifically, the n-type nitride
sem conduct or | ayePro@yctibh enettiotls fotl theRnisidesentioshdattors dre goitlingitadt t Thg | ayer 4,
and the p-type nitride sem conductor layer 5. Any conventional |ight

em tting str pedssht vehtidh @Ak use ADHBthedsRailich age BiownCds Wiethddoidr gréivimpt um  wel |
structure, or nmulti quantumwel| structure can be used in the present

. tion. o : : el by th
gonor al * 1 or Gy fibfie sSRELARMHEN o HERME RN Do RRLEER T 1 1
on 0 om : R . I
formul a oan BERPSTMRTN L byt s pRBE sOR HEVPE R of BRY s il R 10"
limtation. Productj t hodg f t .nitrid ] uct t
it od The PeRdbE: bioe Bree Brinducroithor Mepins ag g AL Lo og fifeste

met hods for growmng .Goup-lLIIl nitride sem conductors such as the

met al or gani coéﬂ@hwaﬂmﬁawpd%mw%@@%fﬁ% -(MOCVD), hydride vapor phase
epi taxy (HYPE), or nol ecul ar beam epitaxy nmethod (MBE). Anong these, from
the point of view WherMQGHPiswsed ta grodice theaitride sepreenstuctgy, itds prefergblethat mass

productivity, MOCVD is preferable. Wen MOCVD is used to produce the nitride
seni conduct ohydiogen (82 porarfiteogeh (13;) tbh ased as a carrier gas; that trimethylgallium (TMG) or

10  triethylgallium (TEG) be used as a Ga source which is a group-1II source material; that
trimethylaluminum (TMA) or triethylaluminum (TEA) be used as an Al source; that
trimethylindinm (TMI) or triethylindium (TEI) be used as an In source; and that
ammonia (NH3) or hydrazine (N2Hy) be used as a N source which is a group-V source
material.  As an n-type dopant, for example, monosilane (SiHy) or disilane (Si;Hg) is

15  preferably used as a Si source, and germane (GeHy) is preferably used as a Ge source.

As a p-type dopant, for example, biscyclopentadienyl magnesium (Cp,Mg) or

A

bisethyleyclopentadienyl magnesium ((EtCp),Mg) is used as a Mg source.

The ohmic contact layer 6 is used for ohmic contact between the p-type nitride
semiconductor layer 5 and the reflective layer 7, and is required to have a smali contact

20 resistance to the p-type nitride semiconductor layer 5. With respect to the contact

resistance to the p-type nitride semiconductor layer 5, elements of the platinum group
such as Pt, Ru, Os, Rh, Ir, or Pd or Ag, or alloys thereof is preferable as material for the
ohmic contact fayer 6. Among these, Pt, Ir, Rh, and Ru are more preferable, and Pt is
most preferable. ' When Ag is used for the ohmic contact layer 6, excellent reflectivity is

25 obtained. However, there is a problem that the contact resistance of Ag is higher than



hydrogen (H2) or nitrogen (N2) be used as a carrier gas; that
trimethylgallium (TM5 or 10 triethylgallium (TEG be used as a Ga source
which is a group-111 source nmaterial; that trinethylalum num (TMA) or
triethylal um num (TEA) be used as an Al source; that trinmethylindium(TM)

or triethyli @@ 409/63384) be used as an In source; and thatp-rAPTRO @234 NH3) or
hydrazi ne (N2H4) be used as a N source which is a group-V source naterial.

As an n-type dopant, for exanple, nonosillane (SiH4) or disilane (Si2H6) is
15 preferably used as a Si source, and _gernmane (GeH4) is preferably used as
a Ge sour ce. thapef B pThegefareqBishe mashpreferablpmaeria)iforihe ohupie sonant &3yt 6.-magnesi um
(Cp2My) or bisethylcycl opentadi enyl magnesium ((EtCp)2My) is used as a My
source. The HoweeercAgtandie usedindedcéssn whish aflow conadt cesistmtarstmobeeuieah t he
p-type nitride sem conductor layer 5 and the reflective layer 7, and is
requi red to have dl'osmablly oltaintadew cotit reiianta theahicknekhef the dlyimie conthdti de

sem conductor layer 5. Wth respect to the contact resistance to the p-type

nitride seni pOAWEpRferhilY 0/l it oSrENBNANY hdre bREerMbIRl nRLEP BéM4P [Such as Pt,
Ru, Gs, Rh, P? oerd oryAg, or]eéglloys thertgof is?pref erable as material for

the ohmg Cg%gé\gtﬁr, %vﬁéﬁe&le RrickhBR PP HeRBRFo cotact afer 6781 nﬂlgtg R tei!

pref erabl e, s nost preferable. Wien Ag is use r the ohmc

contact |aye || e ivity is 25 obtained. However, there is a
probl em t hat ‘E‘E‘}%tg%‘%@é&&r‘é’é?é ReL of Ag is higher than WD 20071032421

matorial for o CTRFEAGRH ier Ieagbt Ab AbGhat oy beRE i e T oFibtioy | cos
cont act T esi OBBRGBIAAReL hi ok BLCAWIE ALIEDEHTFRCIY ek P by B B BRb T r abl y
0.1 amor greater, and nore preferably 1 nu or greater. In 5 particular,
when t he t hi Bftiths visile thalterale waselengths. | Ipatis,ginee light fgempthe giteda er | a
uni form contact resistance can be obtai ned.
10  semiconductor light emitting layer 4 is sufficiently reflected, a high-powered device can
be produced using the reflective layer made of Ag, Al, or an alloy thereof. In addition,
when the reflective layer 7 is made of Ag, Al, or an alloy thereof and the ohmic contact
layer 6 is made thin enough for light to pass through, sufficient reflected light can be
obtained in addition to obtaining an excellent ohmic contact. Therefore, a high-power
15 device can be produced.  The thickness of the ohmic contact layer 6 is preferably 30 nm
or less, and more preferably 10 nm or less. When the ochmic contact layer 6 has a
{ thickness in the preferable range, sufficient light passes through the chmic contact layer
6.
The production method for the chmic contact layer 6 and the reflective layer 7 is
20  not limited, and examples of the production method thereof include conventional
sputtering and deposition methods. |
The plate layer 9 is formed on the ohmic contact layer 6 via the plate adhesion
layer 8.
The plate adhesion layer 8 is made of an alloy comprising 50% by mass or

25  greater of the same component as the main metallic component of an alloy contained in



The reflective layer 7 made of Ag, A, or an alloy thereof may be formed on
the ohmc contact |ayer 6. Ag and Al have a higher reflectivity than Pt,
It, Ro, Ru, Gs, and Pd in the visible to ultraviolet wavel engths. That is,
since light fromthe nitride 10 sem conductor light emtting layer 4 is

suf fici entl ywopebdasigd, a hi gh-powered device can be prodygpfediakitg t he
reflective | ayer made of Ag, A, or an alloy thereof. In addition, when the

reflective layer 7 is nade of Ag, A, onzan alloy thereof and the ohmc
contact layer 6 is made thin enough for light to pass through, sufficient
refl ected | iththplatedayeb®. Fdrteaample, whenalatoplete tayen Dis annda brielegtrelessd¥ib pldtiogt ohmi ¢
contact. Therefore, a high-power 15 device can be produced. The thickness of
the ohm c caiticadlie haiy esmpodent qftles phatablyyr B8 Nijthe plateladBesjondaykr 8us mada 6ff er abl y
10 nmor |ess. Wien the ohm c contact layer 6 has a thickness in the

preferabl e RARER comipribing 56% by mabf Wisaesaih bordp@bnt! N Afafion, Geplact | ayer
6. The production nethod for the ohmc contact |layer 6 and the reflective

ayer 705 o alde B P e RIREPY RIS LBl e RO cof

i ncl ude conventi ona puttering and position The plate Tayer 9
is formed o e .ohm,c contact.| aver wiha the | I r, 8. The
O at o koot B AuesR HEER isyBOrE preferitf maliE b LT, Bl corfbia D
greater of the same. conponent as the_main netalli.c conponent of an all oy
cont ai ned i ﬁ“% éﬁeﬁe@ﬁ@e P@PPWEG&B?‘%&%?%COW%% 33{%3 §U3IFY9. For
exanple, when the plate_ layer 9 is nmade by el ectroless NP plati n(g, si nce
the main corfPPABat ol ardes g praducejadguice baving qyeelleptpropiriese it ineiletivio] ayer 8 i s
made of a nmetal conprising 50% by nmass of Ni as a main conponent. In
addi ti on, t Hempheipdate adhiesion bayier Shefore Sormingfthe plpteyayso by usiag the same elloy s a
secondary conponent of Ni p. That
that composes in the plate layer 9 so as to contact closely.
10 In order to obtain excellent adhesion, the thickness of the plate adhesion layer 8
is preferably 0.1 nm or greater, and more preferably 1 nm or greater. When the
thickness of the plate adhesion layer 8 is adjusted to 0.1 nm or greater, uniform adhesion
can be obtained.  Although there is no upper limit to the thickness of the plate adhesion
layer 8, it is preferably 2 nm or less from the point of view of productivity,
15 The production method for the plate adhesion layer 8 is not specifically 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 plate adhesion layer 8. After forming
20  the plate adhesion layer 8 having high adhesion as is explained above, the plate layer 9
having a large thickness is formed. -
Since the plate layer 9 is a support base for supporting a main part of the light
emitting device 10, it is necessary to have enough thickness and strength to support the
main part of the light emitting device 10. That is, the plate layer 9 is a plate substrate

25  for supporting the light emitting structure.



51is, the plate adhesion layer 8 is nore preferably nade of the sane all oy
as that contained in the plate |layer 9. The proportion of conponents
contained in the alloy is not very inportant. In order to produce a device
havi ng excel l ent properties, it is effective to formthe plate adhesion

| ayer 8 bef okso #00fm92ing the plate |ayer 9 by using the sang@ivhéysidhat
conposes in the plate layer 9 so as to contact closely. 10 In order to

obt ai n excel l ent adhesi on, the thicknessi®pf the plate adhesion layer 8 is
preferably 0.1 rimor greater, and nore preferably 1 nu or greater. Wen the
t hi ckness of the pB@théleauﬂe@inhtingmlmofﬁlsadﬁtmﬂtawu*@ﬁwPlOduﬁlngtl'lcpg!ﬁteat er,
uni form adhesi on can be obtained. Al though there is no upper limt to the

t hi ckness of ldyke9.pl When deldtrddse platihgiy esedSif isi prefemblerte aser alSiP\alldy.nnWen | ess from
t he point of view of productivity, 15 The production nethod for the plate
adhesi on | ay glecolisis plefingSiB@sdd! it ¢eprbferablied 4Ly ot Ou k3Pl es t hereof incl ude
a conventional sputtering nethod and deposition nethod. Since sputtered

par ti cl es having hinGhad R indbdih il Stdofer @ burpoRfig adcDrtl Milhribsd dfief 1 1 the

sputtering method, it is possible to forma filmhaving hig esi on.

Therefores a I ' r : : e
adhesi on ?ayglra%gg&i?tleﬁ%feg?ﬁw?gg@%rg{?gﬂ;‘gl Qf@gﬁigyégﬁ 1% %{9@1&% é;é/llggﬁg hi gh
adhesion as s expl ai ned ahove h ate | ayer.9 _.havi,ng a la t hi ckness
e Formed- - sifteed Pty Bt bty ededin Bt 08 HoPtads pRREHY " o n
part of the Light mtting device 10, it is necessary to have enough
t hi ckness anaogt’*‘i"é)ﬁ to support the main part of the light emtting
device 10. That is, the plate layer 9 is a plate substrate 25 for
supporting the | i gReformlatingniy isqreforebla tedesmpsoantywahihesurisent exdas/ 318231
13 Both electroless plating and el ectrolysis plating are used for producing
the plate | aghesiog laygh&nsing wbiebulse@seupalaiémgerﬁt% dse%i,iﬁdm itisalgrppeferablyl e t o
use a NP alloy. Wen

10 to chemically etch the surface of the plate adhesion layer 8 using acids such as nitric acid

to remove a natural oxide film on the plate adhesion layer 8.

| ‘When the plate layer 9 is a NiP plating, the plate layer 9 may be formed by
electroless plating using a plating bath comprising a source of nickel such as nickel
sulfate and nickel chloride, and a phosphorous source such as hypophosphite.

15 Examples of a suitable commercialized product of a plating bath used in electroless
plating include NIMUDEN® HDX marketed by Uemura & Co., Ltd. The pH of the
plating bath during electroless plating is preferably in a range from 4 to 10, and the
temperature thereof is preferably in a range from 30 to 95°C.

When the plate layer 9 is Cu or a Cu alloy plate, the plate layer 9 may be formed

20 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

25 A/dw®. Inaddition, in order to make the surface smooth, a leveling agent is preferably



el ectrolysis plating is used, it is preferable to use Cu or a Cu alloy. In
order to maintain sufficient strength for a supporting base, the thickness
of the 5 plate layer 9 is preferably 10 mor greater. If the plate |layer 9
is too thick, the plate layer 9 easily peels and productibility decreases;

t herefore, t{he de/ekress is preferably 200 mor |ess. Bgifig09b/aulsbd3g, it IS
preferable to degrease and wash the surface of the plate adhesion |ayer 8

using wi dely used neutral detergents. In4addition, it is also preferable 10
to chemcally etch the surface of the plate adhesion |ayer 8 using acids
such as ni t raddeditsithe platingbative Examplesphd cosunereializadiproshct ¢fs lpyeling agathesi on

| ayer 8. When the plate layer 9 is a NNP plating, the plate |ayer 9 may be
formed by ehksedfuchide BTNl -aAt dnd g TN 1 8By marketed by Aipnbat & Goonpdi si ng a source of

ni ckel such as nickel sulfate and nickel chloride, and a phosphorous source

such as hypophosph bifer thimproasniiesiondf the platet 1ajr  t6 phitcidietisethyarfHdtuct of a
plati ng bath used in electroless plating include NI MJIDEN9 HDX mar keted by

Uenura & 0. phdrdabld ReheRt it th%lbfaieolﬁiféi‘g.id n%@ﬁéﬂhh’%kﬂ@etﬁﬁé@tﬁk‘?& ﬁ?&riﬂlﬁt ing is

preferably in"a range from4 to , and the tenperature thereof iIs

Bl Toy. i e e, Btateiiaf | 0X5a00 50 & pfove fRlich ey il (bR o, 7™

o at tng bat Rt R AarR byt S o P e SO0 et i ¢ ¢ e
oreterably in a  AHGE TR Bt DR he AP WO bPaBPySOHIE R at ur e
(25C). The current density is referably in a_ range from0.5 to 10 A/ dng,
and rore pr ethe bufierjayen2 o pradure tﬁl‘)erlé’mnﬂtetlgg gomprisipgiaplate|layer shavn IBKIGi h or der
to make the surface snooth, a leveling agent is preferably WO 2007/ 032421
PCT/ JP2006/ 38smaies of aemoving methods for the substrate 1 include any conventional methods
10  such as polishing, etching, or laser-lift off.
After removing the substrate 1, the buffer layer 2 is removed by polishing,
etching, or the like, and the n-type nitride semiconductor layer 3 is exposed as is shown
inFIG. 3.
After that, the negative electrode 12 is formed on the n-type nitride
15 . semiconductor layer 3. As the negative electrode 12, negative electrodes having various
compositions and structures are known. In the present invention, conventional negative
electrodes can be used without any limitation. For example, in order to apply voltage to
the entire surface of the n-type nitride semiconductor layer 3, the transparent electrode 11
such as ITO is formed, and then the negative electrode 12 comprising Cr, Ti, and Au
20  Ilayers is formed, as is shown in FIG. 1.
As the positive electrode 13 formed on the plate Jayer 9, various positive
electrodes comprising Au, Al, Ni, Cu, and the like are known. In the present invention,
conventional positive electrodes can be used without any limitation.

In this way, a nitride semiconductor light emitting device, which comprises

25  positive and negative electrodes with high adhesion, which can output high power, and



added to the plating bath. Exanples of a commercialized product of a

| evel i ng agent used include ETN-1-A and ETN- 1-B, marketed by Uenmura & Co.,
Ltd. In order to inprove adhesion of the plate layer 9 to the plate adhesion
|l ayer 8, it is preferable to heat treat the plate layer 9. The heat

treatment t htosdssy 1S preferably 5 in a range froml 0 to
i nprove adhesi gn.PF}f'ﬁt he heat tenperature is nore than 3 gﬁgp‘! ?ﬁ%sgéhesi on

may be fiuther inproved, but ohmc propgkties may be degraded. After
formng the plate layer 9, the sapphire substrate 1 is renoved together with

the buffer |wiyieh dekshét geh@ieheat] Bprddatédnat e 102 conprising a plate |ayer
showmn in FIG 3. Exanples of renoving nethods for the substrate 1 include

any conventional nmethods 10 such as polishing, etching, or laser-lift off.
After renoving the substrate 1, the buffer layer 2 is renoved by polishing,
etching, or I&ﬂﬁ:}?lléske’ and the ii-type nitride sem conductor layer 3 is
exposed as is shown in FIG 3. After that, the negative electrode 12 is

formed on the n-t nitride 1 em copgduct. o aver .3 he negative
el ectrode 12, negégﬁ’\‘ivep@%é‘?& Fﬁ%@“’ﬁﬁ\?f’ﬁg‘e t?ﬁﬁeo{fgﬂm@g%géfﬁh?ons and
structur&s aitip@étice dddoidii 16 BRRENent ilvatién #ill boaxpleivdivithal negative
el ectrodes can be used without any limtatjon. For exanple, in order to

appl y vol t ageferesce ofexamples ped GomparativedixamRpiesn -t ype nitri de seni conduct or

| ayer 3, the transparent electrode 11 such as ITOis forned, and then the
negati ve el ectrode 12 conprising Cr, Ti, and Au 20 layers is forned, as is
shown in FICTE: 1 léd‘ls the positive electrode 13 forned on the plate | ayer 9,
vari ous posi ¥R &l ect r odes conpri si ng An, Cu, and the like are

A, N,
O B RET SRtk e, BORYTO S50 AR i STt T,
P G adiS | oh SRR T oD Aopcre §rerSeviEs o tafaess of S fan, and annype 0o 1
' IngGapsN cladding layer having a thickness of 30 pm were laminated in this order.
Then, a light emitting layer having a multi-well strucﬁe, in which a Si-doped n-type
GaN barrier layer having a thickness of 30 nm and an Ing 2Gag gN well layer having a
thickness of 2.5 nm were laniinated five times, and then the barrier layer was laminated,
15  was laminated on the cladding layer. After that, a Mg-doped p-type Alp 07Gag 93N
-cladding layer having a thickness of 50 nm and a Mg-doped p-type GalN contacting layer
having a thickness of 150 nm were laminated successively on the light emitting layer.
Then, a Pt layer having a thickness of 1.5 nm was formed on the p-type
contacting layer of the resulting nitride semiconductor by sputtering. After that, a Ag
20  layer having a thickness of 30 nm was formed on the Pt layer by sputtering. The Ptand
Ag patterns were formed by conventional photolithography and lift off techniques.
" Then, 2 NiP alloy film (Ni: 80 at%, P: 20 at%) having a thickness of 30 nm was
formed by sputtering to produce a plate adhesion layer.
The surface of the NiP alloy film was immersed in a nitric acid sohution (5N) at
25  25°C for 30 seconds to remove an oxide film formed on the surface of the NiP alloy film.

Then, using a plating bath NIUMUDEN® HDX-7G marketed by Uemura &



WO 20071032421 PCT/ JP2006/ 318231 15 which does not generate heat, is
produced. Exanples Below, preferred enbodinents of the nitride

sem conductor light 5 emtting device according to the present invention
will be explained with reference to Exanpl es and Conparative Exanpl es.
Exanpl e 1 Onwip s@ppiyfie substrate, a buffer | ayer nade of g A
thickness of 10 rim 10 a Si-doped n-type &GN contacting layer having a

t hi ckness of 5 pm and an n-type 1no.1G&ho. 9N cl addi ng | ayer having a

t hi ckness of 30 mwere lamnated in this order. Then, a light emtting

| ayer havi n§oa Lidi)ah elgetrolessiplatesk layes mageoiiNdalley Spviap s tickaesspE 80 paaN barri er
| ayer having a thickness of 30 nmand an I no.2Go.sN well |ayer having a

t hi ckness ofwag f&medonthedNiPallonfilnets prodnee & platsslayer fuétallic platdwubieate)i er | ayer
was | am nated, 15 was |am nated on the cladding |ayer. After that, a

My- doped p- tThpelebirdless plating Wabperfimmediumigr tadétfon &vwiigh the pHi wdsleg sheof 50 nm
and a My-doped p-type GaN contacting |ayer having a thickness of 150 nm
ver e | ani natGaheataesvs U, in@fhe trBfmbAiGite Wi 3 hdud |AHEethe rdshftihg lanfihte! ayer
having a thicKkness of 1.5 nmwas fornmed on the p-type contacting |ayer of

t he resukti ?‘Q‘ﬂg i -k 20

| ayer ha\k/i ng&gﬂ?ﬁégﬁ&%’gﬁ% 3 o %yyﬁgﬁ%ﬁ%(g%tﬁgﬁaﬁ@%ﬁﬁeg%%%%ﬁ%ut tering.

The Pt and erns. wer.e rmed by conventional photolithography and lift
of f techni qég%% elnrh,0 " %’LgFﬁve’fl'i Im(Ni: 80 at% P: 20 at% having a

t hi ckness of .30 nmwas . forned. by sputterin 0.produce a pl.ate hesi on
| ayer. The surfacg']ﬂﬁrft?"'[‘thﬁ’eI‘?I'ilqB ?%/ 3 Wé%gﬁ%@regggeirﬁn%‘%ﬁ’?’ rpf’@s d
solution (5N) at 25 25C for 30 seconds to renove an oxide filmforned on
the surf ace 'QF¥RORRRMAYRA SeByconsyctar layer.

On the n-type semiconductor layer, an ITO film (SnQ,: 10% by mass) having a

10  thickness of 400 nm was formed 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 technologies.

15 On the surface of the p-type semiconductor layer, a positive electrode
comprising a Au film having a thickness of 1,000 nm was formed by deposition.

i Then, the resulting laminate was divided into the nitride semiconductor light
emitting device shown in FIG. 1 having a specific size by dicing.
In order to evaluate the adhesion, after making and heating the laminate

20  comprising a substrate and a plate layer, a peeling test was performed. As the peeling
test, an accelerated test combining the method specified in JIS H8602-1992 and a heat
shock method was used. That is, linear scratches were made in the ohmic contact layer
and the plate layer using a cuiter knife such that grids having an interval of 1 mm were
produced. The depth of the scraiches was adjusted to the distance to the surface of the

25  sapphire substrate. Next, afier heating in an oven at 200°C for 30 minutes, the laminate



Then, using a plating bath (NNMUDEN(r) HDX-7C3 marketed by Uenura & WO
20071032421 PCT/JP2006/ 318231 16 Co., Ltd.), an electroless plated |ayer
made of a NP alloy having a thickness of 50 pm was formed on the NiP all oy
filmto produce a plate layer (netallic plate substrate). The electroless
plating was @webhetdeg; under conditions in which the pH wgg TﬂPﬁowﬂﬁﬁ
tenperature was 90C, and the treatnent tine was 3 hours. After the resulting
laminate 5 conprising a substrate and ajplate |ayer was washed with water
and dried, it was heated at 250C for 1 hour using a clean oven. After that,
t he sapphi r oves ndpddly avdedito 0@ in voarérfand thea fioed. wedRertatanadhdsjvegaiei shing to
expose the n-type sem conductor |ayer. On the n-type sem conductor |ayer, an
| TO fil m ( Ssdhesitéellophaie &pp, Widih: 1P men, nidkdtdi lpNiRhbaiwCo 4D, ) was\wdberédr med by
deposition. Then, a negative electrode conprising a C filmhaving a

thi ckness ofg1) meauﬁacefor{h%m whetdth€ KRS Seritbheb QRréWihdeain theAu  film

havi ng a thi ckness of 1,000 run was forrred on the center of the surface of

1(::(r;ﬁvle-rll-toi oﬁzll qﬁ&ﬁééﬁe%gr apﬁgﬁlg%r ét of f i&gc n%fogﬁg&g%gﬁg%hgoggfga%

f th I
{11 m haven 9§ﬂ%ﬁﬁ‘%‘éﬁ%§““€hi BHE Rl f@a‘?’aﬁﬁtaésﬁﬁwa%s%r e
el e V'e%égcgﬁ't@vﬁéa%a?eeﬁ‘ré% o g0 prbomistes

eval uate the adhe5| on, after, making and heating the | am nate 20 corrprl sing a
substrate antisgvaipaiedsas|"agpeeling’. pé'@??%@lﬁt%%ﬁh%nﬂéb denmed. As the peeling
test, an accelerated test conbining the nmethod specified in JI'S H8602-1992
and a heat shock nethod was used. That is, linear scratches were nmade in
the ohm c contact |ayer

Examples 2 and 3 and Comparative Examples 1 to 3

10 A nitride semiconductor light emitting device was prepared and evaluated in a
manner identical to that of Example 1, except that the composition and the thickness of
the plate adhesion layer and the plate layer were changed. The evaluation results are

shown in Table 1.

15  Example 4

A nitride semiconductor light emitting device was prepared and evaluated in a

s,

manner identical to that of Example 1, except that a Cu film having a thickness of 30 nm

was formed by a sputtering method as a plate adhesion layer instead of the NiP alioy film,

and a Cu film having a thickness of 50 pm was formed in an electrolysis plating method
20  asaplate layer instead of the NiP alloy film. The evaluation results are shown in Table

1.

Moreover, Cu was electrolysis plated to produce the plate layer under conditions
in which a plating bath comprising 80 g/L of CuSOy, 200 g/L of sulfuric acid, and a
leveling agent (marketed by Uemura & Co., Ltd., 1.0 mL/L of ETN-1-A, and 1.0 mL/L

25  of EIN-1-B) was used, current density was 2.5 A/cm’, the plating time was 3 hours, and



and the plate |ayer using a cutter knife such that grids having an interval
of 1 mmwere produced. The depth of the scratches was adjusted to the

di stance to the surface of the 25 sapphire substrate. Next, after heating in
an oven at 200C for 30 m nutes, the |am nate WO 20071032421

PCT/ JP2006/ 3%6@ 3db703ed21was rapidly cooled to 20C in water ?(F‘ﬁ.lﬂzﬁb%? 54 ed.
After that, an adhesive tape (adhesive cell ophane tape, w dth: i nun,

mar ket ed by Nichi ban Co., Ltd.) was adh@Bed closely to the surface of the
pl ate |l ayer where the linear scratches were nmade, then the adhesive tape
was peel ed fmaserial pantaining eeppenphasplatgwapused gasanodhen, the nunber of 5

remai ni ng partitions which were not peeled out of 100 partitions having a
size of 1 mmx 1 mmfornmed by the linear scratches, was counted. That is,
when 100 partitions remain, it is evaluated as "no peeling”. The results
are shown i iCohgjativd Exdnysiegd @6 2 and 3 and Conparative Exanples 1 to 3 10 A
nitride sem conductor light emtting device was prepared and evaluated in a

manner identical WQohpahti@f nifR¥WhRodducPX GsRlenditiiag dévi® waATRGalediaan and the

t hi ckness of the plate adhesion layer and the plate |ayer were changed. The
eval uati@n r - al - I ' %Fq[ﬁ]

sem cond§ct (??%H%téﬁnadelﬁﬂn? ﬁﬁ%&%ﬁ@%&@éﬁ%&gﬁﬁt é&?‘aﬁa%d[el | nla%er manner
identical t thagh of Exa

| e xcept .t hat. fil Vi hickness of
30 nm was fo6r YR ?"éir]t}’%g"cl%ﬂ%ﬁ8%?“%‘3"1?@#61&%33%%}5%% &a‘%}%i’ l%ﬁgnst ead
of the NP aljoy film _and a film having a thickn f 50 pmwas forned
in an el ect F&Lﬁﬁiqnslﬂﬁf E‘Pﬁ’lﬁgd%t h eﬁ@‘“%{g’néesﬂﬁﬁ?rﬁ ngwefaﬁgﬁead of the NP
alloy film The evaluation results are shown in Table 1. Mreover, Cu was
el ectrolysis plated to produce the plate |ayer under conditions

Table 1
Plate adhesion layer Plate layer Remaining
Composition | Thickness | Composition | Thickness partitions in
(% by mass) (om) (% by mass) { (nm) peeling test
Example 1 - 80Ni-20P 30 8ONi-20P 50 100
Example 2 80Ni-20P 5 80Ni-20P 50 100
Example 3 80Ni-20P 100 8ONi-20P 50 100
Example 4 Cu 30 Cu 50 100
Comparative | No plate adhesion layer | 80Ni-20P 50 45
Example 1
Comparative Au 30 80Ni-20P 50 58
Example 2
Comparative | 80Au-20Ge 30 80Ni-20P 50 57
Example 3
. Comparative | No plate adhesion layer Cu 50 37
l Example 4
Comparative Au 30 Cu 50 49
Example 5
Comparative | 80Au-20Ge 30 Cu 50 54
Example 6
10
It is clear from Table 1 that the nitride semiconductor light emitting device of
Examples 1 to 3, in which the plate layer was made of NiP by electroless plating, and the
plate adhesion layer was also made of NiP, which is the same material as that of the plate
layer, has superior adhesion between the plate adbesion layer and the plate layer. In
15  contrast, it is also clear from Table 1 that the nitride semiconductor light emitting device




in which a plating bath conprising 80 g/L of CuSO»4, 200 g/L of sulfuric
acid, and a leveling agent (marketed by Uenura & Co., Ltd., 1.0 nlL/L of
ETN-1-A, and 1.0 mJL 25 of ETN-1-B) was used, current density was 2.5
Alcnm2, the plating tinme was 3 hours, and WD 2007/ 032421 PCTI JP2006/ 318231

18 material o@voedi3ns2g copper phosphate was used as an apedgeoeéHEparati ve
Exanples 4 to 6 A conparative nitride sem conductor |light emtting device

was prepared and 5 evaluated in a mannerl9 dentical to that of Exanple 4,
except that the plate adhesion |ayer -having the conpositjon and the

t hi ckness shb#¥ing ap pleip p@eﬁmwéay%d“@mmwéaﬁxwp ¢ hend ﬂm@mdaaﬁmmcﬁoayer

made of Cu. The evaluation results are shown in Table 1. Table 1 Plate
adhesi on | aykighteinitting deviRercampiisigg thepttoadihesiom layer nodda of 4u @dvighodies nan

Thi ckness partitions in by mass) (nm %by mass (nm peeling test Exanple 1
8ONi - 20P 30 8éasiin FilFinilhnigachtivERasmple 2 2and @hé niide sémistidue@P Rgli@uiiig Exanpl e 3
8ONi - 20P 100 SONi -20P 50 100 Exanple 4 Cu 30 Cu 50 100 Conparative No

pl at e adhesi gevideadipriSithite e Rfhedion la lef 4 AGGERBG ViR A6 nd0cdHidth - 20P 50
58 Exanple 2 Oorrpar atlve OAu- 20Ge 30 8ONi -20P 50 5 Exanpl e 3

5  NiP in Comparative Example 3 were inferior with regard to the adhesion.

In addition, it is clear from Table 1 that the nitride semiconductor light emitting
device of Example 4, in which the plate layer was made of Cu by electrolysis plating, and
the plate adhesion layer was also made of Cu, has superior adhesion between the plate
adhesion layer and the plate layer. In contrast, it is also clear from Table 1 that the

10  nitride semiconductor light emitting device having no plate adhesion layer in
Comparative Example 4, the nitride semiconductor light emitting device comprising the
plate adhesion layer made of Au which does not contain Cu in Comparative Example 5,
and th_e nitride semiconductor light emitting device comprising the plate adhesion layer
made of AuGe which does not contain Cu in Comparative Example 6 were inferior with

15 regard to the adhesion.

{ INDUSTRIAL APPLICABILITY

The nitride semiconductor light emitting device of the present invention is a

nitride semiconductor light emitting device which has higher adhesion and does not peel
20  and which is created by forming a plate adhesion layer between the ohmic contact layer

and the plate layer, and forming the plate adhesion layer of an alloy contained in 50% by
mass or greater of a same component as a mam component of an alloy comprising the
plate layer. As a result, the present invention provides a light emitting device
comprising a positive electrode and a negative electrode on upper surface and lower

25  surface thereof having high quality and stability.



Conparative No pl ate adhesion layer Cu 50 37 Exanple 4 Conparative Au 30 Cu
50 49 Exanple 5 Conparative 80Au-20Ge 30 Cu 50 54 Exanple 6 10 It is clear
fromTable 1 that the nitride sem conductor light emtting device of
Exanples 1 to 3, in which the plate |layer was nade of N P by el ectrol ess

pl ati ng, andwdmerm2setie adhesion | ayer was al so made of NePgmbdsBilgzkf t he
sane material as that of the plate |ayer, has superior adhesion between the
pl ate adhesion | ayer and the plate layer2¢ln 15 contrast, it is also clear
from Table | that the nitride sem conductor light emtting device WO

2007/ 032421 PCT/ JPrgdditisnghsplatelayenonr afithp eorppaient of dhasitrisle seraiponducter
Conparative Exanple 1, and the nitride sem conductor Ilight emtting device
conpri si ng t hightengtimg deiesofithe payatt inventondhs dwughthidknelsand sindngthdont ai n Ni P
in Conparative Exanple 2, and the nitride sem conductor light emtting

devi ce conpr isappaft thévaiplcainpork@ibethe devicey € Therefbee, @ifis postiblethatthoplateidyeh does
not contain 5 NP in Conparative Exanple 3 were inferior with regard to the
adhesi on. | nsagG sl thé Hevide dukidg thel prodicti@PhrBeels.t hat the nitride

sem conductor |ight emtting device of Exanple 4, in which the plate |ayer
was made gf Cu by electrolysis plating, and the plate adhesion I|ayer was

al so made of Cu, has superior adhesion between the plate adhesion |ayer and
the plate layer. In contrast, it is also clear from Table 1 that the 10
nitride sem conductor light emtting device having no plate adhesion |ayer
in Conparative Exanple 4, the nitride sem conductor |ight emtting device
conprising the



pl at e adhesion | ayer made of Au which does not contain Cu in Conparative
Exanple 5, and the nitride sem conductor |ight emtting device conprising
the plate adhesion | ayer nmade of AuGe which does not contain Cu in
Conparative Exanple 6 were inferior with 15 regard to the adhesion.

| NDUSTRI AL AR -406M3bd2k TY The nitride sem conductor |ight weispldofishsstgVi ce of
the present invention is a nitride sem conductor light emtting gevice

whi ch has hi gher adhesi on and does not pgel 20 and which is created by
form ng a plate adhesion | ayer between the ohm c contact |ayer and the plate
layer, and forming the plate adhesi on(laIdS of an alloy contained in 50%)by
mass or greater of a sanme conponent as a nmain conponent of an alloy
conprising the plate layer. As a result, the present invention provides a
light emtting device conprising a p05|t|ve el ectrode and a negative

el ectrode om uppera SitideaGRicoRfhctop 5 ﬁ@&a&rgﬁ%ﬁ@fatﬂéﬁé(hﬂgwcgh qual i ty
and stability. WO 2007/032421 PCT/ P2006/ 18231 O I'n addition, the plate

| ayer, one o d i ng
devi cé of th%m“%ﬁs AP R E@ﬁéﬁ%ﬁfqﬁyth. 0B i Biuctl ol ol
support t onmponent. t he dev for iSSP bI e that the
pl at e Iay%r ag?ra?ﬂ e?lqu{eﬁ K‘ffglé’fgﬁXP‘i Wg 131?5’8{?8 Pgﬁ?a;? d¥ss. 5 WO
2007/ 032421 PCT/ JP200613182 21 CLAL '\f/gﬂﬂfi]ach n| qmpsem copduct l'i ght
emtting device c qinp pigte. é%lh?ﬂ@é‘é?yeé et‘ﬁ??ﬁttho&? [o’]{’yﬁr z’r“@pe
nitride sem conductor |ayer, a nitride sem conductor |i ght em tting

the plate layer, and '

the plate adhesion layer is made of an alloy comprising 50% by mass or greater
of a same component as a main component of an alloy contained in the plate layer.
10

2. The nitride semiconductor light emitting device according to claim 1, wherein a

thickness of the plate layer is in a range from 10 pm to 200 pm.

3. The nitride semiconductor light emitting device according to claim 1 or 2,

15 wherein the plate layer is made of a NiP alloy.

{ 4. The nitride semiconductor light emitting device according to'claim 1 or 2,

wherein the plate layer is made of Cu or a Cu alloy.

20 5. The nitride semiconductor light emitting device according to claim 3, wherein

the plate adhesion layer is made of a NiP afloy.

6. The nitride semiconductor light emitting device according to claim 4, wherein
the plate adhesion layer is made of Cu or a Cu alloy.

25



5 layer, and an n-type nitride sem conductor |ayer, which are |am nated on a
plate | ayer, wherein a plate adhesion layer is fornmed between the ohmc
contact layer and the plate layer, and the plate adhesion |layer is made of
an -al l oy conprising 50% by nass or greater of a same conponent as a nain
conponent ofyan all.oy contained in the plate layer. 10 2?0&&?205'&/&155396

sem conduct or 17 g(’ut emtting device according to claiml, erern a

t hi ckness of the plate layer is in a rapge from10 mto 200 m 3. The
nitride sem conductor |light emtting device according to claim1l or 2, 15
wher ei n t he 7pl at eThayieide ssmitafductr lightnkitiag ldevice abcording tacinin Her Benm conduct or
light emtting device according to claiml or 2, wherein the plate layer is
made of Cu Qfhefeirthl tHAEMNBYS of €2 phate Idaﬁsiahlazeﬂehsmg@mﬁmm td Djrh. emi tting
device according to claim3, wherein the plate adhesion |layer is nmade of a
Ni P alloy. 6. The nitride sem conductor light emtting device according to
claim4, wherein the plate adhesion layer is nade of Cu or a Cu alloy. 25
WO 20071032421 P P2006/ 318231, 22..7. . niLtr] ] r |ight
emtting device ﬁ%pﬁ?(%gse?ic% “éflt%%%htoernnggg d\?\ﬂécréeﬁgﬁrdgﬁt%%g(s&é?’of the plate
adhesion_l ayer is,in a.,range fromO. 0.2 m L dhe nitride

semi condéctgthq“bﬂleogﬁﬁ“'t‘fqn t’&%‘?fi‘%’é‘aifc%%]:t?‘f‘ﬂ@n‘?ff’l"t‘f?é&imﬂ%lgm?? 5 wherein the
ohm ¢ contact | ayer is nade of at |east gne selected fromthe group

consi sting &Pnggtingml Pt By, OsyRh, fr; Pd, g, andplloyptherepf. oys thereof. 9. The nitride
sem conductor light emtting device according to claiml or 2,

9. The nitride serniconductor light erﬁitﬁng device according to claim 1 or 2,
wherein a thickness of the ohmic contact layer is in a range from 0.1 nm to 30 nm.

10
10. The nitride semiconductor light emitting device according to claim 1 or 2,
wherein a reflective layer is made of Ag, Al or an alloy thereof is formed on the ohmic

contact layer.

15 _1 1. A method for producing a nitride semiconductor light emitting device
comprising:
laminating at least a buffer layer, an n-type nitride semiconductor layer, a nitride
semiconductor light emitting layer, a p-type nitride semiconductor layer, an ochmic
contact layer, a plate adhesio:; layer, and a plate layer on a substrate made of an oxide
20  single crystal or a semiconductor single crystal in this order;
after that, removing the substrate and the buﬁé layer; and

then forming electrodes.

12. The method for producing a nitride semiconductor light emitting device

25  according to claim 11, wherein the plate adhesion layer is formed by a sputtering method.



wherein a thickness of the ohmc contact layer is in arange fromO.1 rimto
30 nm 10 10. The nitride sem conductor |light emtting device according to
claiml or 2, wherein a reflective layer is nade of Ag, Al or an alloy
thereof is fornmed on the ohmc contact layer. 15 11. A nethod for producing
a nitride sem conductor light emtting device conprising: |amnating at

| east a buffer |ayer, an n-type nitride2kenmi conductor layer, a nitride

sem conductor light emtting |layer, a p-type nitride sem conductor |ayer, an
ohm c contact |ayer pl ate adhesion layer, and. a plate |ayer on. a
substrate rldde dhe aw“@gifarepfgéﬁ%waq@m@%sygmcgndwmd*g@é?ﬁ*ﬁ%%ﬂ%@ﬁ%qr%ge
crystal in this order; after that, renoving the substrate and the buffer

| ayer; and toelpigh! ¥ or R, mdrewliete plagelayeri formad byran Ielrgtiplsss plediethgd-a nitri de
sem conductor light emtting device 25 according to claim 11, wherein the

pl ate adhesion layer is forned by a sputtering nethod. 23 13. The net hod
for producing a nitride sem conductor |ight emtting device according to

claim1l on4l2, ThBfHetHod foodloitea hidyR seinfcohidigrdiday crditil @8lideesidingl ating
met hod. 14. The nethod for producing a nitride sem conductor light emtting

devi ce accoqy di 1 1.10; 1 ' : Bho smb@r med by an
electrolysii Bﬁg%}hgjﬁetegﬁ%%fgfn%ﬁgmﬁggﬁgﬁng?ﬁggggﬁg?%gmaﬁ%kﬁg%ge

sem conductor light emtting device according to claim1ll or 12, wherein
after formng the plate |ayer, the obtained product is heated at a

tenperature_in g range from 100C to_ 300C.
P 15. %he megnod for pro uc?ng a nitri?’de semiconductor light emitting device according

to claim 11 or 12, wherein after forming the plate layer, the obtained product is heated at

a temperature in a range from 100°C to 300°C.



