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DESCRI PTI ON NI TRI DE SEM CONDUCTOR LI GHT EM TTI NG

DEVI CE AND PRODUCTI ON METHOD THEREOF TECHNI CAL FI ELD
wohBREESENt invention relates to a nitride  perypaoos/318231

sem conductor light emtting device, and a proguctlon

nmet hod thereof, and in partijcular, to a nitride

sem conductor |light emtting device conprising a plate

| ayer which sufficient DESSIRHPIION a | am nate after

peeling a substrate and a production nethod thereof.

CROSS- REFERENCE TO RELATEDAPPLI CATI ONS Thi s

application clains the benefit pursuant to 35 U S. C

mﬁ%ﬁng X r@@ept ; Wg?ﬁ‘é)zﬁl Et@ﬁ@'EMPMWDEWCE%NﬁQJR@ﬁU@%N

2005, and priority is clainmed
on Japanese Patent 005- 265300, filed
on Septenber 13, 20%%%§yn’§@gﬂgg%nt Application No.
2005- 312819, filed on Cctober 27, 2005, and U.S.
Provi sional Application No. 60/718,738 filed on
Sept enber 21, 2005, the contents of which are
i ncorporated herei n BEGHNESAhdEELBACKGROUNDART | n
recent years, GaN conpound sem conductor material has

' r eceThastesancihvaiticantiaes tas niteitt sanidonduotor higheerniting davice,

for short wavel ength light emtting devices. A GaN

andPPRAHAbnSBNDSPMERGE, Ahd i pdrBEMES tON nidO¥wnteorfiubet light
such as a sapphire singl e cryst al substrate, or Group

ennihy g fRTRMPS oﬁ”ﬂﬁé%%?%%fk%‘}% TR AR ERRREPunr

pee I%STSS stra?e drgelgrgguctlgn met oci1 t(l?nel)eof

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims fhe benefit pursuant to 35 U.S.C. §119 (e) of U.S.
Provisional Application No. 60/718,738 filed on September 21, 2005, and priority is
claimed on Japanese Patent Application No. 2005-265300, filed on September 13, 2005,
Japanese 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

which are incorporated herein by reference.

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 chemical vapor

deposition method (MOCVD method) or a molecular beam epitaxy method (MBE
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A sapphire single crystal substrate has a lattice

constant which differs fromthe lattice constant of
wE&2dh7g2420% or nore. However, since a nitride pcT/aPr2006/318231

sem conduct or havi ng excellent properties can be

formed by forming on a sappi®ire single crystal

substrate a buffer layer conprising AIN or Al GaN, a
megﬁ’&bhi re single crystal substrate is wdely used. For

exanple, as is shown in FIG 5, when a sapphire single

cr ysAahpphiresingla aydtal sibsigatel hasglatiice postas Which differs from the

sem conductor layer 3, a GN light emtting | ayer 4,
latéidectofstanttof BaNGeNI 696 oir erwnel U CRloweteasbitce a nittide lserivetddwior

the sapphire single crystal substrate 1 in this order.

havihg Efceﬁeﬁﬂl%ﬂ}kﬁé% cah Bg St byt atminy B bisabphirk diskle crystal

I nsul ant, in general, in a device 20 conpr|3|ng a
w01 0 P100] SN HPRICR. smPgtes%ggeo ¥ Siate is

) sitive el ec 3 for n pe
éﬁ st EBhetetite. 6 &y W@naﬁ@%oé\i P geRp ﬁsmze‘gwé
of the device 20, as is shown in FIGS. 4 and 5.

sulpsizatep] ie gsesk amn-irmerGaN semicenducirrtliyeg 3) ¢ GBN light amitting layer 4,
device 20 conprising the positive and negative

anéh peypeoGaN semiconductordeyer Bcreifbemad bade-sapphist dingle crystal
which light is extracted fromthe p-sem conductor side

subkbriafRdl i@ this dRERar Sinte @k?@hﬁ@ siagle eyt Subshi@edBisansulant, in
positive el ectrode, l'ip-chip nethod in whi ch

h t
gelllériﬂhfél a{a V%gO%gPﬁglg{qg\%aﬁﬁ rﬁﬁfﬁqﬁ hg@tﬁfﬂﬁgrﬁt@tleb&hqugatwe

us g as p05| ive

1ol 1 08P R aC8Rr D Gufio S ARRLYE aP%S?*hve clectrode 13

sapphire is insulant, a sapphire single crysta

forgypd anra-typR SNt CNdYEIo8 ST Fateqosigponed qm OIilenSl@? efthe deyice
formthe negative electrode 12, the n-ty

20s@sris slovauiotfdGS34 ard 8x pESfEdPIbWOféet whihng fqrrﬁettmctgtg light from a
emtting layer 4, as is showmn in FIG 5,

device 20 comprising the positive and negative electrodes on one side include a face-up

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 as Ag as a
positive electrode.

| As is explained above, sapphire single crystal substrates are widely used.
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. 5,
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

the negative electrode 12 are positioned on the same side, electrical current flows
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therefore, the area of light emtting layer 4 is
decreased by the area of the negative el ectrode 12,
weéngyadiput power decreases. Secondly, since tBeT/IP2006/318231
positive electrode 13 and the negative el ectrode 12
are positioned on the sanme sBde, electrical current
flowshorizontally, current density is increased
hdrizouiplly, custout dehsitiis iicesasexblocally, ead e deviss 28y heatadhc dThirdly,
heat conductivity of a sapphire substrate 1 is |ow,
sigerteaadondudizdty of 8 sappthirdistbstined] isdod, gdnerateitpar Rtnot diffiked,
the device 20 increases. In order to solve these

andltRdlcRifRrande OB {HRQRvics 20 $RFedsts. Whi ch a conductive base
plate i's attached to a device conprising an n-type

;e M G R Pl ANESe pr?blkfng $! V\ﬂgﬁﬁhhtlé ﬁk@ i %Bich aﬁ:’&ﬁd@ctlve base

pe sem conduct or ayer are am nate

sap e.crystal. substrate i.n , .o
Pl%%%ﬂt“?ﬁ oridegiog ohiring B 2r v} SeoniGondiichy BAvES aight Fsiting
a positive electrode and a negative el ectrode are
layrssand; agrbipe semisenducier layes sdhiel are faminated opja fgpphise single crystal
- (For exanpl e, Japanese Patent (G anted) PublicationNo
suBStat@inathis orderatid sappbirg single aysialsubstitate tsaemoyddaamd then a
formed by plating, not by attaching (For exanple,

poiitverisgodaxianapatividbanide Apppasitidnied on bbthr sutfaces of the
Publ i cati on 2001-274507). Furthernore, when the

reGfEdahdiRe G252 exRhplkera P&nécs@ PR (Ofaktb@ Publicat®h No 3511970).

intermediate layer is Tornmed to | nprove adhe3|on

gﬁt wa ag&m{;%&g@smfaagﬁ&e%qg Fleflis 3o o) A 0nk W Shiaching (For

e sem cond

Unex
xR EARAR G CHeRRE g AL ArISUSBa o P HHerL lorb?%&%ﬁé&@
OF I NVENTI ON Exanpl es of a nethod for attaching a
c ond Jdthomngsg.suhey) th@ gondyetivrieass pge isdermad kyplaingyar a|
conmpounds having a low nelting point such as AuSn are
intesmediate laper ssdhased/to, impravezadheston betveema pywst seoncamdtiétoriand a
in which a surface to be joined is activated
plating layer, that is, a p-type semiconductor and a conductive base plate (For example,

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

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
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.

In the case of obtaining a conductive base plate on the p-type semiconductor
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by argon plasma under vacuum These nethods require

that the surface to be attached be extrenely flat and
woepiddg2Therefore, if there is foreign matter peughbroass318231

particles on the surface to be attached, the area is

not closely attached. Due to4this, it is difficult to

obtain a uniformattached surface. In the case of
laysiybyiptating, the sestiendoutfors fhm &ow pdyesseitectsdigm forpign matter.

sem conductorl ayer by plating, the nmethod suffers from
Hdvesven dn erdee toahhlecd filnh made by phitigg whikht epreratésoasen@ndudtive base

order to nmake a fil mmade by plating which operates as

plzfte GOREE6 haVeea Back@esd GF110,un br P@S tet, @ofRGerdlylgRolIkIS Gfay Qfise in
nm or greater, consequent probl ens may arise in

nd ct e layer. In general,
adﬁgrﬂgﬂggge?‘i’yﬁehﬁmﬂu&%@? pnducti v y 9

conta t cl osely between the

[ ayor e B R rRkE P Reb Bl R e AR pasg plate

forned on the conducti ve Iayer nd the conductlye
ang flacsp ssmi@ng SFelay e slunis amtaclayee ok ohmig gpntgfing is
platln I n Japanese Unexami ned Patent Application,

formadsen tha pdonductiys 12@oand firoepnduetivediasmplats is fpymed et thyohmic
formng an internedi ate | ayer as a plating base film
cobhextctlaper Byhdatatyri ¢ contact | ayer and the conductive
base plate (the plate layer) hi Japanese Unexam ned

Pat emth JAaREdeqdddxaminetiPasdnt Rppimaﬁahl arst PARKcafidr 9604 27704,
device conprising an internedi ate | ayer nade of Au or

%i@{@g@ e PS K B prf afa*{QZQ@‘E%& 418t ifbbetween the
onfif bager WRE and {nfeondiogPe Bl Tt bk, “Hedbndies

t hat focused on_sol ving these prob ens, the present
Unexgwinedrkatens Anplicatign, Birs Pt"i’li“iﬁ'élo% 39%6%?%9 eViFs gmprising an

em tti n? devi ce,
intermediate layer made of Au or AuGe which functions as a plating base film for a Ni

plate is disclosed in the Examples. However, these plating base films for plating cannot

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 ohmic contact layer and a plate layer and does not
cause peeling, is obtained by a nitride semiconductor light emitting device comprising at
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

layer. That is, the present invention provides the following nitride semiconductor light
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whi ch has hi gh adhesi on between an ohm c contact | ayer
and a plate | ayer and does not cause peeling, is
wobb@iodediby a nitride sem conductor |ight em ptir/ipo06/318231
devi ce conprising at |east an n-type nitride
sem conductor |ayer, a nitrifle sem conductor |ight
emtting layer, a p-type nitride sem conductor |ayer,
emitting dayieesoipaedudtion srethoda ghezeofi at e | ayer | aminated in
this order, wherein a plate adhesion |layer is forned
(1pet m@aﬁuideaemﬁndnduﬁonﬁgﬁ emittipge dedcricanhprigihgatdedstareohmic
and the plate adhesion |ayer is made of an all oy

cofit@Bay«t] A18-ty7i%RiRMe FBmfcofduciird@eta iiride seAR AT bmitting
as a mai n conponent of an aI |l oy contained in the plate

layge! A o,l g\%ln%;g%” s (%ée &gnel%@g }’&V%Ic'h%‘e Rinfl ét9<?§n Bgﬁte layer

[Tghtemtting I ces

uc Anj t r| d
wiggiin Bafhie adtssion i Bt SW%%V.‘%% i i Jpger gnd the plate
| east an ohm c contact, | ayer type nitrj
layssand dheilaie gdhesigrelayerds mage phan Callo %}?aﬁ&goip% pyymass or
emtting layer, and an n-type nitride sem conduct or
gréateref a saing comperent asri maineepienonentsifan allpy gentainohir the plate
pl ate adhesion layer is forned between the ohmc
laygant act | ayer and the plate [ayer, and the plate
adhesion | ayer is made of an alloy conprising 50% by

(2Jess The nﬁ:ﬁﬂ@&ﬁﬁm@ﬁd@t& 'ﬂﬂ%tféﬁ) ce@®cékdiB!td (1), wherein a
}chn'ponent of an all oy cont ained in the pldgt%e I(gyer

thl{c@esg— arté fgi?lesﬁ\rﬁhe?ﬁl%g Fot] hd Lu%hcb 296"&){%}{_ i ng device

accor ein ness the plate

ayer ara
(34m o &sn&sﬁsf SRS ?bﬁ?mgmgﬁ?evwg aa'é?f.de@é%owa?rﬁal the
V\hereln the plate layer is made of a NP
pl%tpi%yyrw(madepﬁé PatloBe seni conductor light emitti ng
devi ce according to (4), wherein the plate |layer is
(4ade Tb n@rido sermc@udta:tdrdgght emlttmg device according to (4), wherein the

plate layer is made of Cu or a Cu alloy.

®) 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.

@) The nitride semiconductor light emitting device according to (1) or (2), wherein
a thickness of the plate adhesion layer is in a range from 0.1 nm to 2 pm.

®) The nitride semiconductor light emitting device according to (1) or (2), wherein
the ohmic conta.ct 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

a thickness of the ohmic contact layer is in a range from 0.1 nm to 30 nm.
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(5) The nitride sem conductor light emtting device
according to (3), wherein the plate adhesion layer is
woRog/ts2a NP alloy. (6) The nitride sem condegetQp2006/318231
light emtting device according to (4), wherein the
pl ate adhesion |ayer is made6of Cu or a Cu aIon (7)
The nitride sem conduct or t emtting devic
(18 c orldpe mfride se{lnl):owfruczoz)hghm%émaqdedlmce%ﬁ%sto &}) ar{@), wherein
pl ate adhesion layer is in arange from0.1 nmto 2
a reftect{ve)layEh & mader ofdeg ereand g elouistforméd qhthe ehinid ¢amgpct layer.
devi ce according to (1) or (2), wherein the ohmc

(18PNt 2einethdll Er prodwtiiita Aitridd sendegiductoeligletleatitig devie
the group consisting of Pt, Ru, Gs, Rh, Ir, Pd, Ag,

COM sfie! Dfsindtin g a8 Rast  Sifrel Mefiah 'h'-t?ﬁe ﬁﬁ‘r‘fﬂe%ﬂﬂé&fdﬁ&or la; er, a

emtting device according to (1) or (2), where
R %@2@8&3&“&%@“’%@%&% o Pt
coptafbbySct plls Taon [ chaas plRakT q&l@%avra‘tsba@g o oxide

formed on the ohmic contact Iayer (11) Anethod for
singloenystehey asseptieanidyetor sinplesreital i this ordpt;themtamqvieg the substrate

device conprising: lamnating at |east a buffer |ayer,
andrthebufiap dayet;tand deensfermmgretheabdes. | ayer, a nitri de

sem conductor light emitting layer, a p-type nitride

(12pM CIheGRthEY fok Piliicing ifide Geratdhdedtor IRNEEmitAnP LS
adhesion layer, and a pI ate layer on a substrate nade

ac@&d ﬁ’(i lﬁewﬁt::rgﬂllotg% %1 dhbsifh 1 e?ﬁ%x?%ﬂ%%ﬁtt&ﬁﬁ’ggﬁ@ od.

crys en renovvi ng trate an

(3he deiritingd ogﬁ”%shgﬁ%d%%%rﬁcﬁ SBEREBns i
t d t 11 th
acgénq#tgé tezlh)%@f i gfﬁ?rs %gmeolaygrﬁa %qr@;efl %3%% fﬁHgleSS( @ssmg
The nethod for producing a nitride sem conductor |ight
methpd-t i ng devi ce

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

according to (11) or (12), wherein the plate layer is formed by an electrolysis plating

method.
(15)  The method for producing a nitride semiconductor light emitting device
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 300°C.

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

and a plate layer used for forming the nitride semiconductor light emitting device of the
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according to (11) or (12), wherein the plate |ayer is

formed by an el ectroless plating nethod. (14) The
wambhesdsdior producing a nitride sem conduct or gd1@irLooe/318231

em tting device according to ( 11) or (12), wherein

the plate layer is forned by7 an el ectrolysis plating

met hod. (15) The nethod for producing a nitride
pregantiiventiont or | i ght enitting device according to ( 11)

or (12), wherein after formng the plate |ayer, the

obt aFI(e 4 ipa eitmcshomsnd e aossisation of 2 mpenatt vomptising a phigRiyer

from 1000C to 3000C. BRI EF DESCRI PTI ON OF THE DRAW NGS
whithGs oBtaingd By PraOassHRONE MiniRa e BRDrisRE bl sAbdtaicSindUChiHeayer

of the nitride sem conductor light emtting device of
shdWifinfigsent invention. FIG 2 is a view show ng a

cross sectl on of a lam nate conprising a substrate and

use or. formn e.nitride

2 e EiSh 40S¥ BlanihelSHine B s S b e pLuiide

[ nvent| on FIG 3 a view showi ng a cross-section of
semjcondycios digh fc%ﬁ*ﬁi‘f}é’s‘f‘?{&ea plate layer which is obtained

by processing the | anm nate conprising a substrate and

a pl Bl Slisg erosssheptinnalrview aong theHing A-A' pEFKG. gl an vi ew

show ng one exanple of a conventional nitride

sem conductor |light emtting device. FIG 5 is a

cross-sectional view along the line A-A of FIG 4.

BEST MODBHESIRVIGHIRFONCORRYING OUYENE ﬁNV“E'NTI

enbodi nents of the present invention wll be expl ai ned
Wt hpf SLEDSRGESs bPhe 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.

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
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 um, 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.

The nitride semiconductor light emitting layer 4 comprises an n-type Ing 1 GagoN
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the figures. However, the present invention is not
limted to the foll ow ng enbodi nents and, for exanple,
woRpo7he241 conbi nati on of the foll ow ng enbodi npargp20bé/6318231
1 is a viewshowing a cross-sectional structure of the
nitride sem conductor light 8mtting device of the
present invention. The nitride sem conductor Iight
clashiayerihayingethickngss o680 niwea prdiéavell stregtare which doohprined by
a plate layer 9. A plate adhesion |ayer 8, a
lathgfating & S dopedy@4iN Bantdet tyer sdaAdng iGagy¥ avelligyed having a thickness
t hi ckness of 30 nm an ohm c contact |ayer 6 which is

of 2, Fhm five BuRAY ARDfuAhsNbSERAAS tHfSi HoPed\ GhNDaRidr Y8R on the
nitride sem conductor |ayer 5 which functions as a

oS RO e R O e
L'e?nhzr&ﬁ%eﬁ S PR OB PR S et e v

and is a Sl-d ed n- type GaN | ayer havi ng
f(%mﬁ@ by agputtering methed. | disttame dor Jfrangd Agiare frmedbytahe
pI ate layer 9 in this order. On the n-type nitride
cogesnitioonlqirotadithdgagperand lifofitecmiquee el ectrode 12 is
fornmed via a transparent electrode 11. On anot her
sur f 3¢@. Dis d HewRhewdglaayess-sBetich dfashiinate @ngeisin@desubstrate
is formed. The nitride sem conductor |light emtting

anh@iﬁéte faye PRI S LA fg"thé Widsdd é%gné&':ﬂgct%m%ﬁ‘én{iﬁﬂl ldevice 10 of

having a thickness of 30 nm a nulti- structure
th%fegght'l gér){?'l Rgr%zlg?ggl @e{@mm qﬂ%aasseur% %g ?ﬁcga gﬂ%\én]ggir coﬁ{gmses
iy i o8 o e e €

and a My doped pe Al 0. 07Gao. 93Nc|ad|ayer inthis

sem%ﬁucttmlégfé I§FAL mg htthe RyEpe Biriedemigontuctorlayerte the ohmic
reflective layer 7 made of Ag are both forned by a

cogfaat lageri G ¢heweflbatve 18t 7 cthe platoadhsion ayeny, anddbd platedayer 9 are
by a conventional photolithograpy and liftoff

fotr€dén theSubstrate 1 via the buffer layer 2.  After producing the laminate

~

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.

Examples of material 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;Os3; A plane, C plane, M plane, and R plane), spinel single crystal
(MgAL,04), ZnO single crystal, LiAlO;, single crystal, LiGaO, single crystal, and MgO
single crystal; and conventional substrate material such as Si single crystal, SiC single

crystal, and GaAs single crystal. These materials can be used for the substrate 1
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FIG 2 is a view show ng a cross-section of a |amnate
conprising a substrate and a plate |ayer used for

wbangiagihe nitride sem conductor |ight em ttpa®sr2006/318231
device 10 of the present invention. The |am nate
conprising a substrate and a9pl ate | ayer conprises the
substrate 1 made of sapphire, the n pe nitride

witleit epniimitation. | 2ben geonduetive subpteate sw%]a@@mdbﬁmw madeypf SiC is
emtting layer 4, the p-type nitride sem conductor

usk@y€the subsifa RNk Gotitesaty tb agraovesthe sitstraefWisnipryducing a light
| ayer 7, the plate adhesion |layer 8, and the plate

en}liﬁﬁl%rdegic@ rc@mgﬁﬁlﬁg boSiive ARl gheVd db@rolley bbb uiitdéds Fhereof.

ayer produm ng the | am nate conprising a

H?‘ﬁe ak sl ?rd‘“““& £l ?*ﬁm%‘ﬁF‘%‘ e A0ai Gl B kS e
Ié?ﬂ% }c')qqrg,grf:éy%o% rlayﬁ@% h%érgg%ﬁ arflgﬁt emitting

sem conduct or light emtting device 10 hayving
deyice having exeglswhproperfipsrannot ke prpdingd e g Thgrefoss, ml ﬂtj present
. electrodes on both surfaces of the | anmi nate conpri sing
ineenploatiteis hagessarg 6Prenfova tipd wtbstofte evnewheal cohductiveeiC or Si is used
substrate 1 used to produce the |am nate 101
foEepubstangl.a substrate and a plate |ayer include oxide
single crystals such as sapphi re single crystal

(Al Z(ﬁxe HRfRE BYEr 2 fs f@ﬁﬁ‘é’@to IMH t@‘ﬁf‘e e IR sRERNRL to mismatch of

spi nel single cryst al ZnO single crystal,

th i EoRb s B Q%aa%téﬁ%na4YB‘91’1‘§“?6¥%?{‘9‘1“‘1%‘§"§9135@3 For
x%ﬁﬁzge % @F@W@F@i@&? i Sk foPmad on o S1PBaR Lmily of sapphire

the substrate 1w thout any I|mtat|on Wen a

single eiystal, iee lotiiss cpastant of gapphise singleissystal ead thedattige castant of
is used as the substrate 1, it is not necessary to

GaNé diffee by H@Ysormbreat ¢n whientopmprons the crystallipity of 6iaiN, inraderials
devi ce conprising positive and negative el ectrodes on

ha¥@igh Bittick @6@art befvreh thdlaury @6nst:ﬁitsﬂ@i%applﬁﬂ:fsﬁﬁ%1e t@y@rl and GaN,
which is insulating cannot be used and crystals of the

~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.

On the buffer layer 2, a semiconductor light emitting structure is formed. The
laminate 101 comprising a substrate and a plate layer shown in FIG. 2 comprises a nitride
semiconductor, and specifically, the n-type nitride semiéonductor layer 3, the nitride
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: AldnyGay..y N (0=x<1, 0=y<l, and x+y<1) are known. In the present

invention, nitride semiconductors denoted by the general formula can be used without
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nitride sem conductor |ayer grown on the buffer |ayer

are degraded, a light emtting device having excell ent
wafoopestizies cannot be produced. Therefore, in gd¥@rp2006/318231

present invention it is necessary to renove the

substrate even when conductiye SiC or Si is used for

the substrate 1. The buffer layer 2 is forned to
anynlimitgtadre t he effects of stress due to m smatch of the

| attice constants of the substrate 1 and the n-type

ni t r pRGuERIH HEMEACTP thek@yigideIemfdndextarRrenotWigifed® The

crystal layer made of GaN is forned on a substrate 1

preg%g ?m%ﬁ&@msfe%p%ag&& P4 hmﬁégﬁ%s hibidas For RN

sapphire single crystal and t ['attice co
Ga iffer by 10% o0r re..ln order . i.mprove the ..
G s R pepYocariveedie TR fept el Bonk St Ra Yobat déposition
const ant between the lattice co ts of sapphire |
me 054@%}%&54@3% aalz%m,ﬁa%e&ew aPmal §aEn CRIERTY
for the buffer layer 2. In the present invention, AN
methed (MBEN dmeonghessolromidhe paintpiagew héconirdliabilityglethe thickness
wi thout any limtation. On the buffer layer 2, a

of 8 éilvh camd doesss productivity, MOCVDng psefferalddeure is forned. The
| am nate 101 conprising a substrate and a plate | ayer

showylied MiOEVIPisGREPtd [i88ucd ti difridé@emPdind Qe 69 pref@iBle that
specifically, the n-type nitride sem conductor | ayer

hycgrﬁ)%ér{\%lez? th x{h;tllggerﬁﬁgp ela[eIn et Qrcafdé:g t&sé ?f%t kﬂﬁ)@@gig@%‘nﬁgln ﬁ“ MG) or

I de sem con ayer

.conventi ight, emtting structure su as a_doubl
wiRIERRTRC) b 8RR O tleelhE ¥ PRl o ire? gialeaal oo

.multi quantum wel | str ucm,e can_be used in the
trimgethglafymipyy M Ay pr trgthglalymipymg s TEANDe Bird s B AL spuigs: that

_sem conductors denoted by the general fornula: (0 x<I,
trirgethidindiwm Ty et tricthybindinonv@d ED) be ushé apare Besourdengrdhthabn,

nitride sem conductors denoted by the general fornula

am@fonid @ HES etlhydrhdioe (gH;) be n3edat b dhsource which is a group-V source
material. As an n-type dopant, for example, monosilane (SiHy) or disilane (SizHg) is
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
bisethylcyclopentadienyl 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 small contact
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 layer 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

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



10

15

20

25

Producti on nmethods for these nitride sem conductors

are not limted. The present invention can use all
woRbdyadsvhi ch are known as nethods for grow ngcr/sp2006/318231

G oup-1Il nitride sem conductors such as the

met al organi ¢ chem cal vapor ldeposition method (MOCVD),

hydri de vapor phase epitax aS)I—I\/PE) ,. .or nol ecul ar beam
thatsif Phx yThasefatss (w&@mom#é Ieanaferial forihe phnie poptagi dayer 6.

view of controllability of the thickness of a film
Haweleralss cqr edused invdeviges ldD@Mohiadopreehtactaiebistansdis movequited.

is used to produce the nitride sem conductor, it is

pr ef eroadpdiy bhain dwer @aeRt fekistancs, thi thickess of the) olagic ¢omtdct
as a carrier gas; that trinmethylgallium (TM5 or

laydrleql Eb@f%&im&%ﬁ call§, HAGHord pre¥erFBlySOMth ©f gVt S
a group-

source tertal; that trifrethylallum num

T of triethvlalumnuni.(T n .
paltiir i BN o s ErRb e B0t B o Brelsr, pmitorm

(TEl') be used as_an In source; and that ammonia (NH3)
cogtachipgisianes canbqabtaingde ysed as a N source which is a
~group-V source material. As an n-type dopant, for

exanplihe refiestive layané nyage pf pgopl, @r 8n pgietheispt mgy be dormed on the

preferably used as a Si source, and germane (CGeH4) is
ohmiie cemtadt|lyyen e d Azsand Abhasoa higher flectivtytthaePtibpRhf Ru, Os, and
for exanple, biscyclopentadi enyl magnesi um (Cp2My) or

PPinsBE Migltty el RRaRblRvaVIdngiRI N ERALE) sifdeliich) f#bf)thé sittiged
as a My source. The ohm c contact |layer 6 is used for

AaRGOEh G R BF L SILELS BB o co
have a,smal |, coptact .resi st.an tQ,the pytype nitryide...
begueoA e She ey AV PHE PE &gl of B0 ey Bl In dddition,
resistance to the p-type nitride sem condyctor, |ayer

when b ssfieaiiee lgyer his nﬂﬁ“‘éﬂ% e B3P afif theeot ppd the phinag contact
Rh, Ir, or Pd or Ag, or alloys thereof is preferable

laygr 6ismade ghin eopughifer light to pass through, sufficient reflected light can be

obtained in addition to obtaining an excellent ohmic contact. Therefore, a high-power

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 ohmic contact layer 6 has a
thickness in the preferable range, sufficient light passes through the ohmic contact layer
6.

The production method for the ohmic contact layer 6 and the reflective layer 7 is
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

greater of the same component as the main metallic component of an alloy contained in
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ohm c contact |ayer 6. Anong these, Pt, Ir, Rh, and Ru
are nore preferable, and Pt is nost preferable. Wen

wOdoi73eed for the ohmic contact |ayer 6, excetir@pione/318231
reflectivity is obtained. However, there is a problem
that the contact resistancelef Ag is higher thanthat
of Pt. Therefore, Pt is the nost preferable materi al

thef glatetldper 8hnTor exampls; when yherplate lagsnBismadeny elaeiralessiNi@plating,
in devices in which a | ow contact resistance is not

sink€ tHél th&ifl cohPodn@ bt the plit@laged 1sQV, the plae hdhesondiyrn 8ds made of
the thickness of the ohmc contact layer 6 is

a n%tafc%ﬁgmssﬁ G0ds BYhass NG A maid B6mPBrieat.PT B RaAdnY the plife

or great I'n particular, when the thickness of the

d]?egh({nglgfe%%t q‘gite{ab?%gormcrﬁise%g%hgcgﬂa neg&%?%i@r OH t.o?'i\m’. That
i, 152 T g Resi o Sy A i per iy o 53&“ eoaﬂﬁy X%Q%C%tamed

hi'gher reflectivity than Pt, Ir Rh , and_ Pd in
in thelate &yt @ t Bhapropertips oE @Ommz@méwgmmnedmﬂie allgy isnefvery
light fromthe nitride sem conductor |ight emtting
imbayatt. 4In erdentb praxivee t kdyvicehdang extellent prapertprsyat iseffective to

devi ce can be produced using the reflective | ayer nade

for thdGPlatébdheionasyed Blbeforé Fefewd the plat@lged 9 Byusing tie sahire alloy
reflective layer 7 is nade of Ag, A, or an alloy

that G gﬁgefs gﬂri‘ﬁﬁ t[ﬁ'ﬁet: &?Bﬂ & 5 & Yo RBhtab @Gl 1S made thin

enou o pass through, sufficient reflected

li'g hﬁﬁl 8&?: ob(t)a% %}'{ aﬁht?% é:l:; Oﬁlcﬁcﬁesg%&'ﬂke%lﬁg adflesion layer 8

exce m C con ore

) ﬁéﬁ ain be roduce The ess of the o&g

1S R Y Ol or grepter, gnd are Bi r% Y AR PT PRERLET- “Hoe
preferably 10 nmor |ess. Wien the ohm c contact | ayer

thigkness ofithe iplatk adhesion kayen® igadiwstqddn|Oel 1 oy greatans yitoraradhesion

| i ght passes through the ohmic contact |ayer 6. The
capbedbiatriedn Abhowgd there it heuppgendinictortbathickinessarf tite plaw adhesion
the reflective layer 7 is
layer 8, it is preferably 2 nm or less from the point of view of productivity,

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
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

for supporting the light emitting structure.
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not Iimted, and exanples of the production nethod

t hereof include conventional sputtering and deposition
woBbiyadss1 The plate layer 9 is forned on the oporQpr2006/318231

contact layer 6 via the plate adhesion |layer 8. The

pl ate adhesion layer 8 is mage of an alloy conprising

50% by nmass or greater of the sane conponent as the

mai n Buth eletiralessqigmgemt elsttralysia platipg coussd dercprpdudieg the plate

plate | ayer 9. For exanple, when the plate layer 9 is
laysz®e Wheal @edtoldse phitibl B usbditii is prefedabledo ubea NGl alloy. When

conponent of the plate layer 9 is NI, the plate

. : [ sl ng 50% b
elﬁcﬁx‘é@%ﬁmﬁh&yﬁ Iil%&l, ktSs Prafeatid toPusE®hPdr LOABNGE NY o by

| as mai N conponent. In addition, the plate

adhesi qn, | r.8.pr i - Whi '
seconnariy R FpisRaRpEFieR bo R IBE » BRIty dhtibkness of the
adhesi gn | ayer. 8 |s nore pref bl de of .the.sa
plafe laygr g 45 elsrably A0 HmEtedier, hgtrtgF afaéenﬁxvef 15400 gk, the plate
proportion of conmponents contained in the alloy is not
layesSyeapitypprelsand prpdustibibity desrensesy thesefarey dhg; thisknesy isgreferably
excel l ent properties, it is effective to formthe
2(0lah er kdhesi on | ayer 8 before form ng the plate |ayer
9 by using the sane alloy that conposes in the plate

| ayerBdloeplafgl R icpefcasle © dREfaye addwashdie siracobf tierplate
excel | ent adhesi on, the thickness of the plate

adBE865 1298 & agigg \y&iélys uddIGkREARErfnts. NTh Q4diB6R3E f%ralso?g&“erable

nore prefera run or greater. Wien the thickne
togghtany “Ghiriy Rius B adtendn BRELE LB Y ki it acid
RS AR BR10R Blmoni e PRSRGR 5 or 1 cos From.

the point of view of productivity, The production

met hoWhemwthetphate friyear @isadNi@nlaing, theaatg layer feray be formed by

specifically limted, and exanples thereof include a
elegroles plating lusinp utfl @ ingrigthnenipodingrcdsodegeardinidkehsuck b oitkel
sulfate and nickel chloride, and a phosphorous source such as hypophosphite.
Examples of a suitable commercialized product of a plating bath used in electroless
plating include NIMUDEN® HDX marketed by Uemura & Co., Ltd. The pH 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
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
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Since sputtered particles having high energy hit the
surface of a base to forma filmin the sputtering
woBbdyad242it is possible to forma filmhaving bteghp2o06/318231
adhesi on. Therefore, a sputtering nethod is preferably
used to formthe plate adheqdon | ayer 8. After formng
the plate adhesion |ayer 8 having high adhesion as is
addednb shenglatimbloatle, Exmnplesefa doaymerc@liped pmduct of adepeling agent
thickness is formed. Since the plate layer 9 is a
usédippiadé ETRSE-Af &1d BTINQOB] infdkered i lenpdra & Cb., Tk | i ght
emtting device 10, it Is necessary to have enough

thi ckngasr t%ﬁﬂlé)%JeedﬂHEJibﬂ O the! RS lhyér"gatoriﬁéi: PlaR3dheQbn Igal_s}@r 8, it

light emtting device 10. is, the plate |ayer
o | at b ¢ . . A
is Rl RURaS R Bl Il B DPAE hif bt r e prbferably
n Bri L0 005 BRSNS 1B S eiie 05Ge an

Ni P al | oy. Wen electrolysis plating is used, it is

30prefthe adhesionanajste fogther imprayedabytpfimi¢ properiies may be degraded.
mai ntain sufficient strength for a supporting base,

"t he tAfiee koradisg the pldielageed, ¢hd sspphir®sibstrige dfierendvied i6gethrer with
or greater. If the plate layer 9 is too thick, the

thdbate 1dyay 2o Prodasd thy laaeiahts 18D doRbesiHg hipkité idy¥r shown in FIG. 3.
decreases; therefore, the thickness Is preferably 200

Ex3Hpfs of ?éﬁovﬁgﬁﬂl%dﬁ FRihd Gbstrdte | SndbdS £lyaRheriRnal methods
d sh t

egrease an e surface of the plate adhesion

l.aver ,.8 .using.w de usgd.heutral detergents hi
sucfy th%lﬁ,ngﬁqtgpgg,éﬁri%erﬁlﬁgpg?abl e to chemcally etch the
surface of the plate adhesjon layer 8.usin i ds..such
2. nitter gerauitie ths ShsaisoL A0 BHEER 753 itfemoVP PR ROLTNE;
pl ate adhesion |ayer 8. \Wen the plate layer 9 is a
etakiing, pt theilikg, andithe pitypeifrigdg semopdycterdaye dns gxppped as is shown
el ectroless plating using a plating bath conprising a
in§F@rxe of nickel such as nickel

After that, the negative electrode 12 is formed on the n-type nitride

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
layers is formed, as is shown in FIG. 1.

As the positive electrode 13 formed on the plate layer 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

positive and negative electrodes with high adhesion, which can output high power, and
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sul fate and nickel chloride, and a phosphorous source
such as hypophosphite. Exanples of a suitable
wouimiBEf2al | zed product of a plating bath usedplir/yp2006/318231
el ectrol ess plating include NI MJIDEN(r) HDX marketed by
Uenura & Co., Ltd. The pH ofjsthe plating bath during
el ectroless plating is preferably in a range from4 to
whii€h dessaiot fenetaperient,ds produtdder eof is preferably in a
range from 30 to 950C. When the plate layer 9 is Cu or
a Cu alloy plate, the plate layer 9 may be fornmed by
el ectrolysis plating using a plating bath conprising a
E)%H#ﬂéfse of Cu such as copper sulfate. The plating bath
uring electrolysis plating is preferably strongly
aci di that.is, the.pH thereof, . referabl y. 2. or
| ess Bce‘ll% P %{P{B}?dé‘%(iﬂté P gg’fe nilt?d% P %f“ecf’g‘%lfcsm%i'ng%g range
en{iﬂmgl dkPick acrlifg taMhd gmel_@t inveaition il He eLplinee Madr at ur e
250C). The current density is preferably in a range
re rw@@cmlqmw(énmparm%@mleﬁr eferably in a range
from2 to 4 AVdn2, hi addition, in order to nmake the
surface snmooth, a leveling agent is preferabl yadded to
_the g* ating bath. Exanples of a commercialized product
Exgpple f evel i ng agent used include ETN-1-A and ETN-I - B,
mar keted by Uemura & Co., Ltd. In order taq inprove
adhe&iomsapphirnaubsiraec bufles laysr mgde ARARY hevang athicknsss of 10 nm,
layer 8 it is preferable to heat treat the plate |ayer
a Si-dopaé nitpet GalN eantating layerbeviag artkickeesp pEf gmalohd am n-type
range from 100 to 300 OC to inprove adhesion. |If the
InhE, oV @Indaing tlayee havingd Kb cldeadof3W 1 Grerd heninatbdm this ordat.
be further inproved, but ohm c properties nmay be
THRIE ARG mitink Hyef BAVThE S ntlbe vRl1akBctufe] & Wﬁichtahrﬁidﬁged n-type

sapphire substrate 1 is renoved together wt

R SO R QRSN 00 R R TR
L B AL T N T

was laminated on the cladding layer. After that, a Mg-doped p-type Alp g7Gag 93N

-cladding layer having a thickness of 50 nm and a Mg-doped p-type GaN 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
layer having a thickness of 30 nm was formed on the Pt layer by sputtering. The Pt and
Ag patterns were formed by conventional photolithography and lift off techniques.

Then, a 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 solution (5N) at
25°C for 30 seconds to remove an oxide film formed on the surface of the NiP alloy film.

Then, using a plating bath (NTUMUDEN® HDX-7G, marketed by Uemura &
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After renoving the substrate 1, the buffer layer 2 is
renmoved by polishing, etching, or the like, and the
\yozmwag;nhtride sem conductor layer 3 is exposedrap200§318231
shown in FIG 3. After that, the negative electrode 12
is formed on the n-type nitlhd de sem conductor |ayer 3.
As the negative el ectrode 12, negatiye el ectrodes
Co.Hatdi)nan dlecticdess plasedoxsrmasiesl atiPalloy bpving 2 thirknegsglp0 nm
In the present invention, conventional negative
wasdofiéd avithe NiRallbe filis xpradudecaplatelgydri(mictalitc piate septrate).
exanple, in order to apply voltage to the entire

TheSdiEdi@1es platihf) val pérfsiehet indértdndRivns anehich die playas 43, the
the transparent electrode 11 such as ITOis forned,

temg%nﬁg a)lgsa %Q‘% Qﬁcgﬂ#e'gx‘réne ’n? BldeQAR ok "PA A tﬁkgrlegilting ilaﬁninate

- I | f as is shown in FIG 1. As the

ositive. el ectropde or I :

coris ASeHe PEe Bleber S aus e RENREA Sl HIEL Poas peated
and the |ike are known. In the present invention,

at?é@?ﬂ/@ﬁtli}@ﬁé}l31%§ﬂeﬁ‘&@""éﬁ-ectrodeg can be used without
cany limtation. In this way, a nitride sem conductor . .
| i ghAfterthat the gapidite sabstiate and the hyfferdarer pees xempyed hy polishing
negative el ectrodes wth high adhesion, which can

to expbfeithe hitge emiemductodahérch does not generate heat, is
produced. Exanpl es Bel ow, preferred enbodi nents of the
ni t 1 theSRHIpE QHIEARICtrI gk, RMTO filhg (SH4 L6%F e Igying a
to the present invention wll be explained with

ﬂﬁc@és%% (1?26? né]owgsxﬁm&ﬁ?}; a%sgfgﬁpa"rﬁéﬁ, e BRI &Srode comprising

el
xan ( sapp e substrate, 'a buffer layer made
a C? film h'glvf?lg\élt&%kl?esg Qf Ed( rrl}%,sg’ T ﬁlrr} gaxgiﬁg 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.

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.

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
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 cutter knife such that grids having an interval of 1 mm were
produced. The depth of the scratches was adjusted to the distance to the surface of the

sapphire substrate. Next, after heating in an oven at 200°C for 30 minutes, the laminate
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a Si-doped n-type GaN contacting | ayer having a
thickness of 5 mm and an n-type In0O-1Ga N cl addi ng
woOay@rshayi ng a thickness of 30 mm were | am nabedspfos/318231
this order. Then, a light emtting |ayer having a
mul ti-well structure, in whigh a Si-doped n-type GaN
barrier layer having a thickness of 30 nmand an
wab rdpidlGaolsditon®0°C ih awatar ahdithiengirigdt hASikkntbet anhdiesiyerape
were |lamnated five tines, and then the barrier |ayer
(adBBsivé &dlopRirRdapd)@adthan mad, eshrketed beNedhilstai g, 1Ltdy)awas adhered
After that, a -doped p-type Al 0.07Gao. 93N cl addi ng

clolsél¥ % tﬂg@g &k &F tﬁ@?ﬁ@@fﬁ vHeretfie Tt AR Erafc M wdRRBAle, then the
p-type a

contacti ng yer having a thickness of 150
| am nat . ¢ i o
ey e i pesfont S SATRR the Bia i Hon il igh of
g o b B DS ESt L e Rl it 1

that, aAg | ayer having a thickness of 30 nmwas formed
1 rom fotveedy thaiseartspratohes. tveasicagnted h et isa idhend 09 partiippssremain,
were fornmed by conventional photolithography and Iift
it ipbbaltehas "gogeelidgien Thardsules aklsbywih id FatéNl. 80 at % P:
20 at% having a thickness of 30 nmwas forned by
sputtering to produce a plate adhesion |layer. The
surface of the NNP alloy filmwas imersed in a nitric

Exg’)%:P%géﬁ!ﬂPt%@grdm arﬁfve@&m%ﬁérs 139 3seconds to renove an

on the sarface of the NP alloy

o et A AP R R

| ayer made of a Ni P alloy having.a thickness of 50 nm
g MR LodA R RPples 5Pt Hiahibe sopPOsitiaR ang {he Jigkness of

| ayer (nmetallic plate substrate). The el ectrol ess
thepplateiadbesivislaperrand theplatgieier weehehiangehs The expluation tgsulfsiqre

was 4.6, the tenperature was 900C, and the treatnent
showmin Téde B hours. After the resulting |am nate

conprising a substrate and a plate |ayer was washed
with water and dried, it was heated

Example 4

A nitride semiconductor light emitting device was prepared and evaluated in a
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 alloy film,
and a Cu film having a thickness of 50 pm was formed in an electrolysis plating method
as a plate 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

of ETN-1-B) was used, current density was 2.5 A/em?, the plating time was 3 hours, and
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at 2500C for 1 hour using a clean oven. After that,

the sapphire substrate and the buffer |ayer were
woesmussi2py polishing to expose the n-type PCT/JP2006/318231

sem conductor |ayer. On the n-type sem conduct or

layer, an ITOfilm (SnQ2: 1UB% by nmass) having a

t hi ckness of 400 run was fornmed by deposition. Then, a
matesgabiteinired eppeoplosplaipWas ised 28 awpnede m havi ng a

thi ckness of 40 nm a Ti filmhaving 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 I TO by

2 léhﬁtor@tter n of the negative el ectrode was
CO[QE (be é) nventi onal photolithography and lift off

tec @8%%5?&% %&e@gmz&%glzﬁﬁ lght E{ﬁﬁtlﬁ H¥HEe was prepared and

seni ect ode corrprl sing a
Au fil m havi n, ne
ag,@ﬁggp plxqﬂpner SWICBF h) lﬁPte@xm éa’ eﬁ]c qu%t &d&%)n layer
into the nitride semcond Lght emtti

havitigsthe compsii@n andih fHekng eupip ﬁ@?ﬂé”%}“# 3P?d1 d qcfﬁhe plate

order to evaluate the adhe3|on, after makin and
adesiah layer mhde ofFinaTle coiptivs rasyltsars shewn it Tablhl a
plate |l ayer, a peeling test was perforned. As the
peeling test, an accelerated test conbining the nethod
specified in JI' S H3602-1992 and a heat shock nethod
was used. That is, |inear 13g)qt ches were nmade in the
ohm c cont act Iayer and the plate |ayer using a cutter

'C:n.r—l‘r):d'jc‘; :Iltl”mhﬂa?;ilg él ﬁl E??,Qf:él ”gt:izl.}':.l %§£%§I> k;;QsL st e%@llﬁ%?llslfllgn

the di s{&REWOpGoRhigknessdC }‘g ?Sﬁtéor% agw“ T e gubstr LaLe

Next , af {%rbymass) ng (#mhn 1ol hodnm), 34" peelingitest
Examplgtles | SANi-28Ri rjat eds ra_p$QN1y7~QPnn| ed 3% 2qoc in 100
Exiaper2 and 8ONeBORriled. 5Af t e 80N#20Pan | adh®®i ve t ape 100
Exh@aelkesi ye sori2ophdne 108pe, | WB@NH20PL2 | nm SGrar Ket ed BP0
Exhnpiéifoal Co.cu Ltd) wag adher edu 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
Example 4
Comparative Au 30 Cu 50 49
Example 5
Comparative | 80Au-20Ge 30 Cu 50 54
Example 6

Tt 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 adhesion layer and the plate layer. In

contrast, it is also clear from Table 1 that the nitride semiconductor light emitting device
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closely to the surface of the plate | ayer where the

i near scratches were nade, then the adhesive tape was
woealmdhjom the surface of the plate |ayer . Pphegr20bbe18231

nunber of remaining partitions which were not peel ed

out of 100 partitions havingl%® size of 1mm x 1nm

formed by the |inear scratches, was counted. That is,
hawhgmoaic pdhesioni layss in Eomiparative Exampled), and e nitside semiconductor

peeling". The results are shown in Table 1. Exanples 2
lighp dmﬁtiﬂgldexﬂfwmﬂmpaisiingethEph@i(ﬂ&siﬂm tayeSmadewof Au dédich does not

sem conductor |light emtting device was prepared and

coRtR Nat ﬁctdrﬂ;gaﬁtaﬁwm@dm plEeindand nitdd feaicoptiuéis e ﬂg{t%nﬁmng

except that the conposition and the thickness of the

Le evggggg ltl%ﬂpllfng)ségfl? s ar g&qﬁ%a\ﬁm%%ré ‘?yﬁ”"wﬁﬂ‘ia@é}q’%@ﬁ"mﬁn
N R TSV TR PSS

of Exanple 1, except that a Cu film having a_ thickness
of 3dnadditien it isichesn fgyn Fable | that themifride semigonductor light emitting
adhesion layer instead of the NNP alloy film and a Cu
deviderwf Eaamoply 4a it whichitbs platsflagd wanmasls of Gurbyctléctrobysis plating, and
el ectrolysis plating nethod as a plate |layer instead
the Elatehﬁihb&i&l Blybowad alkérmadbef €w,Has siipepior adission Hedveen the plate
own in Table 1. Mreover, Cu was el ectrolysis plated

aJh@sn% RYsCHdithepRicAhFer! aﬁ?&on‘t&@&eft i€ A5 ARSI rmbmhltﬁét the
atlng bat h conpr|3| ng 80 g/L of CuSO, 200 g/L of

: ei“‘l :én%*t&‘ 1t gmztilhgﬁﬁi?{ﬁaf‘%‘?{é?dh 6 ]f%‘ B
C%)Ingarﬁﬁ'i\iﬁﬁ#&ﬁ'a 312 88riaS st E@augf Bebton B ieRick o gpjsing the

copper phosphate was used as an anode,
plate adhesion layer made of Au which does not contain Cu in Comparative Example 5,

and the 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

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
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 maiﬁ 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

surface thereof having high quality and stability.



Conparative Exanples 4 to 6 Aconparative nitride

sem conductor |ight emtting device was prepared and
weEwateetad in a manner identical to that of BExanpir@odi318231

except that the plate adhesion |ayer having the

conposition and the thicknegg shown in Table 1 was

made i nstead of the plate adhesion | ayer nmade of Cu.

The Bvaiditin, the plas ldyes oae ef thh componenT abihe nitridg a¢rhigonductor

It is clear fromTable 1 that the nitride

hgﬁ@éﬁlﬁﬁi@%@fce lof tHeQtbseafinvétif I vhaghahickxasph®sirehgthoo
3, In which the plate | ayer was made of N P by

supj{o?tcthg RJ&E?&P%%E%% thﬁ@é{néé" e ThbRtdte qgﬁ%ﬁﬁleltﬁét%e 1%!@@: layer

is the same material as th

stabf}awﬁma’aﬁ'sﬁ “iou a8 RS BoRPREER, 2™ R Cont rast.

is also clear from T Table 1 that the nitride
sen1conductor light emtting devicehaving no plate
adhesion layer in Conparative Exanple 1, and the
nitride sem conductor light emtting device conprising
the plate adhesion | ayer made of Au whi ch does not
contain NiP in Conparative Exanple 2, and the nitride
sem conductor light emtting device conprising the
pl at e adhesi on | ayer nade of a AuGe al l oy whi ch does
not contain NiP in Conparative Exanple 3 were inferior
with regard to the adhesion. In addition, it is clear
fromTable 1 that the nitride sem conductor |ight
emtting device of Exanple 4, in which the plate |ayer
was nmade of Cu by electrolysis plating, and the plate
adhesi on | ayer was al so made of Cu has superior
adhesi on between the plate adhesion | ayer and the
plate layer hi contrast, it is also clear from Table 1
that the nitride sem conductor light emtting device
havi ng no pl ate adhesion | ayer in Conparative Exanple
4, the nitride sem conductor light emtting device
conprising the
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pl at e adhesion | ayer made of Au which does not contain

Cu in Conparative Exanple 5, and the nitride
weRgr/enpguct or [ight emitting device conpri si ng1iroo6/318231

pl at e adhesi on | ayer made of AuGe whi ch does not

contain Cu in Conparative Expnple 6 were inferior with

regard to the adhesion. | NDUSTRI AL APPLI CABI LI TY The

nitride sem conductor |i gBLABYBtti ng device of the

present invention is a nitride sem conductor |ight

em tting device which has higher adhesi on and does not

peel and which is created by form ng a pl ate adhesi on

1. layeg nﬂ:ﬁh%@%ﬁc&&ﬁc&? ﬁgﬁt @%@Caevk&&%ﬁapﬁgﬁgfahreaﬁlaﬁto@nnic

| ayer, and rmng pl at e "adhesi on | ayér of an
al | cont ai ned.i,n 50% S _or . . fee
corgast R AP-22° B T ReIn O S gk o R babic Bt MRy cmiving
the plate layer. As,a result, the present inventi.o
layg 9w Cepe G SERICO TP lArCEmE sy PRl LA e
el ectrode and a negative el ectrode on upper surface
and whevein asplateadbesidrclapertis formed Getiegh thpadmie gortaef layer and
stability.In addition, the plate |ayer, one of the
the tyentndf the nitride sem conductor light emtting
evice of the present invention has enough thickness

and gl Hei0hdhebion $HRP &Y thadd T 2RIy COMPALIAE 50% by Miss or greater
devi ce. Therefore,” it is possible that the plate | ayer

¢ : : X :
of Bk T BB S PR e b
emtting device conprising at |east an ohm c contact
| ayer, a p-type nitride sem conductor layer, a nitride
sem conductor light enmtting |ayer, and an n-type .
2. ni t r THeniyedn seatenndpeipr ll&@i@f@ﬁmid@ﬁwsﬁ%cqrgﬂﬁ FIEHD bywherein a
pl ate | ayer, wherein a plate adhesion |ayer is forned
thitlateseefithe hlatedaydérds womtaage fromyky prahel20hpmp| at e | ayer,
and

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

‘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.

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

the plate adhesion layer is made of a NiP alloy.

6. The nitride semiconductor light emitting device according to claim 4, wherein

the plate adhesion layer is made of Cu or a Cu alloy.
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the plate adhesion layer is made of an alloy
conpr|5|ng 50% by nass or greater of a sanme conponent
w8S0@/ iR conponent of an alloy contained in tpg PlodéSis231
ayer. 2. The nitride sem conductor |light emtting
devi ce according to claim1p2wherein a thickness of
the plate layer is in a range from10 nmto 200 nm 3.
7. The Th¢ nitdde spiit@wlnckoe ligit emitiing denice hécogdidg vo deim 1 or 2,
according to claim1l or 2, wherein the plate layer is
wh@%ﬂ@a Hicithebd &F 18 bite adfesiGi Ry B ik § far3! oBP0.0 Wed &2 pm.
l'ight emtting device according to aiml or 2,
wherein the plate layer is made of Cu or a Cu all oy.
5. The nitride sem conductor |ight enitting devi ce
accordin o cl.aim3 th at e _adhes r
8. 0o e AfoSapgoruipy HE <Eflin nqeeH%F AR A 32
light emtting device accordi to claim4, erein
whefean : meaxh@lgswg@ﬁtéayer wyBadejof ane selgcted éa"&e group
alloy.7. The nitride sem conductor |ight emtting
conpistingef R¢,dox, @snBhy In, R, Aignand alloyg thewdodr ei n a t hi ckness
of the plate adhesion layer is in a range fromO0.1 run
“to 2 mm 8. The nitride sem conductor |light emtting
devi ce according to claim1.or 2, wherein the ohmc

9. CONt ggt nhtAYEenhiSoltRERT ﬁgmae&m&ﬁ@s;evfae ac&ﬁalﬁg tt&slafn& q> B 2,
the group consisting of , Rh, d,

t
iy stﬂlem% ¢ OFHE Shmicont &? géli msr@gmﬁ%gm Gl édrgﬂ
t hi ckness of the ohmc cont act layer is in a range
from0.1 nmto 30 nm 10. The nitride sem conductor
light emtting device according to claiml or
10wher dha ngride sqnpigendystor ightremittingedexicg pcggydingto 61@11% or2,
all oy thereof is forned on the ohm c contact |ayer.
wherein a reflective layer is made of Ag, Al or an alloy thereof is formed on the ohmic

contact layer.

11. 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 ohmic
contact layer, a plate adhesion layer, and a plate layer on a substrate made of an oxide
single crystal or a semiconductor single crystal in this order;

after that, removing the substrate and the buﬂ':'ef layer; and

then forming electrodes.

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

according to claim 11, wherein the plate adhesion layer is formed by a sputtering method.
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11. A nmethod for producing a nitride sem conductor
light emtting device conprising: |amnating at | east
wé 20ioseh | ayer, an n-type nitride sem conduct per)yB)igesisesi
a nltrlée sem conductor light emtting |ayer, a p-type
nitride sem conductor |ayer »3an ohm c contact |ayer, a
pl at e adhesion |ayer, and a plate |layer on a substrate
made of an oxide single crystal or a sem conductor
single crystal in this order; after that, renmoving the
13S Ubs tihat@taiittol PR dAhE @Mmithia¥ Sdmicamfhcidieipht &hitfintdevice

el ectrodes. 12. The nethod for producing a nitride

| . .

o QFEngRECHER U ok 138l Mtk K BORERD LB ol ping

%gu tering nethod.13. The nethod for producing a

i de sem conductor |ight emtting device according

to claim1l or 12, wherein the plate |layer is forned

by an el ectrolysis plating nethod. 14. The nethod for

producing a nitride sem conductor light emtting
14devi dle amtloyddion gradociog ainitride samicomjucigndight emitiiveg ¢dvidee

| ayer is formed by an electrolysis plating nmethod. 15.
acddi@ing®b bRem f10or P2 Ok tiRGheplaietliyet és foewtd by duelecitollsig plating

emtting device according to claim 1l or 12, wherein
mahdper formng the plate |ayer, the obtained product is

heated at a tenperature in a range from 1000C to

3000C.

15. The method for producing a nitride 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.



