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l'ight emtting d|o e, nore particularly, to a
light emtting diode hayl ng current bl ocks. Background
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I'Tght sources, however. LEDs nust emt as nuch |ight
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form ng an epitaxial |ayer structure, formngah éDQ'
el084 » odréh.rptqrre thers is @ nggddp thegete© improve' the structure~of LEDs so that

they emit light in the most efficient way possible.

SUMMARY

[0005] in an aspect of the disclosure, a light emitting diode includes an epitaxial layer
structure, a first electrode formed on the epitaxial layer structure, the first electrode having a
pattern, and a second electrode formed on the epitaxial layer structure. the second electrode
having a portion aligned with the pattern of the first electrode. wherein the portion of the
second electrode forms a non-ohmic contact with the epitaxial layer structure.

[0006] In another aspect of the disclosure, a method for manufacturing a light emitting
diode includes forming an epitaxial layer structure, forming a first electrode, the first electrode

having a first pattern on the epitaxial layer structure, and forming & second electrode on the
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having a first pattern on the epitaxial |aver

structure. and form ng a second electrode on the 1
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epi taxi al layer structure, wherein the second

electrode is fornmed with a portion aligned with the

pattern of the first electrode, the portion of the

second el ectrode form ng a non-ohmc contact wth the

epi taxi al laver structure.. [0007] It is understood

that other aspects of the esent inv .
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BYUSHRR)Y e FF Y RE 853K 't he acconpanyi ng drawi ngs,
wher ei n: [ 0009] FI% I Ais cross sectional view of a
vertical LED stPREFRISCRIBEHRY OFi H1E fl%*@ a top view
of a vertical LED structure, in which a patterned n
closmsact Viagousghrseim of hOWESE]t imjegHion 2 ‘|“§°”é‘F%§‘s“%‘ecbte BGpA and not
Vi BV, QF 11@idi RE 8K @b adeGRbaslih &R WINESs, whir@R12] Fig. 2B is a
top view of a lateral LED structure. [0013] Fig. 3is
aloeohgr &a- éhmr%gS“aﬂ%‘eﬂr‘F@rﬁ 2 gerHst YD @S buti on of a
Vi C2lr LR W DO or GUESGNE EBLORkre [OOFA s Fi@Sea n contact s
4 I||US rate a process flow for manufacturing a
vepri.cal LED with a netallic current block. [0015]
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acturing a vertical metallic current
bloock. UO@IGLs5%9»m@of&h@mUﬂagnammghomnng a current
densi ty di st.ri utio of a vertical sltzr%umntot}a vnggarl %Eb without
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current block.

[0014] Figs. 4A-4E illustrate a process flow for manufacturing a vertical LED with 2
metaliic current block.

{00153] Figs. SA-SF illustrate a process foliow for manufacturing a vertical LED with a
metaliic current block.

[0016] Fig. 6 is a diagram showing a current density distribution of a vertical LED with

current block.
DETAILED DESCRIPTION

{0017) The detailed description set forth below in connection with the appended drawings
is intended as a description of various aspects of the present invention and is not intended to

represent all aspects in which the present invention may be practiced. The detailed description
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[0017] The detail ed description set forth below in
connection with the appended drawings is intended as

a description of various aspects of the present

invention and is not intended to represent al

aspects in which the present invention may be

practiced. The detailed description -2 includes
specific details for the purpose of providing a

t horough understandi ng of the present invention.
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203, a patterned p-tvpe electrode 206, and a patternad n-type electrode 207. As shown in Fig.
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the LED device 100 indicate an electrical path is

vertically formed fromthe p-type electrode 105 to

the patterned n-type el ectrode 101. [0019] .A latera

LED device 200, as shown in Figs. 2A and 2B. has a

| ateral current injection configuration including a

substrate, such as a sapphire substrate 201. an n-type

GaN- based | aver 202 formed on the substrate 201, an

active region 203 forned on the n.-type GaN- based

| v @aris20De a@ivprebipp203CGakk-bas 6dN ibayee tay2(44, agd (BCLCL 20/en the top
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Lﬁ@ﬁ*ﬁ?d LQNikd @PveRfeatin® Rty pe s@%{\lﬁtp@@@q H-aM&k L%%exlb@r“'nalna
2A, the arrows shown b LED devi ce

.%ﬁ‘ame%fo SR TBE SATTPRE %\I‘a‘ﬁé‘f‘%g@e?tﬁ“ﬁ%ds Toa{‘feéroalaltg‘?“?f“ §ifig of the
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f iignk t@velien@ntienoeidod. (FEM nodel. As shown in Fig. 3,

the current density underneath the n-type contact is
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the modified area is greater than that of the unmodified area and a current block can be formed
with a uniform planaritv. The process of forming the current block will not affect the rest of

manufacturing process of the vertical LED device. Furthermore, there is no change on the

reflectivity of the p-tvpe electrode at the area with modified p-tyvpe GaN-based layver, when
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[0023] To prevent the injected current from being

wast ed underneath the n-type contact, a current

bl ocking region is introduced that corresponds to the
pattern of the n-type contact and has a high contact

vol tage. such as a Schottky contact, to the p-type

el ectrode. [0024] In an enbodi nent, a vertical LED
device is provided. in which electrical properties of
sonme portion of the p-type GaN based | aver is nodified
pednpersd @ thhersdepdsintbdifiedof-tyge patpped ISant@etexhm)ebs a Sehical
thas abhe icaptagh eeldage of the p-type el ectrode to

the p-type contact layer at the nodified area is
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PLLYGE eoﬁk Like a con ent | LED.
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has a gattern mat ching a patterned n-type el ectrode
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|faNc§3\rmd4@4 Wlo@rﬁa%uWnF BRUL 411, Rh{%mﬂrdebil i 'r@%’%mm? 408
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is ejther conp
odZE) Sy AdE P‘th”é ey iFe AP plerrabed acrmwmusrrmbleﬁrk 410ﬁe
Rod¥pe dQing IJ (6\119| thDEnoch?@bxsElaveyg@ %OQ ng | Q%( 20k 12 aver

|s resulted fromthe 1 on bonmbardnent
pOASrEPestEatman ol TP e SN bRb Bratiht ‘\lmoesﬁ Fw t*ﬁesho“s that the
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electrode 408 forms Schottky contact with the p-type GaN-based laver 404.




contact voltage conpared to the un-treated area. thus
formcurrent block 411 enbedded in a p- type el ectrode
| ayer 408, which will be formed later in Fig. 4D. In
one exanple, the plasma treatnent uses gases
including O N H=, Ar. He. tie. Kr. Xe, etc. or their
m xture. In the follow ng description, the current
block 411 that is forned by the p-type el ectrode 408
eposited on the plasma treated area 407 is al so
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ype e ectrode Tayer § can a be Indirectly
dBp% rn?wnzawﬂt hergismdyely maakeBadsdQ9 prahiems agyohnyif ¢dqtag with the

t . @RSEA-843Ld IRl aantBetwile a\é%na@mtappahownae Ty dRde 400, it is

ween. In e| t her  case, due t t he asna

trségal’tﬁ%{qf il a’”"r‘f“‘?ﬁmga‘h ﬁ’é” t%ﬂ?e?ep‘roc“yé%gpbeFaé‘éttFn'b"é ohmic
| cayredt 44108 fdroEdEnderodath-tiiiype el @ohdeaiod SIn\Mthwdsrhle lepd @s&m will be
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smittr@teeacééoﬂ 1dySr 408 a8 BE 86k ddOh 61 H € e ABCRANECA, P, Ni, Cr,
Tlpgort for the LED device 400. . A patterned n-t
e

b Bt SR B e b o irsoss
NMhirypentaihdased shabes okh2 cdnbat o Was-vy@t GAached Wit Heddh 6 the
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CANEAGI G 1P 4B@e, Ra wmcscﬁal\!rdha&% LaveK. 404.

Therefore, when a voltage is applied to the LED device

410030] i t Figs. 54-8% §luptizkeed yerichlatEd devipers@htsed Bigf fromandg process for

Wﬂgﬁfaﬁﬁﬁftc’hsﬁn@e ity R}eFlel @thf»@ﬂefoﬁ,qgc p%@”@%urrénh@lock a p-type
non-ohm ¢ contact 41 1 is_ fornmed underneath_the

G‘t\/b"’éedellaéeét’%dé a%bgr""loﬁ 8t AR AR5, baFelQé%‘ebe“raénfo”“ed on 2
Wiubdtrald 601, \Aﬂ&bedmlﬂ’k_‘ Bhe area under the n-type el ectrode
409. resulting in gher electrical power to lig

BRI siASPRFTF iR Eige h%y”‘ pote Pe iErede iRy gietfy ¢=ed~a%fﬁed Tﬂdb@z@]‘ pe Gaiv-
Fesedbatt Ba. |ak gmntemﬁoté A Qorfnkdi i \ﬁﬂh(}y” 4D heioio GHehie@fsitibef the

pattern of the c_bl ock 4
SRR LRrRls P AP P Ao TR WP o

pattber-tyedGas t’gﬁp@aﬁl ect rode 409. . The p- type el ect rode

lalgggg’ 4 8S’S CRTIX'I’ Fki)" oarpl’rrgtg)reg? .,61 a’(\)%lﬁé I’pg \T_-ét erpﬁﬁnt\’ posnte to and
asuds’tanrialt\haitcrhiralal p@ydeTheovplﬂttycpie Seomhatts hagers @@81’ in Fig. 5F.
Lﬁ“gﬁ&g@@ﬁtha -t\pla%lr mhe @{Uﬂ%’«' 'lrn eglcgnse?cnﬁxmgrocgg mtﬁln r[’5]=r(?orm~"'d

contact to fhe p-type GN- base ‘Faver except at the
on the masked p-type electrode layver 30\ to remove portions of the p-type electrod° layer that

are unmasked by the photoresist 306, and to form a patierned p-type electrode 507. as shown in
Fig. 3D. As the pattern of the photoresist 506 matches with the patterned n-type electrode 509,
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pl asma treated area. Furthernore, in one exanple, the
sub- mount substrate 410 may be formed by one of
netals such as Cu, Mo, W and Al, or their alloys,
sem conductor materials such as Si. GaAs. @GP, |nP,
and Ge, and ceram cs including A1203 and AIN. [00301
Figs. 5. A-5F illustrate a vertical LED device 500 (see
Fig. SF), and a process for manufacturing sane.
Simlar to Fig. 4A, before formng a netallic current
b krepkierad p-itpy pectrodaM7kasgthdiayierpabéded nappeattirase S6% Jihop-type
, pne . sed _ |.a 5 e for d o
R ST MR R B o Pl A TR Shed e
FF\@ GaBbasgd lsverype el ectrode Iayer 505 i s deposited on
ty I ased | a be descr.i be .
h(ﬁ)sgnj ulﬁ? 'IG%:%IaVr\? Fahur_.urren %I%kx Qa r 5%?0 % ﬁosxtdiepoosn o?% partterned
ofr e elegirody |387. elire oter edeolleabhem@% cugentraqasiparagert is formed by
ola@gogueqmt@ctsuclhaya@ #:NOt cShown)cuTRY, @l 80 rRPEnk AfNBY th@rr}n
the p- GaN-baséd 1 aver. [0032] As shown Fig. SC.
pﬁ’é?‘br é‘é‘?e{l VBB ORE ViR T Cﬁé‘ﬁctté?rﬁ”'w RPFes: Pomarit y“""”t b'OC‘*”‘"
oppesior eortne a atdohrsitibetant .t atdhynivabebii 391, at n%hemeed\ pe GaN-
basny%ger Wi %Btr t?e(?nec csooeged wjlthq‘hohlmslc coontarJEdO'aS S5>s=- 2as fnrm metallic
over ed t he FO S 2tt r buE Ay
5@@"ren1m0”&h>0§spect an etchl ng process |s then

peffiormed, on th ) pe elect r.50 N
ri‘?r%@eng}?)r\ iBAE g'f‘nF SU%q F i e@@t‘ro 5)7er t(ﬂg\t BestPlaye

anel. indalskecalyy cuient ;bm’,\tlog e@cr36085@6§ubawdnttcborﬁ @rtheraally and/or
ggte tﬁgarIQQOrQiu&Mpgub%l ﬁé”:foo{%? aﬁpeZhanQa &g;s)ow’] ll\ Fz! g%nhr%p% n-type

he pattern of the photoresi st
pateFEdn BrE - oI5 o e strFedel thegoigpe Ga\SD%SWea‘ﬁa%Q“eYhﬁéd*ab antached
pxayp,emetee@ws@geg(ﬁw con‘pl iments the patterned n-type
el ectrode 509. The égg \ael ectrode 507 undergoes a

KUl RGP IRGTHROE S OF &7t el ip FifFieE! RSP E ¢ formed
Wibkhath e ppn nteype\ﬁal\d-tbﬂse@b wagres vodd. is §#30:33) thk NerEctaQLL:D 500,

Ef 1€ ?‘ess nKF}\tt}Hat gc&i"ﬁ%t&?ﬁé\albnc gn(rm dlthg'?{):tgﬁ\.se 8tééd%ﬁ@9ekpelcause t%e non-
e)ohmplcentaqt hﬁefoneddalnld¢r@°amwn¢ empp Blegoide RGO AYeers. iess ¢Lmnemtedlll be

by}»ast‘:iﬁﬂp%uérﬁgurﬁgrt @1LSh, tvﬁcuglb"tr%é" @QQ Pt ’moNLr °leq'rrca T;')owthllo hight
Cu and”. vl o, and thelr ‘metal alloys.

W?%dﬁpn\rﬁ}{ﬁ’de’"rcgbﬁ‘h‘&jofj‘ﬁ‘ée‘bhm c contact formng process

t 36t akibi bl £ BRte-JUNREKhAGDA (FAMELimmO8d fmesﬁsd Rty distribution
non- ohm c contact, i.e., Schottky contact 511

aFWAS Ot Vi@ pEPYH® iyl bipsseH PR Iwihe KETRT Eﬂéqkn@ the p-type
C@lé&l"ﬁdmbye"f‘*hﬁ anres ﬁ)@@ﬁrﬁ@lﬂ&ogx‘.ax-ﬁbﬂﬁtﬂ a.rx@aslefn@ﬂmn that Jight

11 C E € cti 208 . Next, . L9 e curren
i ~-e%%‘ %1708t 15t *“@di gucwamaunﬂpoﬁ# e n”t%‘é‘o he curre;

Geibbstyas diskribaier be&62; and tingomet aldl itge ctaric enf current  density
g'ﬁgﬂ;ziﬁun@nm\cﬁ]risf?% 4o S4B TOUNLSH00, ik R TR L% of Fig. 3 thar

shows a curve without current blocking.

[0037] Example embodiments in accordance with aspects of the present invention have
now been dﬂscrmed in accordance with the above advantages. 1t will be appreciated that these
exampies are merely illustrative of aspects of the present invention. Many variations and

modifications will be apparent to those skilled in the art.
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el ectrically conductive substrate 510 for a nechanica
support. Finally, a patterned n-type electrode |ayer
is formed on the surface of the n-type GaN based | aver
502 which was attached to the renoved substrate 501
[0035] Simlar to the vertical LED device 400 as the
metallic current block 508" is forned beneath the
patterned n-type el ectrode 509, when a voltage is
applied to the vertical LED 500, it is less likely
that a current is flow ng underneath the n-type
gh@361 r odee H@Golpedzauipeot hermoied 1hmdbt e PEAOt skilkd fipthyestt to
;b’?éiﬁ&nzﬁﬁ(!ﬂ Fhﬁs s34 cYE’%bBJ Rehd QAE,RAadi R toStnesh Qégcvs will be
urrent | B "Wasted in the area under the n- ype
ekt prrdEn DO ghospskilieg i the @R f FIScHP TS BT PIE o ef! PngFf“m may be
CRPVRLS biah a?pﬁ.gtk CTIRRCY- ilﬁmg E}blﬁotthExai de)“ ]{r@l@@ﬁ]mﬁbgr!s Ghown
shows a finite-el enent-: rrent,

N erei
beféﬁ Y §i'8 OF 090N E’drsvc?éJ o“f’gsélSt r’kftfé %T}Oe i ”H” heren
Cfetesdtt ic ah ckiemngn tl%kSsnghkawa not endadr o eregn bdn@@kd ony ped unless
Po,LyRe, & fa?tdf&q el do% ef f&et i vgly sa%ﬁtyﬁs stgtb@otm LERe term
o Ow away fromthe n-type el'ectrode so ight is
gepey atled 14 pnetcheorr edl WHEHBEP Msqueﬂcﬂwb%en&fw fhp glements of the

n\at‘lylﬁ%sp%l"@ggs&ﬂﬁ@lnrduﬁh@dﬁlstalsassu.etthﬁ afelkinbvemdr latﬁeﬁhﬁi toybn known
di stribution qones nmore uni f orm and tgh q}
] g erein by, rvr°r° atnd are

carfene’ genaty ! ek A R RTS8 dTEEd 5 ab
dinfanden t@lﬁﬂ'ﬁh&fnﬁp&ﬁ;ﬂd Wi thi clBimsnMbheve.aseirgfdisEioged h8eip Mptended to
Shog\%icg o tXe Ht\ﬂghc rsool'ajnfiiwgsl’lgfrwer!gh P&ugﬁ: lﬁgsqgsurf'[ QQ@JLJE’?@!‘{I&J f the

ance W th aspects of present
i dsient E\@rwahra\ﬁememoWOb@eQﬁnSﬂé@ctmdtietd“ Prﬁ”a@‘@cﬂ* daﬁc%cvﬁlt b sixth

t&?wﬁagﬁ)vuﬁl@sqwaalr@é}neﬁ extrbssWhdcked0Bin@ BRIHBREALRGhs tih1abr. in the case

these exanples are nerely |Ilustrat|v? of aspects of
1 e MEhod glgm- fhﬁ\?sﬁ*emcswe”'%w R APEET G "%nd
‘nmodi fications will be apparent to those skllled in the

art. -7 10038] The previous description is provided to
enabl e any person skilled in the art to practice the
vari ous aspects descri bed herein. Various

nodi fications to these aspects will be readily
apparent to those skilled in the art. and the generic
principles defined herein may be applied to other
aspects. Thus, the clains are not intended to be
limted to the aspects shown herein, but is to be
accorded the full scope consistent with the | anguage
clainms, wherein reference to an elenent in the
singular is not intended to nean "one and only one"

unl ess specifically so stated, but rather "one or
nore." Unless specifically stated otherwise, the term
""some" refers to one or nore. Al structural and
functional equivalents to the elenents of the various
aspects described throughout this disclosure that are
known or |ater come to be known



to those of ordinary skill in the art are expressly

i ncorporated herein by reference and are intended to
be enconpassed by the clains. Mrreover, nothing

di scl osed herein is intended to be dedicated to the
public regardl ess of whether such disclosure is
explicitly recited in the clains. No claimelenent is
to be construed under the provisions of 35 U S.C. 6l

| ?, sixth paragraph. unless the elenent is expressly
VEBAT ¢8lCusIVIgDtiBe phrase "nmeans for" or. in the case

of a nethod claim the elenent is recited using the

phr asle "stejghifepyiting digie. cgpFings CLAIMED IS: 1. A light

em tting gi QS ial GOMREEFNY: an epitaxial |ave;
structure; a first electrode formed on the epitaxial .
| ayer straEBLFEHI™ET P8P BEEY I BHS TRV AY 1Ty Bectrode heving
patdeer B3¢ and a second el ectrode fornmed on the

epitaxial |aver structure the second electro eles
havi ng a f)(s)“rvf”fdo‘rlfc%\ 5 gned Wit 'p{[%éaq%af'tﬂg%ﬁh'égh‘tgﬁgnofi rg%de
dhed 7 @dep aiMret eitintht prstep of 1 iyt Bfctpéte second el ectrode
forms a nqmérginme%or@igm&%tsec%é Qe&rb@q foBRl atn@ﬁ%}ﬂrlxi_c L@vaef with the
structure. 2. The light emtting diode of Caimal,

VRSB RYY BB t axi al | ayer structure conprises first
and second. epi.taxi al .| ay erein. f1rst ture
it o al T S g TR £ PPt el e
tche prsecimcine picorabepizaial ianesr wheaginiihe fest epiiedn hyepi teaeealne first
| AL 4. by RELMERRLLRG 15ecandhe fLRELFiAdER AR bhRedniteStcond
epitaxial laver, 3. The light enitting diode of Caim
lechefiephEhe EoTPFE Kiffan active region between the
first_and_secaond epitaxial-|ayers. 4. The |light ..
emitting ﬁ"’bggm S'Pm%lgg‘logn‘ %,C]a\l/ﬂj]é'rfg'?}ﬁ“ fhe ”ﬁ'gﬁ%noa%!?\m”c%lon
dentearcthe por and esronderimtaslaipet ween t he second el ectrode

and the second epitaxial |aver. 5. The |i g\htﬂ emtting
di ode‘of QAMaiFtoT NIEAIET H AHB ZndtFIThitt B eBRaer = P
paFstsiveRvease seaondehatotikand @pRicatdt epintntidl idvbre second
epitaxial layer. 6. The light emtting diode of Claim
2, whér ei Tt hight noiwinghivdeofEiam dcrhepin Bk pe-thgic dopipghaertion has
%@ch?ﬂk&lcaﬁ@_whﬁ ﬁ@gﬁﬂtepﬁ%altim‘hs_econd epit axi al |ayer.
e [1ght emtting diode of Caim?2, wherein the

non- olam ¢ embRGhin@raddost dism 2f ofidiEt thbyon-ohmic contact portion is
photo-resisting the second.e @t-'aléi al laver and
pﬁo er?,a\_.atarpé?gfnla Hgatrpfﬁwéonpt 3 ebormé‘, Ilsa?lé aver.

7. The light emiming diode of Claim 2, wherein the non-ohmic contact portion is
formed by photo-resisting the second epitaxial laver and plasma-treating the photoresisted
epitaxial iaver so thai the non-ohmic contact portion is formed between the second electrode

Sist

and the second epitaxial layer where the second epitaxial layer is not covered by 2 photo-resist.
8. The light emitting diode of Claim 7, wherein the plasma treatment uses a gas
including Os, N2, Ha. Ar, He, Ne, Kr. Xe. or any combination thereof.
9. The light emitting diode of Claim 7, wherein the non-ohmic contact portion
includes 2 metal selected from Ag, Pt. Ni, Cr. Ti, Al, Cu, Pd, W, Bu, Rh, Mo. and their alloys.
10. The light emitting diode of Claim 7, wherein the plasma treatment compensatas

a doping concentration near a surface of the second epitaxial layer.
-g-



epitaxi al layer so that the non-ohm c contact portion
is formed between the second el ectrode and the second
epi taxi al |l ayer where the second epitaxial |aver is

not covered by a photo-resist. 8. The light emtting

di ode of Caim?7, wherein the plasma treatnent uses a
gas including O N2. H,. Ar, He. Ne. Kr. Xe. or any
conmbi nation thereof . 9. The light emtting diode of

Cl ai m wherein the non ohm ¢ contact portion includes
evrreéﬁf Seflhgﬁ%negmifn[ng g{lg?fd;frln /N'mern rhn JhsmaAlparggr{’corPgns a
eloping Piile Yrodertigriaidess Wéi’eé‘i@%b‘tthﬁplﬁﬂmééfﬁﬁmfﬂ* & Femposite
cRprensates a doping concentration near a surface of
the second epitaxial layer. -9 1 1. The light emtting
di ode1df Clhakminipg diskesfellsimtl hehqndirasmthtdfeaalpatentofthe nor-ohmic
CMUED Bf?oﬁals ecgﬁgb Qrgcrpaft En'a#?a RGO, %&Jnﬁ&“tﬁi‘ firki SMEFoa

areas treate [asma treat into an opposite
dogl E@“ f 12rﬁe Tmnrﬁmntotanoegof;blma @fﬁeﬁ@k @k gecan,d WBRJde bdnlises a
wi dt h of the atter the n tact portion
.fge@au%ﬂtedtf@mf EE"eé é Lt 59 C\) %tUr]%t)f\4 LR gf‘n of
the f'ilst ;e Lod e o mlodI &%l Laht,en gt ge@&d% &%e@atmr
Rerern Second el ect rode conp
n@trahs“s Btseant @@orforrmrnr;a@ whRtein thg seca@d matpial f(}.\rns tt@ggn qﬂmr §qntact
Ribeti Ritn MR ep @] e Lifuc@ld oys. 14. The light emtting
diode of Cdaim1l. wherein the second el ectrode | aver
conpr iises Tk nigh: e@chgsie@e ool immt1@r Wiaksn tharirerredidtial iRGudes a metal

SE%OID(? rrat gr}J a\ (fj {'1n§1 th’dn\gn OI'M\I] ‘&o ttnz?.xﬁtIIO\Port ion

g" ep i‘taxial taver struc ure.

emtt Ilg]g dfhoqeh Q,fnquEﬁ'J& 9;?C1a1¥r‘ﬂ§r\?ﬁeﬂ- r;tn'eﬁrfstlrﬁaﬁlnan??&%édal
i ncludes a mefal selected from A Cr.

Ni Ti
Apartiaghy on o) epixmrialyer RHCUIRANY i3E O e Jgsiructige Wiy the
| fighthareia ITotthhg)aﬁHnOdQnﬂfm{EItm patk4,of wh@rsedigrrbdeewhdrdis the second
mat er i al ially on the epitaxial |aver

& red par
matg rxatl 1S formed o tn rst mdterial.
structure and areas on the epitaxial layer structure

Wi t hOLﬂt; t hﬁae htf}lntr S A0 Rk bla(ljlalrnolr ARer&n ﬁats‘tcgr\’dnelf%{récgnseﬁtached to
with that pattern of the first el ectrode, wherein the

stSHA™ material is forned on the first naterlal 17.

The li ght Fr{gll L}Q |°rrr]1 ma ﬁ e la' whe:!lm %e {apel glgctedrﬁom a

second’el ec a su

| grgimt coppiting pi?vgnqulwem@@nd@tt@nnmtewl arwheprerlnn t he

substrate is selected froma group . consisting o

motal 'Oa SEHEG BRIl GFiralt: Vi e Brr s % Selected

Then ICLg‘hb VeIEhi b bg sehhiegeuad meluaésrashels%mwmﬁdsrﬁsnctmecap. InP.

n?ntdade. z!mg(t:flxe%gr%r%quc?udiec!ng(s:el gd from AlLO; and AIN,

20. A method for manufacturing a light emining diode, comprising:

forming an epitaxial laver structure;

forming a first electrode. the first electrode having a first pattern on the epitaxiai
layer structure; and

forming a second eiectrode on the epitaxial layer structure,

wherein the second eiectrode is formed with a portion aligned with the pattern
of ths first electrode, the portion of the second elecirode forming a non-ohmic contact with the
epitaxial layer structure.
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fromCu. Mo. W and Al. the sem conductor includes one
selected fromSi. GAs. GP. InP. and CGe. and the
ceram c includes one selected fromAI, O and AN 20.
A nethod for manufacturing a light emtting diode,
conprising: formng an epitaxial |aver structure,
formng a first electrode. the first el ectrode having
a first pattern on the epitaxial |aver structure: and
form ng a second el ectrode on the epitaxial |aver
structure, wherein the second electrode is formed W th
a poriti on hEMeREET GR2 0 KEShRIE BRI A dRYeR FHHCHTE ppPrises & first
eliechinodeand b ReopDilio 1204:, theirsiee Onckelree iy foded bothafirg

a.non-ohm ¢ contact with the . epitaxial.]; -
T S R i ks TR
epi t axl a: T}Leqyi@r{od%l&@gﬂ U RinfLTRh AR ES f@minke 'é!f?’&-:ti»’&@éibt?—%ﬂaéen

| ayer and a second epitaxial |aver, wherein the first
BlediEt pPridEcoP S BYI#eYe6n the first epitaxiai |ayer and
the sgcond el ectrode is forned on the secand epi Lal;

| ayer®> 22. nﬁrﬂvénoggfgggn or “&al ?ﬁ' PO %Oﬁ%?%g%ﬁ‘gisit@nﬁl’“
psma nginan: acliel sve@nd ggikod ihet ween the first and second
epitaxial lavers. 23. The nethod of Glaire 21, wherei n
the rdn- ofbd eeeasif Bt Porhign e 8or-BimeP i@ F" BI'YEHA
tpﬁ&ﬁ-‘i@ﬁ?'m%g tMe:toh@e;ﬁ@ﬁQrﬂ%ﬁx%E bm‘aﬁPeaii@ﬂﬁphoﬁésista'd'1®itaxial laver
nmet hod o aim2 1 . rei,n the non-ohni ¢ co t
S BB s ByohBri st P PR e Srso M #hecond
epitdxaxia gl whay e sapd eplasiayy iseat donged free photrsisesi st ed
epitaxial laver so that the non-ohm c contact portion

i s fotied Thenseerp! Chen $boBrE " dlcaleP RSt ST BEufige O
epi fiaxk ale, Laxerkewher® tikresecond epitaxial |aver is

not covered by a photo-resist. 25. The method of daim
24, wher eithe blgoduifasira 24. veat inertbiags e scagreripershierdi deging

| i : ce L€the KoondXGitaxfl 1aled @laf ard X M ERY by2photbhesist
%?%Eﬁ t'g'? ér&i %Jlalﬁfwaﬁ)f?mv e Emtxﬁga'pelhg]sa{r%ﬂ%eat man'tzae}[3
doitpensat es a doping concentration near a surface of

t he second_ epit axi layer_that are not covere - R
ot SSFon Pl o et Nk, Rh5 D FOYRL S it o
whene bitatilidayel @ siEs tentedib by asoe ryamtrs inge AEpPaiee PPinehe
second epitaxial |layer at areas treated by the I%sr_[a
treat AEnt Thamethahold B P 1 @B Heth 00Be PafRE Of Bt Fl‘g’do g<
QAotdafpd@on WBGHBD B: §eatdr @ah 2 0fdtit dTehepRtidresMhadfrstelearode.
non- ohm ¢ -
20. The method of Claim 20, wherein the second electrode is formed by depositing

a metal selected from Ag, Pt, Ni, Cr, Ti, Al, Cu, Pd, W, Ru, Rh, ,-\"Ip._ and their alloys.

30.  The method of Ciaim 21, wherein the forming of the epitaxial layer structure
comprises forming the first epitaxial layer on a substrate, and removing the substrate, and
wherein the first electrode is formed o a surface of the first epitaxial faver that was attached to
the substrate.

3. The method of Claim 30, wherein the substrate is sapphire (Al-O3) or siiicon
carpide (SiC).

32, The method of Ciaim 20. further comprising attaching the second eiectrode to a

substrate.
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contact portion is equal to or greater than a w dth of
the pattern of the first electrode. 29. The nethod of
Claim20. wherein the second electrode is forned by
depositing a netal selected fromAg. Pt, N, Cr, Ti.
Al, Cu. Pd, W Ru, Rh. -lo. and their aIons. 30. The
nmet hod of Claim21. wherein the form ng of the

epi taxial laver structure conprises formng the first
epi taxial |ayer on a substrate, and renovi ng the
substrate e fir el ectd d
on a surfg}bén%?ocjwﬁe{a twpéﬁ?tég‘lxogi q g%/efe?ggﬁbr? amfgg)ggre
abvisadieed a tetal, bmlwmor aeerial, fiilzdacﬁti@mﬁet hod of Cl aim
30, wherein the substrate is sapphire

silictn Eramitens of Siam 33 3her=imHE M H‘b‘ﬁ“eof’”'éflmtr‘ﬁf?ﬁ] Cu, Me,

fWrdh &l e drpEdgidng nﬁt“trﬂ@r{%luﬁg dnhelsedand Selcest, Cerléntt andss.

substrate t aim 32, V\,herein t he
2bYf Feéat”%i i“%luéeéf’%cst‘ Sg° dffnog“mgaggr oug\ consisting o' a

metal ,; a 2 RIRH A s i Ffode dfnprises
The rr3et hozﬁﬁg%wg#ﬁa% mthe% (Igr%rgmt he tmetS al ngrtct} udes pcrme d
e b irpmntArig i higpatterR/pppositg RRITAC, 1ng IHESTE BHP TG HGTET S &
NG il g8l SC'JOMI'T]MQ{‘% “le = 5iel aired temamoiBhic c&asbonortiGapging

| nP,” and Ge, ceram c includes one selected
fieByiFAne @Onﬁﬁﬁ“ﬂf\ta” merﬁ”éta\rr%tlah 5d 6 "'Cl ai m 20, wherein

form E‘? Of'l'hl ggth BN, 8k sgLLds fﬁgmtelr Si8StorrRabh 8k Bhifadial
a first materia vvrt a pattern opposite parity to_the
platet eruptuesf ant freetohd 1§ form|2@ateroliE aregiigned A F éth@t‘h@“ of the first

SEecOnd, IRtel dhatecwdtnthtatr higs debbssitd drRhefirsidhateribiherniprealing ¢
contact  porti n the second naterial and

@ e
t REcesEe Bk Qren A & 8?‘1“5‘@? fe"8E" The method of O aim

.35 \Nh?f eITrl]w t%oé 5{Cﬁ£rmm&t\9rﬁ' pﬁ,| th'J |§m o%m%gm&@p&hﬁ is formed by
epltaX| al 'faver structure and 1s etched to ﬁén} i

' peappsiing atiset seiEeed BPT gt N @rhTtﬁéCpa*tdt &r R=d¥ Yhd™t I"F'5t
ehig¢srode, wherein the second material is deposited on
the first material after the etching process and is
in touch with the epitaxial layer structure. 37. The
net hod of C ai m 35, wherein the non-ohm c contact
portion is formed by depositing a netal selected from
Ag, Pt, Ni, C, Ti. A, Cu. Pd. W Ru. Rh, M. and
their alloys. -12
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