LOW OPTI CAL LOSS ELECTRODE STRUCTURES FOR LEDS

TECHNI CAL FI ELD [0001] The present invention rel ates
w@emwenadsby to light emtting diodes (LEDs). TheCPUSRE6034464

invention relates nore particularly to el ectrode

structures that mtigate optical |osses and thus tend

to enhance the brightness and/or the efficiency of

for - ORORTEALE 838 B EotloBk stmOETHRER Bl FEHs
used extensively for this purpose in consuner
el ectronics. For exanple, red LEDs are commonly used

to indicate that powemEGHNICAD ABRDI ed to such
devi ces as radi os, tel evisions, video recorders

(VCRs), and the |ike. [0003] Although such o )
[0QMt enporTaey praseat hiaventigovekatge ngengrally dai figh emiding diodes

i r :
(8] A PR T Pt P BRI D Bifose stuctres
mitddtecbpticilepssasdattshugbiehdt o drhanexsathe drightressi ghti/or the
out put of_such contenporary LEDs is not as great as is
effigigfioyiofd&Riesi red. This lints the ability of
contenporary LEDs to function in some applications,
such as providing general illum nation, e.g., anbient
l'ighting. Even high power contenporary LEDs do not
provide sufficient illumnation for such purposes.
[0004] At |east a part BACKGRBOMNIDI em of insufficient
brightness is due to inefficiency of contenporary
[0Q02Ds. Ef Light eavuifting diodes (LEDs) feasusecasfinditaiorsrare wadlf known.
i ght ovi ded ,as.conpared to the electrical power, .
LEgsH v hSSes e TV ds s bUfheRedt Grilmd HiEdnics. For
example, §ad LIFDParassBntEusdd tdmdidad thagtwea!Re been applied to
thereby is | ost due to internal absore/tl on. Such

su¢chdevieas asiediopt talevisipRs.t\dden eccandenist(VEIRS)i and thenlite.

can be extracted froman LED and thus undesirably
062 RS S EERY. (B0SJa it bERMANY el
for their intended purposes, they possess inherent deficiencies that detract from
their overall effectiveness and desirability. For éxample, the light output of such
contemporary LEDs is not as great as is sometimes desired. This limits the ability
of contemporary LEDs to function in some applications, such as providing general
illumination, e.g., ambient lighting. Even high power contemporary LEDs do not

provide sufficient illumination for such purposes.

[0004] At least a part of this problem of insufficient brightness is due to
inefficiency of contemporary LEDs. Efficiency of LEDs is a measure of the amount
of light provided as compared to the electrical power consumed. Contemporary
LEDs are not as efficient as they can be because some of the light generated
thereby is lost due to internal absorption. Such internal absorption limits the
amount of light that can be extracted from an LED and thus undesirably reduces

the efficiency thereof.



for their intended purposes, they possess inherent

deficiencies which detract fromtheir overal
we@bdogasdzyeness and desirability. As such, it iBCT/US2006/034464

desirable to provide LEDs that have enhanced

bri ghtness and/or efficiency. BRI EF SUVWARY [ 0006]

stens and net hods are di scl osed herein to provide .
[0065] ght er ThHgy aithokshe cantemnasaty LEBS. haxs pesvgmpgenerafly suitable

I . o .
forERRAACH Bhoch, BT BATREG JofeBF ABGRH8bs whigh dgtract from
theit suethill effecivariassiang desieibility.eAecuchdit is feSitat]le M peovide LEDs

particul arly, the electrode can be fornmed upon a
thad diave eniapeed brghyesaianditemeHPReY-1 i ght having a
central wavelength |I. This light is emtted in all
directions. A conparatively thick, optically
transm ssive dielectric material can be formed upon
the sem conductor material. A portion of the el ectrode
can be formed over thecBREPHSUMMARY, thick dielectric
material. Another portion of the sanme el ectrode can be
[0006]el ect Systermstad methots ahediseltsed iwueindo pravideibaighter and/or

MR RAEBN LI 100 SRRRPndD F9GAGR oSN o hadirieht of the

préliehn® iiveRfioRf ah DERLES LbAPEisE B feRELHR BRcHBEK stritturé @B8mprising
sem conductor material and thus has anot her

a nglabelegiriotdg. t o be extracted fromthe LED. [0008] The
termwavel ength (I) , as used herein, refers to the

el eng f 14 I NS ' t .
10§, ©SMrE i i Kochiods YarfBi R it a'sgiconductor
matenalchat eaiier lightrenvirad ai centtal ngavetsrggth &d Tihis lighilris emitted in all
_exanpl e, then the wavel ength of this I]j hcf, is its .
dirsiaiice nt FPTUP AN HBICe R RGHY EARSM s Brd sl Sticgpatsyial can be
I g | C .
o 5] SRk PR, OFR RFBh2A B phaticho can be
formfedc bveli éeeconmiparatatedy ithick didlectrici miatetiadl edinather portion of the

materi al can have an index of . refraction that .is | ower
SafigaFIeeRagS G e 13 Bt GURGH it OF SMighaaUFigs egoral.  The
eldb®RbSodpRtMtel Wil tHicl diEécttié 30 tenPBhté iréection such that light
emitted in the direction of the electrode is reflected back into the semiconductor

material and thus has another opportunity to be extracted from the LED.

[0008] The term wavelength (A), as used herein, refers to the wavelength of -
light inside of the material that the light is traveling within. Thus, if light within a
semiconductor material is being referred to, for example, then the wavelength of

this light is its wavelength within the semiconductor material.

[0009] The thick dielectric thickness can be greater than %z A, where A is the
Wavelength of Iight inside of the thick dielectric material. The thick dielectric
material can have an index of refraction that is lower than that of the
semiconductor material and that is greater than or equal 1.0 The light emitting
semiconductor material can comprise AlGaAs, AlinGaP, AllnGaN, and/or GaAsP,

for example. Other materials can similarly be suitable.
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sem conductor material can conprise Al GaAs, AllnGP,

Al l nGaN, and/or GaAsP, for exanple. Other materials
w@aw7836391 arly be suitabl e.[0010] The opti cal | BCT/US2006/034464

transm ssive thick dielectric |ayer can be a

conparatively thick [ayer of material such as silicon

di oxi de, _silicon nonoxi de,, MF2 ang on Iyners

[0}/ or aThe repticalymitansmissive {Rick jdiglec e Vﬁfl&?f‘y be a
co&?}:/agérrﬂ\}gg{jltlﬁck [I%%erl H‘ﬁéﬁ?lcéu”ctp saé‘lhé’&mo%ﬁeé‘t &fikon monoxide,

ween ectro and t
Mg?l%}rérfd)ﬁtdixaherponThersohnﬁlDrmnfcacm(ahmIer Oiher maigaials ean similarly
indiumtin oxide (ITO, nickel oxide, and/or RuQ2, for
le. Other materials can siml arly be suitable.
The ohmic contact |ayer can be part of the

[0 Cond%bpﬁ cgﬁ%é%ncewd sbmacOfayer eakbY tHENAEtal electrode

er. [0012 ere can be a current spreading |ayer
anuethmmmrcbedmtoal Tdleeohmézi eontadt tayer sani campise grdi umhtm oxide

R, BB DR SR AU I SRR fler SRR W simany be
suﬁ!%lé” A eAMiS| dintadt! léy@? St babpart 6088 setnizehd@stor device
of one or nore pairs of "DBR dielectric |ayers can be

compriging Ofea heavilytdapedHpy@r. di el ectric | ayer and the
netal el ectrode such that each DBR dielectric |ayer of

[O(IS'LEJiSC pai FI'P%F'@ FQI’? P4 rﬁ:ﬁ?rlew sé%%ﬁﬁﬁ %2{9?’ Bgtr\/%erfjfﬁef GleBiltelectrode

es o ractio or odd
antiuhei geraisonductbnutTHe thirekt spaitiily Eyenh i$ @perpaskedt dieindium tin

pai rs of DBRd|eIectr|c teri al rise.titaniu
oxigigoRicke g¥ide, RyOadgr e’r?rz@e Qi r%atéﬁals ecaz%mﬁer\nb% ltable.
Ce@2, ZnS, Al 233, Si N niobi um pentoxi de (Nb2%p) ,
[Oﬁﬂgzal UmAD%Hé?sxbfj@né bRAfde a%'d?’t%ﬁ &Qb&ﬁi@rlﬁY&‘sQan be formed

and/ or MgF2, for exarrp e. Oher materials can
bebiedn dne fhiole dilectilsl ye[ GoustheTmetateelertrede quchdthat sach DBR

G5B BRS B0 Bl TR A L s o
reffhctiofGrorteacRbthé&l andbr dad, millitipldst oftibdge 4 aahidkal | oys,

chrome/ gol d all oys, silver/alum num m xtures and

conbi nations thereof. OQther materials can sim.l g
[0@14]t abl e Each layer of the pairs of DBR dielectric material can comprlse

titanium dioxide TiO3, Tis05, Ti,0s, TiO, ZrO,, TiO2ZrO-Nb,0s, CeO,, ZnS, Al20s;,
SiN niobium pentoxide (Nb2Os), tantalum pentoxide (Taz0s), siloxane polymers
SiO, SiO;, and/or MgF>, for example. Other materials can similarly be suitable.

[0015] The metal electrode can be comprise one or more metal layers,
wherein each metal layer can be selected from a group consisting of Al, Ag, Rh,
Pd, Cu, Au, Cr, Ti, Pt nickel/gold alloys, chrome/gold alloys, silver/aluminum

mixtures and combinations thereof. Other materials can similarly be suitable.

[0016] The LED can have either a vertical or lateral structure. A portion of
the metal electrode can form an area for wire bonding. A portion of the metal
electrode can make an electrical contact to the semiconductor material at the

edges of the thick dielectric material. A portion of the metal electrode makes an
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[0016] The LED can have either a vertical or |lateral

structure. A portion of the netal electrode can form
wa@eoansa9f or wi re bonding. A portion of the nePEI/US2006/034464

el ectrode can nake an electrical contact to the

sem conductor material at the edges of the thick

dielectric material. A portjon of the % el ect rode

elaglikieal saBastipi P8 SeIRCAEUCIS MREET@: N @pgpings in the thick

ough openings in the thick dielectric
dlgrr%%gr!c: @Hér )017] According to one enbodi nent of the

present invention, a reflective el ectrode structure
[ODdV] an LEScawding toesna emebtadimehnt of el epreserm?dmlanﬂm iaareflective

t { |
&gkt shidhrS R R Tar aisetia Rl Sacttde.i AGaN gaaterial emits
Ilgffﬁré&fhtué’é}ﬂet SéntfarNvavRd|8hG R A, AAP%HMaWeIW h[Filck silicon dioxide

el ectrode can be forned over the thick dielectric

matetriad icah. beAiwmladrummrﬂweﬁaﬂfmatw!ad;aﬁep@mentqfdh@ eteqtrdge can be

i h i . h
folfie et dfigahkecidlerticoatidior Ansbet iRl Bf the, e glectrode
cdn bBdhhoHrhie eirth&olith & %hﬁdndhc@ﬁdnét@ﬁaﬁeﬂhb thick dielectric can
el ectrode can nake physical contact to

havenpdbirfnesdgreatar éman & Nay Bethy ﬁhendrﬁé@ctﬁatreaiieﬂah apfdhe metal
eléﬁlg%%)ee r(r;%h?mo?él %heﬁ%atl ac,kgn?act[tgoﬂ}@ Sé‘ﬁ%n%ﬁﬁec‘?? \?ée}? ITO layer or

resent 1 nventl on

otaéemat@@ssl’iarucémbestmimw sdtbke.netal el ectrode and a
GaN material emts |ight about some central wavel ength

thick siljcon dioxi can be forned up
10048f can rArEHTD oASE Ao diient of i PresRt DRYET & reflective
el6&o®e shAtiRE oRStiddata tHEGK ehddiidenast X N TRdtBFAREmits light

[0019] A portion of the electrode can be fornmed over
alimtt tsontee cehirakwavalergtihr A.c Artitie siicomuaibxide nBBRYipldars be formed

he ort on,of the s ctr can be in .ohm
e B R IeF L Bt s i 07 ey E B Per i b gned upon the
thikeliireinr diexitiBing4BAss can be greater than 1/2 |. [0020]
Each | ayer of the DBR pairs can be optically

transm ssive, of different indices of refraction with

[0P48bect tA PeRioN@idhR&lectiade eambedomrd averkhgshdhe dick dielectric
mg{é‘?fé § and the DBR pairs. Another portion of the same electrode can be in

ohmic contact with the semiconductor material. The thick dielectric thickness can
be greater than 1/2 A.

[0020] Each layer of the DBR pairs can be optically transmissive, of different
indices of refraction with respect to one another, and can be odd multiples of about
¥ A in thickness. Both the thick dielectric and the metal electrode can make

physical contact to the semiconductor via an ITO layer.

[0021] Thus, according to one or more embodiments of the present
invention a brighter and/or more efficient LED can be provided. Increasing the
brightness and/or efficiency of LED enhances their utility by making them more

suitable for a wider range of uses, including general illumination.

4.



| in thickness. Both the thick dielectric and the
nmet al el ectrode can nmake physical contact to the
wa@esrassguct or via an 1 TO [ayer. [0021] Thus, BCTUST06IB4464
to one or nore enbodi nents of the present invention a
brighter and/or nore efficient LED can be provided
| ncreasing.the brlghtg SsS and/ob/eff|0|en y of

[0Q 3ances inveRtion Wi mMegRifHY URERTSteR '%GPE‘J&BFEOV‘ with the

o AR et e e y

understood in conjunction with the followi ng detaile
description taken together with the foll ow ng

drawi ngs. BRBRIBFEBESCRIPTIONFOR AHERRAWENGS0023]
Figure 1 is a schematic di agram show ng the concept of

OS2 AL el bk BadFl HRLEBRLAS: of crtia

angle: uct ure; [0025] Figure 3 is a sem -schematic
per spective view of a cont enporary vertical LED
structure; [0026] Figure 4Ais a sem -schematic

[0&R4gr am il?r'ﬁﬂfﬁen'-’g *$ i REM-SFNIBAlie PeiBPertvenyiépaf & gontemporary
IatgﬁATVLgd QHU¢®;§rface [0027] Figure 4B is a chart
showing™r e

ectivity at the GaN Cr/ Au i nterface of
Figure 4A for different angles of incidence; [0028]
[0025]Jur e S5Kigwed sera semen’aematidi;mjspmtblbowiemg ofia contemporary

cg%ig orary el ectrode structure having an ohmc
veg sftgi;(y;yre [0029] Figure 5B is a sem -schematic
di agram showi ng a contenporary el ectrode structure

[ i ng arFiQitei4A ¢ at rhilsaneh®dtic ginbeaA i ShdwiRy @ght reflection at a
0030] FI% ure 6A is a sem -schematic top view of a

COptﬂmP@ﬁ% alN/eAudmesieaey LED di e showing a circul ar
contact that can also function as a bond pad;

[0027] Figure 4B is a chart showing reflectivity at the GaN/Cr/Au interface of

Figure 4A for different angles of incidence;

[0028] Figure 5A is a semi-schematic diagram showing a contemporary -

electrode structure having an ohmic contact layer,

[0029] Figure 5B is a semi-schematic diagram showing a contemporary

electrode structure having an ohmic contact/current spreading layer;

[0030] Figure B6A is a semi-schematic top view of a portion of a
contemporary LED die showing a circular contact that can also function as a bond

pad;

[0031] Figure 6B is a semi-schematic top view of a portion of a

contemporary LED dice showing a cross shaped contact with a circular bond pad;

[0032] Figure 6C is a semi-schematic top view of a portion of a

contemporary LED dice showing exemplary contact geometry that is suitable for

5.



[0031] Figure 6B is a sem-schematic top view of a
portion of a contenporary LED dice showi ng a cross
W@ bh@pasblgont act with a circul ar bond pad; [ 0032¢T/Bs1po6/e34464
6C is a sem -schematic top view of a portion of a
contenporary LED dice show ng exenpl ary cont act
geonetry that is suitable foruse with Iﬁr er LEDs and.
us@aithdaraee LEQS and dwving e airgtlag seniadd ﬁgﬁéﬂi%ﬁo dngiion as a
[ .pad; [0033] Figure 7A is a sem -schematic side
boﬁ?@&/ﬂ#’a contenporary | ow aspect ratio el ectrode
structure; [0034] Figure 7B is a sem -schematic side
[0033w of &idurglTAaspextsenaiticheriatict sideéeview wétaireyntemporary low

0035]. Figure 8A is a sem -schematic di agram show ng
aSL?@t{Pl'?@bqur@@?ﬁr Urg: cont enporary Ag interface;
[0036] Figure 8B is a chart showing reflectivity at

. i97a RHL MRS skicf MW YT anBighS aBpect rati
mﬁs:ﬂ@i dencg?ﬁ{r%gg]'gp? giﬁl 9A iséa g’em’ -schemat i cg‘ﬁ aShect ratio

elatitrogleaatiuchoai ng 1ight reflection at a contenporary
GN Si 2/ Ag interface of a vertical structure LED;

1095 cuny SRR I & iR B8 B it Fection o a
coRfthgsrapf Agneteefabee; [0039] Figure 10Ais a
sem -schematic diagramshowing light reflection at a

contenporary GaN air interface; [004 Figure 10B is .
0036 ¢ sh&iguig 8fs 8 chalt shpwirg Wiﬂ%&% 4t the ﬁ\ge'F‘?eéf?&eo‘% Figure
8 :&Hff%r%l%rfggés Bt inkflepp: angl es of incidence; [0041]

i gure A'I'S a sem -schemati c di agram showi ng |i ght

reflection at a GaNSigq 2 interface, wherein the thick
[00BA ect r iFigure Yisch sertiesaiempticodiagramisbomwirg lighf reaflestion at a

coBfeirdignt RIS IPg eitate o AR S e PR o o
[0038] | Figure 9B is a chart showing reflectivity at the GaN/SiO2/Ag interface
of Figure 9A for different angles of incidence;

[0039] Figure 10A is a semi-schematic diagram showing light reflection at a

contemporary GaN/air interface,

[0040] Figure 10B is a chart showing reflectivity at the GaN/air interface of

Figure 10A for different angles of incidence;

[0041] Figure 11A is a semi-schematic diagram showing light reflection at a
GaN/SiO; interface, wherein the thick dielectric is thick according to an

embodiment of the present invention;

[0042] Figure 11B is a chart showing reflectivity at the GaN/SiO;, interface of

Figure 11A for different angles of incidence;

[0043] Figure 12A is a semi-schematic diagram showing light reflection at a

GaN/ SiO,/Al interface according to an embodiment of the present invention;
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Figure 11A for different angles of incidence; [0043]
Figure 12A is a sem -schemati c di agram showi ng |i ght

wo edoraat3dypn at a GaN Si 2/ Al i nterface accor dPCyUSIHOE0B4464
enbodi nent of the present invention;[0044] Figure 12B
is a chart showing reflectivity at the GaN Si Q2/ Al

interface of Figure 12A for different angles of .
[00443; dencbionref2BrS eriiak-eaisy selegiiitgabie AN/ SIQAl interface

of Fftite 220 58,0 f8ral Abids [ IndBUELE MO i G1ARRL of the SiO,

ording enbodi nent of the pre
layePuesidserthah @9 4ojuaFta dvethe2tavaleagthhafrincidbntighy according to an
reflectivity at the GaNN'Si @2/ Al interface of Figure
embpgiment ¢fithé presant IMGNE8Nof i nci dence wher ei n

t hi cknesses of the SiQ2 | ayer are greater than 1%t he

ol eng _Lhe L aye . _ _
[Odﬁ \ Fll@ug% 108Gk deHart é%\hmg%ﬂé&hﬁ’c a‘t;ﬁf%?GaN/&Oz/Al interface

odi nen the present invention; [0046] Figure 13A
of FiguaestA fer Hiffereritcanglegrafninsidencegvhargin thigknesses ot the SiO:

at a distribyted a refl ect R). rised of ..
oy (engiodig gh, Dhofite epviiocth BB eeePtmREe dregiing to an
enfRRAEAES thebrédemt iivesfibh: i nvention; [0047] Figure 13B

I's a chart showing reflectivity at the DBR | ayers of

Figure 13A for different angles of incidence accordjn
[0048]an enbistiredBA isfa semi-pelayaatic diageam; Kipwipg digpy reflection at a

RIS s SR FOPIRRT A s SN Bl HEg a0
actérdiy erarndmpedimait dflike pressminventient i on; [ 0049]

Figure 15A is a sem -schematic diagram showing a first
exenpl ary. enbodi.nent of a, suspended.e] ectro .
GG or o nEidEe B B et ShAVERL roRctCRGNeRg laversf Figure

' ?‘?FFéFb' nf SASIBRLAfGnEHBHEE AcEHRIMA %o AnSaseBdintXaaT theYpresent
13ésnﬁ(())§ |menP§%f&|a susBeInded el ectro%e according to the P
invendeent i nvention; [0051] Figure 15Cis a

sem -schematic di agram showi ng a third exenpl ary

[0(%{@00” rreﬁgyg%g?fof#%o%ﬂgﬁdsﬁb\ﬁﬁ\tgr ?gf?ec%ﬁ)?r&i B8vd A 'HSterials for

sent
different angles of incidence according to an embodiment of the present invention;

[0049] Figure 15A is a semi-schematic diagram showing a first exemplary

embodiment of a suspended electrode according to the present invention;

[0050] Figure 158 is a semi-schematic diagram showing a second
exemplary embodiment of a suspended electrode according to the present

invention;

[0051] Figure 15C is a semi-schematic diagram showing a third exemplary

embodiment of a suspended electrode according to the present invention;

[0052] Figure 15D is a semi-schematic diagram showing a fourth exemplary

embodiment of a suspended electrode according to the present invention;

[0053] Figure 15E is a semi-schematic diagram showing a fifth exemplary

embodiment of a suspended electrode according to the present invention;
-7-



[0052] Figure 15D is a sem -schematic di agram show ng
a fourth exenplary enbodi nent of a suspended el ectrode
w@ewonshi3ny to the present invention; [0053] FiPUF/ESDHBE034464
is a sem -schematic diagramshowng a fifth exenplary
enbodi mnent of a suspended el ectrode according to the
resent invention;[0054] Figure 15F is o,
i - schEtgure doki 5 aAMsAIFAGHE diqgram g’%?é’ﬁ‘ﬁgafr‘ yixth exemplary
e e e L L N G e
sem -schematic diagramshowing a first exenplary
[0058)odi neRiguné 18Asisspesedudchbraticodiagran shawinghai tirst exemplary
ontact, | ayer accqrding . to, the present. invention; .
e POSKBPNEP A WBBRIPS ettt BERGH O Bie AP SRS AGRgTeing to
theapr%géﬁf‘ﬂvﬁﬁﬁtﬁp' ary enbodi nent of a suspended el ectrode
wi th an ohm c 'contact |ayer according to the present

i nvention; [0057] Figure 16Cis a sem -schematic
[00563gr am Elgwe i§Ba ishia dsemesghemsgtiendiggramntshewving a second

o GBRB L OUTG 3 acuipefiod TbEroRy uBEL prE¥Ghic, copget tever
actsrdi R the Prossrttinverdiongr am showi ng a fourth exenplary

enbodi nent of a suspended el ectrode with an ohmc
contact | ayer according to the present iEventi 0
°

[0953059] FFislwe 196K @ sgmisrheqiaHe fiagamy SEgV IS %HBW’ yemplary
em%ofdﬁment Sﬁ‘é%s@%}ﬁd@m B with &h %Hﬁﬁ@%ﬁﬁac?'l&férré&%rding to
wth an ohm ¢ contact Tayer according to the present
the present mwenfi@@60] Figure 16F is a sem -schematic
di agram showi ng a si xth exenplary enbodi nent of a

ded. el d i th hm ¢. tact | '
B IE (RN e —
emst}%rdﬁ@télﬁﬁgﬁEE%@éb%anGVéI@étr@éWﬁheém@hﬂﬁ& doata#st dhyer according to

the present invention;

[0059] Figure 16E is a semi-schematic diagram showing a fifth exemplary
embodiment of a suspended electrode with an ohmic contact layer according to

the present invention;

[0060] Figure 16F is a semi-schematic diagram showing a sixth exemplary
embodiment of a suspended electrode with an ohmic contact layer according to

the present invention;

[0061] Figure 17A is cross-section view of a contemporary lateral structure
LED;
[0062] Figures 17B-17D are semi-schematic perspective views showing

some steps in the process for fabricating the LED of Figure 17A,;

[0063] Figure 18A is cross-section view of a lateral structure LED according

to an embodiment of the present invention;

-8-



[0062] Figures 17B-17D are sem -schemati c perspective
vi ews showi ng sone steps in the process for
wo aritdavi ng the LED of Figure 17A; [0063] Fi geeBEUIRAG/034464
IS cross-section view of a lateral structure LED
accordi ng to an enbodi nent of the present inventi on

W@%ﬁg] shmgg iﬁ 1]3%;5%& Fﬁesrﬁhm%crfﬁ?ﬁ%@c}:gnégﬁ)eec{tﬁ/ {ieWws® showing
sohPstepdin i prdcesERrdhbitatimgehd 34D bPPReke FBBUr e 19A

is cross-section view of a lateral structure LED

accordi n% to an embodi nent of the ﬁresent i nvention:
[006Al66] FiFighres! 9ois aross-sestiere Hiewsehahteral ssaictped& L according

f
to %h%??%@ﬁ’n@aﬂ%ﬁﬁ”@sgéﬁﬁé%@# ' ok “[0067] i gure 20n

is a sem-schemati c perspective view show ng anot her
[0@88]odi neffigures s t8Belttedret semt—mfeeraaﬁmrpﬁrqged:tiveauiews showing

enbodlnen of t he pr i nv 0068 | gure 20B
Soffe HeRai shreicER? 1 abUGAING: U8 LRLLRS ERLRE 1ganot her
enbodi nent of suspended structure according to an

[oggAcdi mentqqk doze |€Prae§§l‘?ﬁ sEhAati¢ sﬂé@’@@]wg\wgéﬁcﬁmﬁé'“another

IS a sem - schematl c di agram showi ng an exenpl a

ry
engrastimient of suspended stiveltre iacoersting o ian ambediaepit @fdthe present
in LEE)I' [0070] Figure 2 1Bis a sem -schematic di agram
ng an exenpl ary enbodi nent of the present
invention in an elongated LED, [0071] Figure 22A is a

[06681 - sCch@Higuire20B agrAsemherharpatic p@rmtmeywewbmbvmagtanother
of the Eresent invention in an el ongated LED;

erphasiingnt of stsbendedieirhiesmererdincdy & SRORRAEERo! the present

‘%])h BR! ary enbodi nent of the present invention |n an
ongated LED;, [0073] Figure 22C is a senmi-schematic

di agram showi ng an exenpl ary enbodi nent of the present
[0068]ent i ofrigure?f felisngasemii-¢ii@matic diagram showing an exemplary

embodiment of the present invention in an elongated LED;

[0070] Figure 21B is a semi-schematic diagram showing an exemplary
embodlment of the present invention in an elongated LED;

[0071] ~ Figure 22A is a semi-schematic diagram showing an exemplary
embodiment of the present invention in an elongated LED;

[0072] Figure 22B is a semi-schematic diagram showing an exemplary
embodiment of the present invention in an elongated LED;

[0073] Figure 22C is a semi-schematic diagram showing an exemplary
embodiment of the present invention in an elongated LED;

[0074] Figure 23A is a semi-schematic diagram showing an exemplary
embodiment of the present invention in an elongated LED,;



[0074] Figure 23A is a sem -schematic di agram show ng

an exenpl ary enbodi nent of the present invention in an
webengatserd LED; [ 0075] Figure 23B is a seni - SCheE@EUBI06/034464

di agram show ng an exenpl ary enbodi nent of the present

invention in an elongated LED;, [0076] Figure 23Cis a

sem -schemati ¢ _di agram showi ng an exenpl ary enbodi nent
[0Q#5]t he pFisEnEs Bn\b%rﬁlstﬁﬁmrsrf;h&%‘aéicoﬁ n%@ SEPWINgh@n exemplary

en{b%%ﬁlen@f%é% %P[‘;edﬁ H‘m%ﬁ@é‘i‘?ée 4t&d @E@ram showi ng

an exe of t sent invention in an
el ongat ed LED [ 0078] Errbodl ments of the present
[0078fent i offigumel 2BReiis adsemitsxgl;mnaiioe diaggamu istewsing cah key(emplary

eraSmENtE e SRR FVELOTAE) Lot Hier ol 3 ar o

used to identify like elenents illustrated in one or
[odAe of Fg)%ré'ﬂu'"@sa mbé@n%@bﬁﬁn@\%h&@%@ dril @Xemplary
emtting vices (LEDs) emt |ight mresponseto

embasiimant @‘rtheprasferﬁll@\tﬁrﬂioaan agglergated Ot ypi cal LED
has a heterostructure grown on a substrate by

oA L N BRR PR3 SBM dl, BB s e bost

unbetstesd mméfenmgct@rthbaa@med hfﬁscﬂpmmmbt éollovght It should be
produci n an active region

apptaaated afha ol lhenyrelsioRtRMUTRTAS |&es se u??dégen;gtﬂfy ke elements
'"l}gﬁ%{éaﬁlhddr%y&rrﬁor gp{h%add@( el ectrical contacts are
attached to t

ype and p-type sem conduct or
| ayers. Wen a forvvard bias is applied across the
el ectrical contacts electrons and holes flow from

n-type and ptype | HBTAILEDDEBIGRPTIQMt in the active
region. Light is produced according to well known

OB A A5 P et SR Bcttion
anedletieicalnsliramtt owdt a LEEDhas avisstbpostiuetireigrotvn droa substrate

light is determi ned by the product of the internal
byquaetaliganiG cYanesy Ph@ﬁ§ |ep§ﬁ>6y eQht rchimylar technique.  An LED

heterostructure includes n-type and p-type semiconductor layers that sandwich a
light producing layer, i.e., an active region. 'Exemplary active areas may be
quantum wells surrounded by barrier layers. Typically, electrical contacts are
attached to the n-type and p-type semiconductor layers. When a forward bias is
applied across the electrical contacts electrons and holes flow from n-type and p-
type layers to produce light in the active region. Light is produced according to
well known principles when these electrons and holes recombine with each other

in the active region.

[0080] The efficiency with which a LED converts electricity to light is
determined by the product of the internal quantum efficiency, the light-extraction
efficiency, and losses due to electrical resistance. The internal quantum efficiency
is determined by the quality of the semiconductor layers and the energy band
structure of the device. Both of these are determined during deposition of the

semiconductor layers.
‘ -10-



efficiency, and | osses due to electrical resistance.

The internal quantum efficiency is determ ned by the
waeeablitseponf the sem conductor |ayers and the ePEr/§2006/034464

band structure of the device. Both of these are

deternmi ned during deposition of the sem conductor

| a 0081] The light ext ff
10085 o of Towdbht ghradtba offeings 1t > fats ohi Hant gt aves the

LEH %ﬁé )'f(}?é a@ftltﬂsﬂg %Pat%tvmmn Jﬁ?aé‘ﬂé I‘égetsyméehgﬂ_t}@dractuon

on efficiency I's determne
efflgi%(mytléydeiérmhedLl’E)Dthese;jebrrmiQoof)tth@rlLEcD selfiabsomtion of light in

ScrBRNEUPIT IaRTS| g AsogaRt P EaH il itaetS, FRG dighf gbsorption
by mattgrlélg‘?n Fg@g%}‘ﬂgh WE LEgﬁfgtaE Qré‘@étfﬂ t@m@ﬁg‘( 5 %e\/fée% a package.

em con | ayers ten have
reI atively high indices of refraction. Consequent ly,

[00&23t of Sheitorghictarhdayers trnveriat d'taVlen relaéivalyt ihigh ~ indices  of

rf BT PhsBR 5, bk B B EEL S 555 region o

an Eah id |r@é‘r‘n’aﬁ%—fréﬁ§&éd3 B¥ @uﬂa@é@@‘ﬂa ¢fiip inanyR@cs B¥foledit escapes.
m ni m ze absorption o by the sem conduct or

Tolaphigve bigh |l§l§ﬂt—@m%¢ttqu%ﬁflc@@ﬁh rts. igporigst tmmlelmlée apgagption of

hgl'gggﬁﬁgt dﬁ(c%ggﬂgtgfrﬁagg{s? gﬂgg) ren }fal| %er%%b # chlg. When

thelsBaagareratelmadg b havd vast Ibmptmaaabécﬁﬁtloﬁ by‘r‘pemgetcbnsparent or
substantially. [0083] Referring now o Fi gure 1 %
highiysiedlechye, i iogﬁra"rﬂla LouraGton BAN D% IMEfved ﬁUQS antially.

incident at interface to a | ower |ndex of refracti on

ium 1 ferhﬁg griwdw? ‘Fﬁg}ihr@% ' E@’,tqﬁﬁlﬁe%f SR of refraction

| es. en hi'g ndex of refTraction
metdnidnum iBllneldeotJat mterfacteeto atlew&au@eo(mfarefremmn meagiymof2. The

o R g i R By gt
metfur™ @énécﬁfr{tél%t e hesfacknba Idwerihggrbf iréfgetionl medium 12 the

refraction medium 11. [0084] According to Snell's |aw,
light gair either be transmitteshinte the dowergindey raf 4efraetion medium 12 or be 7

BT AR el RapRBL I Mthdon FRgul 75 gl ¢ 1 ess

than the critical angle Q@ wll pass into the |ower
[008:ex of Acebrdang itonSnelt'srlawd .a THorton sofi thi dightdrawglingefrom a

ma?erarrlaol\/\{x:vqné g% llngg( otfhrgragt?gg In? l'ljr?t“?) ;rmatenal having a lower index of
refraction n; at an angle less than the critical angle O, will pass into the lower index
of refraction material. This is indicated by the arrow on the left that continues from
the material having the lower index of refraction n4 into the material having the

higher index of refraction na.

[0085] Conversely, according to Snell's law, all of the light traveling from a
material having a higher index of refraction n; toward a material having a lower
index of refraction n, at an angle greater than the critical angle O, will be reflected
back into the higher index of refraction material. This mechanism is know is total

internal reflection (TIR) and is indicated by the arrow on the right that does not

-11-



the material having the | ower index of refraction ni
into the material having the higher index of
wo edoraat3don n . [ 0085] Conversely, accordi ng tRCBO81006/634464
law, all of the light traveling froma material having
a higher index of refraction ni toward a mat eri al

having a | ower index of refraction n an ang
coginuigt Eomithg inategiat having e aw@feé"&x\/@?ﬂ TPITBEliQneR1 5@? the material

halifg fhd Bifler RBRicgEradin B dhe FiduP FliheeRBNAL idkk through the

an smiIsS OWIStO |nterna ection

mafdidRhaaing the higimbma«ti@doblyefmbbomr row on the right that
does notcontinue fromthe material havi ng t he hi gher
to.the t he

¢
00g8ler ¢ rbiGht WS tadterighhaivd B HohSE iext Hefdeld/Cinan exists
outl%ﬁ)?ekoft f?feor'ﬁ% rH“SSL]'I@F 8¢ 'h?l'\t \K}Whrbgsérlﬁ%dﬁd%ﬁfr rha@eil here air or

act i on. Li gh hin a material having a
an Ianghpsulatnm@;epoty isethe acitside maiemalémhmrsrsommdercteunﬂﬂ ﬁhﬁenterface

sl o5t o, M DRSS AE retn. Tovia

seidonddetorahatariale) hafd amigls indexd 8ersfradien ddmeparatieofamnbient air
surface at angles greater than Qc wll experience

(whiol diasi an index| ofrefragtien oh1.0yypi easapseiatineneR@YOWhich can have

an AR ool ol atb AR ARS8l o1 Terraction of 1.0y,

or encapsul ating epoxy (which can have an index of

[0083’&1’ a|Ct I Eﬂanﬂ_ﬁmahmigmwtaﬂeﬂ:t&ﬁ) badk0id&yihd bEBrchiE®here further
this light is reflected back into the LED Chlp

absQrpfiaRr CambsURYRSIAL N RECURELTY QNG HeRIGHAlSr om g)q%erundeswable

|
ab%@hﬁétﬁ glﬁér;/c%%‘ﬂ?%hgﬁ@%é'cg%? tRe EFPHPEAOCIhG AHE %?nétﬂﬂ of Ilght that

| y reduci ng the anbunt of I|ight
thet bED grbeide&D provi des. [0088] For conventional LEDs,
the vast majority of |ight generated within the

uctur suffer [ [ . i vy
[oGHE1L ! e o St ErdiohBlL o R e Vi rlbtif 4R GEhSreea within the
strG&UV@@uﬁéfbﬂ'tot@ﬁhhtbbﬁﬁl Netlectits b6 dsapih lﬁl&n &N semiconductor
chrpr g& ire substrates, about 70% of enmtte aht can be

pibe wamfeepnmtlgaelpﬁaw@rrsuﬂa@@ é@@Na\rh?S@ -Ffd¢ en sapphire
su%ﬁétgg,e aBbut PN ehittett ligRNMtahSbé aPsi Inbth&dd §R& shpphire

substrate and the outer surface of the GaN. This light is repeatedly reflected due
to total internal reflection, thus suffering multiple absorptions by the metal
electrodes and the other materials. It is thus desirable to create structures that

tend to minimize this absorption.

[0089] As used herein, the term electrode can refer to a conductor (such as
a metal conductor) that supplies current to a semiconductor material of an LED.
Thus, an electrode can be in electrical contact with the semiconductor material.
However, not all portions of an electrode are necessarily in contact with the
semiconductor material. Indeed, according to one or more embodiments of the

present invention, a portion of an electrode is in electrical contact with the

-12-



to total internal reflection, thus suffering nultiple
absorptions by the netal el ectrodes and the other
woredoens@bxs. It is thus desirable to create strRCL/USHEE6/034464
that tend to mnimze this absorption. [0089] As used
herein, the termel ectrode can refer to a conductor

(such as a netal conductor) that supplies current to .
sergisendupiendnaieriahead anolper mrtm;.o?weﬁﬂgle 908 isonPb b electrical

CO@QE‘e‘?ﬁ%F_ ,ﬁ%ﬁhg@ﬂorpont act with the sem conduct or

wever, not all portions of an el ectrode
are necessarily in contact wwth the sem conduct or
[008d] er i al Refandeg dovate Figlired?,t @ conteroponany daterdd catiuoburesLED is
the present_ inventio '

P o RS A 38, RLLBEfioh PUREIcA BB TL Do VRG22 P LED 20
ca@Pg rﬁé‘t‘éﬂi&ﬁ& sBdd !o%rrﬂferllé«%’tkcﬁie%céﬁ 8R& 24s ﬂlﬁ‘iuﬂlélionoor active region

ectrical contact wt e sem conductor. [ 009

26 Refletweey piayet @ IFagdran p- layerciht dripolredes Rat @ML|24 provide a

e B B TR S £ BEh e where the
sefRioAdut®e s S@EstdPbf ahrapicam) frafssaréat, aMsktadallyPndh-conductive

junction or active region 26 is between p-layer 2 1
subsirata23n compyised 2f a mRatarial sdels ag Sagnkirethgreostaisakcontact to p-

ayRESH st vBY 67 SuSoutl iR IR kRS, Clppor e

by an optically transparent, electrically
[00%1)- condlictheveorfighsationt shaidh ircBigpre 2ed-lajera? trist alréanly exposed

at RiSORGe, and eatisel GRAGAN Poeand (s eralls However n-
|ay%P?9}& bbﬁe& Bgnééﬂﬂ’hfts&H gﬁrgyéﬁz’ﬁ bW ctile Fé@gﬁ QGZ,T&Maﬁlléeaectrical

i's already expose top surface and el ectrica
contast Kch-layer 2% a eafbiul premad8s is fiemnwd by removingea polrtigreef p-layer

22 is  buried heneath both p-l| ayer. 1 d activ .
2130\ e daver 2R remeved RIS indedteR g Eidaieg Jines) so as
to %%Fé?ég ndafér 28 therdueneBth. e TRy i digatorP of cufdut trea 28, the n-
p-1ayer 2°1 and active |ayer 26 (the renpved portion '

layes elastiiczh centapgt ot dlectiad®@d danssiorgigdas t o expose
‘n-layer 24 therebeneath. After the creation of cutout

, [0(29’ abé8% §$"Er@ éifék/%\éegtrﬁ!t&%yd.sctﬂht SROLAH FRJur€'25eSURGS et current

flowing generally in the lateral direction. This is why they are referred to as lateral
structures. One disadvantage of such lateral structures is that a portion of the
active I'ight producing region must be removed to produce the cutout structure 28
so the n-electrode 24 can be formed. Of course, this reduces the active region

area and consequently reduces the ability of LED 20 to produce light.

[0093] Referring now to Figure 3, an LED 30 can alternatively comprise
structures where the semiconductor (comprised of a p-layer 31 and an n-layer 32
that cooperate to define an active region 36) is supported by an electrically
conductive substrate 37. Substrate 37 can be formed of an optically transparent
conductive material such as silicon carbide or can be formed of an optically non-

transparent, electrically conductive substrate such as copper or molybdenum.

13- -



[0092] Such device structures as that shown in Figure
2 result in the current flow ng generally in the

WO 200en3d39di recti on. This is why they are referPEUS®OEE34464
| ateral structures. One di sadvantage of such |ateral
structures is that .a portion of the active |ight

produci ng regi on nust be renpve roduce the cutout
Sugh s pen pg copfliguednioghasa @I&fﬂb ehOriRsiaves In epntact with
heCQIH: thls reduces the active region area and

consequently reduces the ability of LED 20 to produce
light. [0093] Referring nowto Figure 3, an LED 30 can
[00g4fer nat In/ehyhdcﬁms i electrtcaﬂxctqmr\dycﬁwersebsinate 37 serves as one

eleﬁ?rm G Sl alh el alpsiioee 53 s2nthe iy tofmBl o e top surface,

@Iayér 5*11pWd@ﬁe%rﬁébt@'o?‘é‘lédt#b’éﬂe‘shré@?ﬁéﬁéds\h@g surfaces of LED

ubstrate 37. Substrate 37 can be forned
30,opmnretaﬂ flow is ena generallycwitical tdirestiomt Sm:faldewea aye thus referred
on carhide or can be fornmed of an optically

to %M‘?ﬁ'&ﬂéﬁ&f‘g%&es’ el ectrically conductive substrate such

as copper or nolybdenum Such LEDs can be configured to
[00BB]e ei t Regaidisslof whiether dfie mﬁétabf@l[ect'rbd@s)at‘afdr wdrtidal or lateral

the substrate. [0094] In such LEDs, electric
LEBo sirueture®  ays must eSatisfy ssivillar 48auFrmentset r'@&swewrements

I r Yo

incjs> 8b0 oSl e ity 18 shGke GAIE eopfict0, B8, {eHficonductor,
goed esléctridalscardrctivityo pras gogd setiakititys O‘ﬁebElﬂw&h r@qmrements are

SalRfpAceE U'aﬁsattﬂﬁﬁé]re re Jausis. e xAoTs c et I af mgtal such as
chl[omaﬁl oF% fc':ﬁ'?]aP};or\)g?@QL;BSH ddHsiBH 8hd Qil"ﬁl‘ﬁbr&ﬂﬁéctarﬁ\ second

for vertica ED structures, they nust
laysabf sfefalssuchlasrsilvenar g@ldmansprovidesgpqde@lachneabmryi uctivity.
i ncl ude good adhesion, the ability to make ohmc

[0 :;ﬁrgﬁg: i %\ﬂpt h%ﬁﬁ%&@@@dﬁéﬁg %gBdgqﬁ%s%b?%ﬁ gSan is.a good electrical

coh@Btor. eNeRhésr materiRhasfdovd Sitioas refiectiviey mth@msmle region. The
| ayers. For exanple a first layer of nmetal such

opmﬁl seflestivity andtthaicorespanging\aniisagdeeeralivn 670 rbea‘f‘fﬁiculated from
theg;rgﬂ %Flgé’ Hdds oﬁ‘h &5 90 dt'u?%/ éné’ihé'fpédgﬂ'esg: er@sthﬁ;dlén\égées
e

can provi e goo ctrical con

[0097] Where a material thickness has not been given herein, the thickness
can be assumed to be great enough such that optical interference effects are not
an issue. For example, such reflectivity calculations typically assume the incident
and exit medium to be semi-infinite. In cases of metal reflector layers where their
thickness have not been specified, they are assumed to be thick enough, typically
a few thousand nanometers, so that an insignificant amount of light reaches the
other surface of the metal.  The refractive index values of Table 1 are used to

calculate all reflectivity curves in this disclosure.

[0098]

Dielectric Material | Abbreviation | Wavelength | Refractive Index | Refractive Ir
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[ 0096] Al though chrom um has good adhesion and gold is

a good electric

opti cal

al

conduct or.
wWopioraad39r ef | ectivity in the visible region.
reflectivity and the correspondi ng opti cal

Nei t her

mat eri al

absorption can be calculated fromthe refractive

Lndices of thes

has good
THET/US2006/034464

t hi cknesses. [0397] Where a Wtﬁ‘ﬂgeri al twiig%ﬂiss has nqtImaginary)
been given hereln_the thickness can he assuned to he
g%lumlnumough su ﬁlthat optic4P0interfefBrfte effects |-4.7
are not an issue. For exanple, such reflectivity
clataniuratDioxidet ypTed | y assup#5@ he i nci déft7 and exit |-0.0011
mediumto be sem-infinite.|In cases of netal
rsifidecDimxideayer $ Sider e t hei r45Mi ckness|Ha6d not been |0
specified, they|are assuned to be thick enough,
tajpi cal |y a few|pfrousand nangp@t ers, so1that an 0
insignificant apount of |ight reaches t{he other
giace of the mpgal . The reds@ctive | ngex val ues of | -1.88
Table 1 are used to calculate all reflectivity curves
@rbmﬁ mdi Scrosuigg. [ 0098] ghectric Maigrial 314
breviati on Wayel ength Refractive Indéx Refractive
ngmm ?.nlg;(fa%w [T@E T CKNEgsy OF TET ey haf £ as 20.0047
erenced 1 n thls di scl osure can be in absol ute
TABS, —dS NTCron T or 1d rers (nmy.|_
uﬂta@?%tlvel Y, t & thickness 5o mat er i a?pzcr:fm be gi ven 3.04
ref-at-ve—tothefunrber—of—waygtengths— medium
'I$V§5|. V\hen gi as the nuiber of wa Qr r?;ths () , "2.72
the—-—pa )“Ci‘l\,ally. Fs—to—ti i
G 'H{" t‘#"ﬁ the% eri al itgéq ThIS 2a be
co-ﬂ.verf‘=H to-the _abselutet 'ﬂ'<neso by-HpHphyHRg—H
Nane RQEUSHT r ef bf tHeSmat eri al T as 0
iSiicenbiaxidsy Eqlati on 1 bel pw. For exafple a %1 of
Si@ at 450 nmywould he 76 8 nm (0. 25 450 /
Mite®ym[oxideo] | TABRS= (Tl Re| #3%) | (Eqdddon 1) 0
[00101] The optically reflectivity curve as a functian
dBallinni Rlrosphidey|| &afas two cpbPdnents, i 3631 0
P-polarized light and S-polarized light. P-polarized
| Sitiddin Bigpdde enceSi@s ewst er' 5638gl es and 1S a 1 ower |0
overall reflectivity than Stpol ari zed
Table 1
[0099] The thickness of materials as referenced in this disclosure can be in

absolute units, Tags, such as microns (um) or nanometers (nm). Alternatively, the

thickness of material can be given relative to the number of wavelengths in the

medium, TiRrel.

When given as the number of wavelengths (A), the parameter

specifically refers to the wavelength of light within the material itself. This can be

converted to the absolute thickness by multiplying by the index of refraction of the

material (N) as indicated by Equation 1 below. For example a ¥4 A of SiOz at 450
nm would be 76.8 nm (0.25 450 / 1.465).
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light. [00102] Referring now to Figure 4A, a diagram
of a contenporary sem conductor and el ectrode
w@reoaasave showi ng the reflectivity of an el ece@Dus2046/034464
for light originating within the sem conductor 4 1 is
provi ded. The el ectrode utilizes a typical chrom um 42
and gold 43 el ectrode configuration and is fornmed upon
[0Q1Q8IN seni conduct dmesF (TarabN)a A ef | ecti on afEgiation 1)
i ncident angle of 45 degrees, an average of only 25%

[oém“j,] lt]h? F’g@«% cﬁj’ti’cé@;‘i’f l%fqépﬁngé’%@g fuﬁ#{q&% 6f%péu8&h?§.’i§]8 has two

comhb elgtgoraey EépdlargaAIHdaﬂlghhhamd uBgesantzsa Might.ghlB-polarized light
absor bi 0103 t hough Fi gure 4A shows a
exa@nl%f)Qﬂsrf%’Mrrseaég les ana asre IO Ryarl reiaainiy thasnS- polaﬂzed
g&aN other netals and sem conductor materials can
ternatively be utilized. [00104] Referring nowto

gure 4B, a chart shows reflectivity at the GaN Cr/ Au
[001Q2§r f acRetﬁérrrnge raavi toe Brgure gdhe dAdiagradi f 6er@ncontemporary

angl e f incidence. [,00 Ref.errin ovvtoF ur
soficorginl A G REE G0 AT EHIBSIE 56 o a de g ol e pBotrode 44
forS ‘t\'@)ngﬁ\%\ﬁﬁ? QifHin tee Eém%dﬁ’a[l@to@ e igroGiaal aCIthe electrode utilizes
structire here may be an ohm c contact and/o

a typicakabrospend? and g9ldr4%gleyém@e¢orﬁrgmtmn a@m%\tqm&i upon a

I LRUGERHGRISLT ¥y 8114 o, 1N, B0 45 o, n

aveid; éfeuéf BAlyPR5Yd 6f the Gl-gelarized edidr Sqallataetlight i teflected while,
ohm c contact. The | ayers can be fabricated from

75\/an theslighs i pBsabede ot Hhis 6RBtesRPOraNaFaNTIgUialienisngndesirably
tinum titanium silver, alum num gold,
hld(’l"ll)ﬁgS%Ofb gaand chronmium The semiconductor naterial 5
1 can be fromthe material systens such as Al GaAs,
[0N03]GaP Mhbughﬁigmaenﬁam a'@mdﬁ/ohndmiunnme@teldadmie structure
t of, the ectroela
forfeelc PO s 71068 i E RNt PA5ORGNFEE MR GRS S algpatively be
utifdegetrical | y conductive netal oxide such as indiumtin
oxi de or nickel oxide can be deposited on entire

surface of
[00104] Referring now to Flgure 4B, a chart shows reflectivity at the

GaN/Cr/Au interface of the device of Figure 4A for different angles of incidence.

[00105] Referring now to Figure 5A, a more generic contemporary contact
structure is shown. According to this more generic contact structure, there may be ‘
an ohmic contact and/or current spreading layer 52 between a metal contact 53
and a semiconductor material 51. The metal contact 53 may have multiple layers
for purposes for adhesion, diffusion barrier, solder, electrical conductivity, and
ohmic contact. The layers can be fabricated from various metals and
combinations of metals, including nickel, platinum, titanium, silver, aluminum, gold,
tin, lead, and chromium. The semiconductor material 51 can be from the material
systems such as AlGaAs, AllnGaP, AllnGaN, and GaAsP. The ohmic contact
layer can be part of the metal electrode layers such as nickel oxide.
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sem conductor 55 to define an ohm c contact/current

spreadi ng | ayer 56 upon which netal electrode 57 can
wheoof7nsaserd. | n such a case, |ayer 56 serves bopPdiI/ES20861034464

ohm c contact and current spreading |layer. There can

be a layer that allows for ohm c contact on the very

{ of t LED sem con uctor terl al uch as
o8| | HssEanaeamuo 600 BB, rib slonttielcponthstug dpetal oxide
su%tﬁgﬁ.%tﬁ@%ﬁno@m 'rwe@tdx% céﬁméeeﬁagﬁéa 3ﬁgéﬁe‘rbaéurface of

tructure, contenporary netal ectrode
sennidersducidyl $5 aos defines @me ohivghtcontactzdrtient (Spadaadmgatlayer 56 upon

Wi it slpaRod 57 e o S’ Bhde, A KB SeVes both as
an Gr%l&fﬂ?ﬁé&ra\hde&ﬁ%rft%?éad]ﬁd%y%rd%@?@c&ﬁ e ja g@h%t allows for

not on directl Yy absorb a portl on of he i ncli
orﬂmlgmqntmtt on Hber@amui topngf the IL&dd e@micghdudter dnatedaledsuch as a

h ﬁk mt(gthe device where it suffers further
20O APRTSFPdON ot her materials. The total anount of
absorption is highly dependent on the exact

[06007] gur Rd l@és b theebrfdt hestal elaetrbgedenfiguraten esemlconductor'
proportlona to the size of the el ectrode conta

mafedal O[rdgEilasas regtees. r eoRICARRrAY mejal elechrdee, umq*@_swably absorb
soPrKé fhphP' G OBdGMBH@”tma&ﬁ e@o‘?ﬁé‘&szé’rsgﬁof ‘P@?ﬁb@h%‘t tﬁé}grblock the

current’ crowdin usse
avarlablel sudacefareanivdrper ight casescapd. hi Thasd dm:he contemporary

relatively | ow el ect al_ conducti vi B th nse
elggfeages) %efg @%Ut?{%tefr&fgnh-i)eﬂl@tr‘?%tdé%% ¥ apmon of the
mc&&@r‘lf]orght(’fbuf hige QE%a‘t'rﬂﬁé' r‘éﬂecﬂedehgo tt Qedl?éétééf %J&glrﬁ’@ the device

ger areas where portions he active region
wheare i‘tasufﬁamyfufﬂwemahwryeﬂmtthyo@ﬁjert ma‘terlalsl | The ltetas amount of

current. f t he di st nt ar han..in as
abSPIRER, i b enridam of the et SactiolBtpfl & ERSsiectrode and
telfdd foestaldl bRdporitdtidlig o el sEaNsTeR BRictreae A dt Shéa.

em ssion. To reducé current crowdi ng, the geonetry of

the netal el ectrodes is extended over the )
[08198]c ond Referringuiava e Fignes BALE dhei sinsinie wé geFrentsarreading so

ast® r%ﬂ@a‘ié Wlpfémgﬁmsw allrEnt é:r%Wdir?gb?SOH@ELngd. The p-layer and n-
layer of contemporary LEDs are thin and have relatively low electrical conductivity.’
By themselves, these layers do not evenly distribute current to all regions of the p-
n junction, i.e., the active region. For larger areas where portions of the active -
region are far away from the electrode, there will be less current flow in these
distant areas than in areas close to the metal contact. This results in uneven
current distribution and consequent uneven light emission. To reduce current
crowding, the geometry of the metal electrodes is extended over the
- semiconductor surface. These extensions however lead to additional undesirable

light absorption.

[00109] With particular reference to Figure 6A, a circular contact or electrode
62 can be formed upon a semiconductor 61 and can serve as a wire bond pad.

With particular reference to Figure 6B, a cross shaped contact 63 can be
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[00109] Wth particular reference to Figure 6A a

circular contact or electrode 62 can be forned upon a
wa@emrasdguctor 6 1 and can serve as a W re bonPCPHS2006/034464

Wth particular reference to Figure 6B, a cross shaped

contact 63 can beconbined with el ectrode 62 to enhance

current spreadi Wth particular reference to Figure .
cor@mnaﬂarthbuﬁeﬁtm% §eo i@t enlances Curent r gyeadngan With- particular

ref%{ﬁﬂglgattol gg?ugea§m5ﬁ8gs"3tﬁg ﬁé@ﬁwte”cr‘?djaef s%c&%gg ??eg{aﬁ Hifilarly be

ng, especia on | arger

comBinktOlitH eRictatie 62 toifacilitats darranmpreadmgsespecéadh/som targer LED
provi de el ectric power the LED. However the w re bond

digsad areas nust be sone mininum size of about 100nm by
100mm Since the size of each wire bond pad is fixed

[Odﬁ%gr dl eg QEI %P§S S4< Gre UE@? SO t@%’ro@i@l@oélécmc power

bon d BFeas Can e a significant portion of
theoVEDal Howevérabe vareahoad\oaﬂcareaanwsme stw0e mstmtprocslaqpf about

10DRgHBY HypOsm-cISiRes Hi o176 P6eRPATS, BOfltth R Bad fedardiess of
defie st tE bsGtbid M bEaNIE e Hand el cafitte a significant portion

of thal gveraihsudacatisanand freisanteeLEDrdenitesni dt h can be
gquite narrow, such as on the order of a few m crons.

o ease BF eiind Rl et e bhiSaizhue dBsyEIN 6ot by an
elREOHRAS kA thihiRfzE HRS Sortaet Aaddr eaRidt Bf fhegéieﬁl@@@é If electrical
applications, the el ectrode nay car rtg%an anp

conmecdmnr@nthe HED sereigondugior matelialds m%ﬁ@mSlé@@&On then the

t S e Qf .so v e
cobl ] sinBRCAEs el Sy A8 of0f Bral ™y Bmicrons
Hoet@r OanWMrApdriant b@%n@@qbno@etmm@smlel mc@se of electrical

reduced without otherw se conpensat i for th

resisfivityasaused rlysi deqreasingd othe HE0%S adtionel qr%nz']n high power
ap ] b 08 Y A B s G RSO TR s he

crcﬁmcsécimlal arezn vdﬂtMQNanchléans dfl) daldey of somecminiohum value to
eep a constant

mlemgg Slect gé@lcqrza,s; pce, Thus Ct | nealcon{ac%l a‘r’rlcgaf\]I otr'hv(\?igjﬁ{c oF thé electrode
cannot merely be reduced without otherwise compensating for the increase in

resistivity of the electrode.

[00112] Referring now to Figure 7A, a typical dimensioh for a gold electrode
is W=20pm and T=2um for a total cross sectional area of 40 um?. Theoretically,
one could keep a constant cross sectional area and therefore a constant electrical
resistance by proportionally increasing thickness while decreasing the width as

discussed with reference to Figure 7B below.

[00113] Referring now to Figure 7B, according to one embodiment of the
present invention the aspect ratio of electrode 77 can be increased. That is, the
height of electrode 77 can be increase as compared to the width thereof. For

example, the height can be increase so as to provide a thickness greater than 2.5
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resi stance by proportionally increasing thickness

whil e decreasing the width as discussed with reference
WO 00Fi18sve 7B bel ow. [00113] Referring now t o FECTUSE06/034464

7B, according to one enbodi nent of the present

invention the aspect ratio of electrode 77 can be

i ncreased. That is, the hejight_of electrode 77 can be

pMindp dais dnaanelo HisaRas PloeIeRE0dE dfHihahisriBsontabwith semiconductor
PRI I SRR LI BEIRR, BB eI Shedotion i

coviseqliesty emmam tetalced s lmreas’rigame \MeﬁghtS@frrelectrrddl@W desirably
75 (and_ is thus availaple for |ight absorption)

m?“é‘@ﬁ]@%d't%rRPﬂdluﬁF\Y'tYabsghBt Pemapfs HeRshaRPRIY dgoreasad yand the
th[ﬁ:ggil%‘%sgg(rf kiReT E@EHBGe  RSs NG tmeFea%EaC%EOQE {d maintain _ desired

Intalns 1ts conduct ont act

cdmalsnctma@n Idmeaas athrafactttieg tdost kamels praﬁnctah @r@é@st cmkaderat:ons
een increased so as to_nmmi ntain desi

tYBleABUBTIVAIPSTOTR ST sArA A S0 ke eder T isither elepirege contact

ar?é%@?ﬁ%ﬁ%ﬂﬁ%@@%Bb%bﬁlob)q@c‘émérﬁhuchiﬂnréat%lr e% rg@gld be necessary

if iherglacttode was addifosorly stestidat coatzd te theoserhmondactou ataterial.
greater than would be necessary if the el ectrode was

[Oﬂif& ,f g{ A)r?clg rilgﬂ% Imci)% er,e%ﬁglﬁwagéje%tgﬁ)éé] %ggglrayé?\r}s 15 iRrease the
reﬁé&ﬁﬁty%%@%%i@aéo rSév%rércbrioP areRsfohfed ﬁé\béesééw ub¥d to create

of the el ectrode. Several prior art approaches have
refleciiveusledtrodes fealEDsef Thet $lmI@t95tmod@es af oretalEbbat has a high
t hat, _has . hi

refe B TRy S At R a0t ki & st Rapiter it the art

known to one famliar with the art. [00115] The chosen

[00#15] neeftse ichos@t netay nkaus t8 Mbtgbnlyehdwe taahig®, réfkttance, but
nmust al so make an acceg) tably | ow resi stance ohmnic
mMeglse maks &R acsepiabbhRuciasistargphalic cpptachio %%eraponductor

e I n I ely
mighee, G hoarly b MIACBR, | S ERGERERERes o lecria
resistarice tlyhigh réflectavityel ect rode structure conpri sed of

Ag is shown. That is, an Ag electrode 82 is forned
nat el

offPR8L2, S BRSSP0 PHRRAA Sl R Shhpefl o Ag e
sHoWvri amhia8 Iy, aRdAg electrode 82 is formed upon a semiconductor substrate 81.
Unfortunately, Ag presents a reliability concern because it is subject to tarnish and
it is subject to electromigration during device operation. Also, the contact
resistance of Ag-based contacts sometimes increases with time during device

operation.

[00117] Referring now to Figure 8B, the reflectance of the Ag electrode of
Figure 8A for different angles of incidence is shown. Even with a highly reflective
metal electrode, silver, the absorption per reflection near normal incidence is about

10%. It would be desirable to further decrease absorption to well below 10%.

[00118] Referring now to Figure 9A, it is known to use a 1/4 A layer of

dielectric 103, i.e., SiO,, to enhance reflectivity in a vertical structure LED. The
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it 1s subject to electrom gration during device
operation. Al so, the contact resistance of Ag-based
W@ oWr/asd3s2 sonet i nes i ncreases with time duri ngPCBEUSME6/034464
operation. [00117] Referring nowto Figure 8B, the
(rje;l ectance of the Ag el ectrode of Figure 8A for
~different angles of incidepce i s shown. en wth a
dielgcgia J03 i fosper \etyaen @ﬁ@é%@@pgg&ﬁoéa e Agmetal layer
b Pt per. re [ r M [
102080 bhIHPT ‘arBCioEY GRof isohoLERe 1RIIIENGE,  Hogever, as
disalassexdpbélow, tiee wekl ofb@ | 1d4v AL 6P/diclaxdidd 8peRefadrsubstantially tenhance
Figure 9A, it is known to use a 1/4 | |ayer of
reflgc®y et ric 103, i.e., Si2, to enhance reflectivity in
a vertical structure LED. Thedielectric 103 is forned

[oo‘fiiggrﬁen Re@?r%ﬁﬁ%”ﬁi@%é’@&l%a?ﬂge FReATNEEHR usaPthe 1/4 A

both ich are™formed upon a conductive holder
lay&0 bf .ditlevkicedoempravideussimndsd milectanceuéy tfe $ polarized light

. of dielectric does ,nqt, substanti.all C - .

mcld@f'Eég?rie\?Pt \AS fsBaatsy pyraiys nﬁ%omﬁ?@g%{;uﬁg §pPofgrized light

inckidht RBoRYRR diBRLtridRyEp Bagfa HBEp Mid in thayefleddance curve around
di el ectric does provide enhanced refl ectance for the S

47 holaar indéghted ghe duneg dEaR. t Tibisedip, sibsiantipbutredupgs the overall

Gy AR b RER NS ne LBy BR L hBkd e S fhizec and the
P SRAHARY RS THERRE! PieNGheldf a 144 N lagécet @idlduric ¥ N6t a suitable
152. This di '% substantially reduces the overall

solutien txtheviroblena of lightiahsoeriianby ae LER oleclrades or t he

average of the S polarized and the P polarized |ight.

ef or USE ' PN .
003381 "o R e et Y6 ot Fbion & retcte
eleatvadé EtivcturbyminimiZze® edmiatt atka bpfldar0thé\adestthdegand the LED

one enbodi nment. of éhe resent inv.elgti.o a refl ecl;lve.
ure fP

sep|cepdHEigE ateiel- PRIEIY: Pk Hiclelt piigaal s piisposed
befaleRft r&%n@ﬂéti&{%lééﬁp%f”'éﬁ@_n%ms%?niaaﬁcﬁ!dték’ .méterial so as to

conparatively t ectric material is disposed
elebtricatie isalateopddivnisvefl e eleatibdeawtile Hllovdng don tiaroportions to

material so as to ectrically isolate rtiQns
magpe@{epﬁ'@@fmn?%ctm ﬁltg\ﬁ ﬁ’ée'?(gtf'co?"ﬁ’i ”ago qrf)g:i?s q?og Blvet Nfidex of
refraction than the semiconductor and can be thick enough such that total internal
reflection occurs for incident angles greater than the critical angle O, as discussed

below.

[00121] Total internal reflection for dielectric materials provides the desirable
capability for approximately 100% reflectivity. Total internal reflection occurs
beyond the critical angle, ©.. In the case of a GaN to air interface, the critical
angle is approximately 24°. In the case of a GaN to SiO; interface, the critical

angle is approximately 37°.

[00122] Referring now to Figure 10A, a semi-schematic diagram shows light

reflection at a GaN/air. A ray of light is shown being reflected from the interface
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make el ectrical contact. The dielectric material can
be of a |lower index of refraction than the
wa@esrasaguct or and can be thick enough such the€T/Us1086/034464
internal reflection occurs for incident angles greater
than the critical angle Qc, as discussed bel ow
0121] Total internal reflectlon for dielectrjc .
bao[imntacr the Sapt semiseadugler gaaterighiie! besanss %ﬂ% aﬂale of incidence Is

t refl ectivity. Total. internal
gre%@t@%#ﬂﬁegﬂgggﬁfgsd%gond the critical angle, Qo. In

the case of a GaN to air interface, the critical angle
[001123ppr dRéfewire] poR4o Figuret 1B, caaslwrtbfshawgaieﬂeqilvsyezthe GaN/air

. interface, the |t aI angl e i.s roximtely 37 .
interigges 'Wﬁe?%ﬁ’é Wq %uoér‘f&p NC% semi - schemati c
di agram shows 1i ght reflectlon at a GNair. A ray of

[ooih %?Et | SREfapRy BEWS F@me,efrmdafs"éhmédmmancemég@ﬁmbws light

i the GaN sem conduCtor material 121 because the
reflactipre abfa iGa/&Qg éntesfage eagaordingate anecrobpdiment ahie present

S5 S8 TSR BRIl FBAGLESE) o Sl can

serhiRbndiiétber Riater@Ngles ehdi rtﬁedsnco@ laj€0123Y edlerintngthe GaN
now to Figure 11A , a sem -schematic di agram shows

semicghduetef Ineaierian13i because dheq@angle rﬂfe'f‘P‘Q@BC%d%cQ’f@?W@ than the
od| ment of the present invention. A ray of
Cr't\cgb%{]]glg %hown being reflected fromthe interface of
the GaN sem conductor material 131 and the SiQ2 | ayer
[00328] backReéferind heoweatd seigueohtiBcteorchant eshiowls Isfiectivity at the

a5k dfterangi ugurd oA o ek il iret SR o to an
embd&im t‘iﬁ?ﬁ% pRlARWBIrvehtisgti vity at the GaN/ Si O 2

I ntertace Figure 11A for different angles of
i nci dence according to an enbodi ment of the present
[00.1 26knt i oReferdng pey trdfigure hAnswa semiEsehareatiodiagramshow light

erl 5 37CB) SCLAT AR RR e SR by o

mv@ﬁﬁtﬁfn!'A portion of electrode 173 is suspended over GaN substrate 171 and
has a thlck dielectric SiO, layer 172 formed therebetween. Another portion of

electrode 173 is formed directly upon GaN substrate 171.

[00127] Referring now to Figure 12B, is a chart showing the P-polarization
reflectivity at the GaN/SiO,/Al interface of Figure 12A for different angles 6f
incidence wherein thicknesses of the SiO; layer are less than or equal to 1% A
according to an embodiment of the present invention. At a 1/16 A of SiO; there is
no total internal reflection effect and the reflectivity is marginally worse than without
the SiO, layer. At a 1/4 A of SiO; there is still no TIR effect and the reflectivity is
dramatically worse. At 1/2 A of SiO, total internal reflection does occur for large
incident angles but a tremendous dip in reflectivity occurs at approximately 38°.
At 1% A, total internal reflection occurs for the high angles of incidence and no
noticeable dip in reflectivity. Since TIR begins at 1/2 A of SiO,, the term “thick”
dielectric will refer to all dielectrics thicker or equal to 1/2 A.
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i nvention. A portion of electrode 173 i s suspended
over GaN substrate 171 and has a thick dielectric SIO
wo 2002136892 f or ned t her ebet ween. Anot her porti oPCD1S2006/034464
el ectrode 173 is formed directly upon GaN substrate
171 . [00127] Referring now to Figure 12B, is a chart

showi ng the P-pol arization reflectivit t the
[00428] i nt Befefdiag growitgrigure i€ oS @i F"F#eﬁ‘@%lrg@e%ﬁ‘”ty at the

qu@%lgjg? AC fidBgss i db ?@hﬁé‘rﬂ‘ﬁ??& of etrQﬁt §h% ‘?r‘icl;lﬁéérﬁc%e wherein

han or “equal accor
thicknelsbes @f@ﬁ@lﬁ]Ob fayentregreater thaﬂ 1% 1heafva®léﬁgﬂhh@‘riecident light
no total internal reflectlon ffect. and the
aceqidIngcto an epbpdimeptpf ke pgﬁ%\?gyen R without the Sioe
layer. At a 1/4 | of SiQ2 there is still no TIR effect

[0} the eplbapk! d’éfe%trlélagéﬁ@%)fé“a%ﬂ W aMOtHEE mif¥murh Zhickness for

( i Q2 total I nterna fl ection does occur for large
totahmwmm refiegtion, bist emaatrmmms&slsmqi as orifithleasiioi egnventional

onfical| cetiigs BRRSHT o IERHETAE gh Thikg PRl 8 ararBh Btyds in the
mdﬂ%fé&hhﬁ@éﬁb@e% P hig 68 | ikgdtratedYin Figee TbE, hﬁﬂllchssﬁbws the

the term"thick"” dielectric will ref
reftestivity cuives @f fori @ﬁwlcw@mn@at mdﬁef@timknew@me? at1.75 A,

e

12A for different angles of -incidence vvherel n

[00130¢ knes Regerdhgtritav $ Gi’gdrayl% & ee@l-ealhematldndraglamt $teows light
wavel engt h, of 1 nci dent

re asaﬁ@a.a%@qtilsmbttt% Bipgg éﬁ et %@éﬁ& 91%(5 ésﬂq smatingelayers of
Sl%1 ‘éhﬁ"ﬁ a1%3"3"!0?\ ?orgBﬁﬁ\%%f&rtﬂg‘ebﬂiésmzrﬂd&%yer 185 according

ness 6r total 'nterna ection,” its exact
to taini erkbeslsnem obtheapraseint iimantiag. | Ancelegtindé (vl makes electrical

coﬁ%tc. ég&@c?gﬁ({l%?qrbas?qrﬁ?qﬁgn%fe nﬁ@gldé{}%sgg L@)\ﬁsof the DBR

staT:'R' s Thick! bistséat edyep fBRIUEe fdrifed WutaBeRhews DBR stack and
eflectivity curves of for a thick dielectric at two

semlddraluetur rafecikh@8tes, one at 1.75 |, and the other at
1.85 |. The total internal reflection angl e does not

OGH92, 138 b EBEFEL AR ) U, Hoflec at i anges
Hdg\re?g ln|g'tdlbﬁg rf&; sugsuaa]ghmpmmar(daan)e efieptivitelotlot the critical angle.
Itis poss:ble to add a distributed Bragg reflector (DBR) to reflect the light at these
lower angles. DBRs are typically fabricated using a series of alternating high
index/low index dielectric materials. As shown in Figure 13A, a series of 2 pairs of
% A SiO, and 4 A TiO, over a thick layer of 1 % A SiO2 enhances the reflectivity at
lower angles. DBRs use optical interference to affect reflectivity, as result their

thickness is more critical than the thickness of the underlying thick SiO, layer.

[00132] Table 2 below provides further information regarding the electrode
materials utilized according to one or more embodiments of the present invention.

The reference wavelength for the coating thickness is 0.4500 microns. The phase
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SiO 182 and Ti Q2 183 on top of the thick dielectric

Si 2 base | ayer 185 according to an enbodi nent of the
w@e@3an3oi nventi on. An el ectrode 184 makes el eRCT/USRNNG6/034464

contact to sem conductor material 181 and is the final

| ayer onto top of the DBR stack. Thick dielectric

| ayer 185 is fornmed between the Est ack and ,
and; estREanga cadvesraren degmees. . Theeging iias sikilayers. The incident

i I gh

meflee SN THEVERRAH o MBI IR RN ptraledte ¢he

reflect|V|ty below the critical angle. It is possible
[oot@3pdd a distributed Bragg reflector (DBR) to reflect

the light at these lower angles. DBRs are typically

fabri-catedrysi-rg—a—sertes of alternating high

Mateigly/ | ow | MBQRB?%’F ectrilc materials. As shown in

Eigure 13A1 a series of 2 pairs of %l SiO2 and % |
AlTi @2 over g k090800 ayer ¢f 1 | Si 2 enhances the
reflectivitly at |ower angles. DBRs use optical

SiOnterferend®-28000Q ect réflectivity, as result their
thi ckness ils nore critical than the thickness of the

TiQpnder | yi ng [th28000) 2 | ayer. [00132] Table 2 bel ow

provides further informatiion regarding the el ectrode
SiOmt eri al s uUt0.26Q@@D according to one or nore
enbodi mentg of the present invention. The reference

Tiowvel engt h {f{GR500@0 coati ng t hi ckness is 0.4500
m crons. The phaseand retlardance val ues are in

s.@lzegrees The.z5@00000g has |si x | ayers. The inci dent
nmedia is GAN. The wavel ength of the light used is

0. 4500 mcrons. [00133] Table 2 [00134] Referring now

to Figure 13B, is a chart showing reflectivity at the

DBR | ayers of Figure 13A fortgpleferent angl es of

i nci dence according to an enbodi ment of the present

i nvention conpared to a design with only thick

dielectric conpared to a design with no thick

di el ectric and no DBR [OOlg%% Referri ng now to %_ure
[00034] i s aRefearing siwitadrigurs 388, 5 aychart shouing reflec ivity at the

DB{%H%}?;—:‘ glnéf %o%%tqggr fcﬂt dﬁl@%rﬁsa%l n8‘r’ qﬁaﬁgn@ézcégcghﬂﬂg to an
embodiment of the present invention compared to a design with only thick

dielectric compared to a design with no thick dielectric and no DBR.

'[001 35] Referring now to Figure 14, is a chart showing reflectivity of several
materials for different angles of incidence according to an embodiment of the
present invention as compared to prior art. A Au metal layer with a Cr under layer
has the worst reflectance as indicated by the lowest curve 1951. Al is substantially
better as indicated by curve 1952. Ag is even better as indicated by curve 1953.
An Ag metal layer with a thick SiO. dielectric under layer has generally better
reflectance than Ag, although curve 1954 dips below curve 1953 in some places.
An Ag metal layer with 2 pairs of DBR followed by with a thick SiO; has the best

reflectance, as indicated by curve 1955.
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present invention as conpared to prior art. A Au netal

layer with a C under |ayer has the worst refl ectance
w@sgoornskizent ed by the | owest curve 1951 . Al i SPCT/US2006/034464

substantially better as indicated by curve 1952. Ag is

even better as indicated by curve 1953. An Ag netal

| ayer wiwth a thick SiQ2 dielectric under |ayer has

[Oodéﬁ]ar al | Refasting powdp) igurenteAtdaamigchemeate G@QV%W%DWS a first
o< RBEHBICY o AR SR BSCa o g Ao i o

invehfidh. Fﬁectth?jeb&a?a ietlspdrateceabare ar@aNaubdtiaje ddd\aich that a
1955.[00136] . Referrin owto F| ure 15
thicke A Gapn 4aA IS umegy RT ey f ?etm%‘xéﬂ%aa% gupported on both

nt of a suspended el ectrode according to the
Sldggﬁ%ﬁ&i nventi on. Electrode 142a is suspended above a
GaN substrate 141 such that a thick air gap 143a is
[0037fred t Referbing vieem toEFigeire 688, B4 2emi-schemptie tdiagam shows a

both sides there 0 Ref errin w_to Fiqur

s eXpragir Sehonureh oA qrsnenea aod- & ah el fiige present
invBABOK | BRstiroRfe mw&w&%ﬁd% ebble dke TP Edbsteateo141hsuch that a

present invention. Electrode 142b is suspended above

plurality GhRirsgaps 143k ate formesh tharabetwesinur Rleictrpdef14da is supported
43b re for etween. El ectrode 142a is
O“g’eﬂbaﬂlﬁ‘%&“ Lt)%? H@?\aéﬁ%ﬁg in the mddle thereof.

[00138] Referring now to Figure 15C, a sem -schenmatic

[00d4i38Yr am RaferEing ndw rtd Eiganph 8Cy sesborlisohematic diagram shows a
suspended el ectrode according to the gresen

thindnexeinplaiy emmkadimgak of fsusendedpeirgade Rogerding tedRe present
mvéﬁ{?éﬁ r@i%@tr&&é’r1 Et?s "st]sﬁ dd'hEsvéite BAN éﬁt?é%\'dté 149" SR that a

er ebetween: 420 I's supported only on one
thick dir gdpendsc .is [f@mfﬁmhéfkebehﬁeang Heotrode Ahgarie suppprtad only on

chemati c di agram shows a fourth exenplary
°”%ﬁ'ﬁ§‘d§?‘ q;aof a suspended el ectrode according to the

present invention. Electrode 142d i s suspended above
[061'3@]93’\' R@?@hh?tr&)v@% Figré 16D Gk sShft@chaietic 1didgrand shows a

forired t herebetween. El ectrode 142d is supported on
foustht @xemplary embodiment of a suspended electrode according to the present
invention. Electrode 142d is suspended above the GaN substrate 141 and a thick
SiO, layer 143d is formed therebetween. Electrode 142d is supported on both

sides thereof.

[00140] Referring now to Figure 15E, a semi-schematic diagram shows a fifth
exemplary embodiment of a suspended electrode according to the present
invention. Electrode 142e is suspended above the GaN substrate 141 and a
plurality of sections of a thick SiO- layer 143e are formed therebetween. Electrode

142e is supported on both sides and in the middle thereof.

[00141] Referring now to Figure 15F, a semi-schematic diagram shows a
sixth exemplary embodiment of a suspended electrode according to the present

invention. Electrode 142f is suspended above the GaN substrate 141 such that a
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sides thereof. [00140] Referring now to Figure 15E, a
sem -schematic diagramshows a fifth exenplary
wepdodsasent of a suspended el ectrode accor di ngp@€DUS1966/034464
present invention. Electrode 142e is suspended above
the GaN substrate 141 and a plurality of sections of a
.thick SiQ2 | ayer 143e are forned therebeivvee,n.
thigk 8irlaver 143fdsifermaegh frrebaivsens Glectiqase 4448 suppered only on
Ladl reof. [00141] Referring now to Figure 15F, a
Onégge@lg-tﬁgfw%%ati c di agram shows a sixth exenplary
enbodi nent of a suspended el ectrode according to the
[oodMeFent Referring aow tBl FigureotieA 121 8émi-schermptio degrameatows a first
the GaN substrate 141 such that athjick Si O2 | ayer 143f
exarGblet (RERPeIEIeBh i v SPended iadotes il a8, IR edftact layer

acc&?g i)JIgch fgg,%réé&ﬁ ilﬁ\%ﬂtﬁﬂf - THOR&detlirRef B &1B6tro@NVof figure 16A is

sem -schematic diagram shows a firs
simitae ixp treatyof diigrarei Tehtexekphfaribe eddiwnedfdodiuon §nwixide dhO) layer
hm c contact | ayer according to the present
144.nvention. The structure of the el ectrode of Fi gure
16A is simlar to that of Figure 15A, except for the

[00a48] t i onReferfingli ntW ttbFigkisle6B! EOsemgeherhatlc di@@bA3lshows a
Referring now to Figure 16B, a seni-schematic diagram

secamehexemplesy minkodimenh o acstsandedt leetrade y4ihean hmic contact
i ' aGt, | c ' :
o} SERAENR LI, BRSOk e Y5y Pte1 OBokBod b Fiur
16Figsintiat tBthat ofiRigurar1 68) eixbapt fof tHe gdditiod 6Bindaxndiptoxide (ITO)
for the addition of indiumtin oxide (ITO |ayer 144.
la}’?bﬂ)‘lﬁ-ﬂ Referring nowto Figure 16C, a sem -schematic

di agram shows a third exenpl ary enbodi nent of a
[00943 endeﬂe?érﬁﬁ%rw t¥/ Fi?u?éﬁ@bmac sERIsBREMaRY Miagram shows a

according to the present invention. The structure of
thirdrexeshplary entbodimetitpirres uspended silegtrage with @nsahraic contact layer

acq@g&l@rgeteftagiprggc ﬁﬁ\ié[ﬁ{ont. hleheag rllJct:t'uPen of IheI &ghﬁ%é 'oP Figure 16C is
similar to that of Figure 15C, except for the addition of indium tin oxide (ITO) layer
144,

[00145] Referring now to Figure 16D, a semi-schematic diagram shows a
fourth exemplary embodiment of a suspended electrode with an ohmic contact
_layer according to the present invention. The structure of the electrode of Figure
16D is similar to that of Figure 15D, except for the addition of indium tin oxide
(ITO) layer 144.

[00146] Referring now to Figure 16E, a semi-schematic diagram shows a fifth
exemplary embodiment of a suspended electrode with an ohmic contact layer
according to the present invention. The structure of the electrode of Figure 16E is
similar to that of Figure 15E, except for the addition of indium tin oxide (ITO) layer
144.
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[00145] Referring now to Figure 16D, a sem -schematic

di agram shows a fourth exenplary enbodi nent of a
waempasien el ectrode with an ohm c contact | ayRCT/US2006/034464

according to the present invention. The structure of

the electrode of Figure 16D is simlar to that of

i e 15D, _except for the addition of indiumtin
logigﬁfs (| T%s;fqrwgamomio 'f'%rﬂ REf HPI-PENaipaliG diagrgly shows a

sixtf Fexgli’h r@ﬁl{? érﬁBBSWéd‘t‘bf gi g@ﬂhé@ %B%ctr%dfei Wit aR ORITAL *bMtact layer

enbo of a suspende ectro wi th an ohmc
aavonding tto Ity presant anaintignt d hehstrystereeot therelecirodenof Figere 15F is

Struct ur f.the el ectrode of, Figyre 16E is sjmlar
siiaf (e of Fidure s exeapkTof ihe pdin it indiimoin Pxide o) laver
144 n oxide (1 TO layer 144.[00147] Referring now to

Figure 16F, a sem -schematic di agram shows a sixth

exenpl ary enbodi nent of a suspended el ectrode with an

[00A48k corRReferringayww decloigurasy WA—T?‘I@, gngsnen}nplary, contemporary,
' Lon. Th f Fi
gD SfhetlF oy HE prbcsSot iamg R arERBefb. for 't ne

addition of indiumtin oxide (ITO |layer 144. [00148]

[oBe48Y r i nqWithvphgtidalyUrefsrehdéd-td MBlguan 1@8embairyef wire bond pads
contenporary, |ateral LED structure and the process
109r angr ﬂpﬁ% fagilitate fé\ﬁoaapllqaﬂgmgﬁ cuvenh tBa@tW!U!CQF‘dUCtOF 1093.

: . , . ; q
SSARSHNEE) LR BBt i Sublitt fonendopfiontfRhr 100s
coseprisesnaiu ptlayerl 008, afd mi odayeucition (hdagei $09®amep-lagen1097 are
ge%_qsr &2%&%&5@%&%13?&”%‘3O%qndrgé%%% og' 9|$ g?@uon%rifgggﬁ'g%gcurrent causes
adBive R¥Gibn UYDA B odEEE Gt atcbRify (O ARISABIWA driticidi&s

pur poses of thi's discussion) The current causes active

region 1094 to produce light according to well known
[09150ki pI &4/ith [m&s@@r afengnpate irdgurar 1 1 fibe dakrcation of the LED of

Fi gu 1 ri i 0 LED Fi qure
gy IR Dol T BRubiuchi eke: 695 9a8H s stlEbtrate 1006
Settiieshdacter 18psr. 16831 commstisisoan! ayg/er 10898 epadpai S&8ye?M 097 (as
n-layer 1098 and a p-layer 1097 (as
shown in Figure 17A).
[00151] With particular reference to Figure 17C, a portion of p-layer 1097 is
removed, such as by etching. A sufficient amount of p-layer 1097 is removed so
as to expose a portion of n-layer 1098 therebeneath. Removal of the portion of p-

Iayér 1097 defines a cutout portion 1099. The formation of cut out 1099 leaves n-

layer 1098 exposed.

[00152] With particular reference to Figure 17D, wire bond pad 1091 is
formed upon p-layer 1097 and wire bond pad 1092 is formed upon n-layer 1098.
wire bond pads 1091 and 1092 cover a comparatively large portion of the surface
area of semiconductor 1093. For example, the electrode wire bond pads of a
contemporary LED can be 100 um x 100 pm. They thus absorb an undesirably
Iafge amount of the light produced by active region 1094. Further, the
comparatively large cut out area 1099 that is required for wire bond pads 1092
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shown in Figure 17A). [00151] Wth particular
reference to Figure 17C, a portion of p-layer 1097 is
WO 20908392 such as by etching. A sufficient anoR@I/Usf006/034464
p-l ayer 1097 is renoved so as to expose a portion of
n-1 ayer 1098 therebeneath. Renoval of the portion of

pl ayer 1097 defines a c¢utgut ort 1099. Th
undgsikaRly JRdEeS jhe GiAe Pbestle e M‘%@ndﬂb@é f@ﬁbs& &gduces the

t
S 058 S i AR E Sy 8 o
eletnbmxdiepadlxédQégarsﬂéssrof&iévmza -thayedesiaBle light ebb«mp_dion can be
a o ranuriae et dicaveal sutnea Alrce ooy fpSmater LEDS
exanpl e, the el ectrode wre bond pads of a
[omﬁ errporltafé' Jléc?@vﬂﬁ% Re abpPedBlex tHé?tOthﬂthEhbemtahaﬁ of such an

absdorb an un rably I arge amount of t%l?
elgntrodiec stiu dtyreathatvie pan'galb/hwltbguana‘-marhaliy otitséde of a cutout offers

sub RGP et Stopanten dobisnHlectPaR 1 il BBt FEl Jufble. the

elei‘ﬁrtdd\éestﬂﬁcﬁarem@é'crmd ihfehnedtibh evith’ EjUESS 181e1 §BTbBIIw provides
roduced by such contenporar% LEDs. Since the
55

adgnuéteoboréga@ agpawhio guninyzing)be sizegel thpesdowisugafhaldess active
t b
argd Brrertolied MEHAEROR PR pTRARRR ours ace aren

parti cuI arI y for smal l er LEDs. [00153] It is
[00184]hwhi IRefeingpproeci Bt &igurat HBAM&EELe drorexemplaryoflateral LED

such an e| ectrode tructurethat artia
SRS 26 BBIAO R PBETTING TAReOlHInG 16 enerabedimant Pk fhe present
mv%‘?l\‘t’léﬂtQ%efhﬁﬂf.ﬂeAftp%h%&%%ﬁfor RYEr H90A%nd 8k bQ%'fMﬁned beneath

For exanpl e, el ectrode structure describ
wirsobord tiads 13912 &nd)d088a,18spestvalyl oMigi dtﬂl@té&c Iayers 1101 and

13 SRS e HaHeRLdy doiG BapuahAes A5 ahd g dton that
unHéglhébléai%hb%bﬁétw @ﬁQHere[bQQé%bsﬁ@nfh@ﬂ* dBere@vdt QA portion of each
ures an exenplary | ateral LED structure

witgntiond Pagr ot ’andr1 G92ameneping imeobiagt mgth semigonductor 1093 so
as SRR bR R0 ST orea baneach |

[00155] As used herein, a thick dielectric layer is a layer having sufficient
thickness such that effects of interference are not substantial. Moreover, as used
herein a thick dielectric layer can have a thickness of gréater than % A. For

example, a thick dielectric layer can have a thickness equal or great then 7z A,

approximately 1.5 A, approximately 1.75 A, or greater than 1.75 A.

[00156] With particular reference to Figures 18B and 18C, semiconductor
1093 is formed upon substrate 1096 and cutout 1099 is formed in semiconductor
1093 as in Figures 17B and 17C.

[00157] With particular reference to Figure 18D, thick dielectric layers 1101

and 1102 are formed upon p-layer 1097 and n-layer 1098, respectively. Thick

dielectric layers 1101 and 1102 can be formed according to well known principles.
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wi re bond pads 1091a and 1092a, respectively. Thick
dielectric layers 1101 and 1102 enhance the
wo edoraat3prity of wire bond pads 1091a and 1092BCHUSIN06/034464
that undesirable |ight absorption thereby is
substantially decreased. A portion of each wire bond
[O(gad 1091a and 1092a remains in contact _wth

1581 c ond W¥ithy patiimtars ipfatencs 1oy Filgyreat 8Ec Wit hend| pRd 1091a is
forh%%{ b Yopg Ft |éa%@1:§ﬁlau§5cdx'/é?@hlt%ﬁfd?élecg,r@ |hyérc'f1o1 and wire bond
er Is ayer

etrlc havi n

patl Mi0ORads $or$mmhsd> laatto et i&a‘ﬂt $>attfallryruoe/ef thidodielentec ayer 1102. As
subst Mor eover , ésggpgerel n

i ck
mentenga; o evq%aﬁepoefm iof i kheds fﬁé@% Zie109Rg, contacts
ser{@] fu%for%mréreb%n*eﬁwk di el ectric layer can have a

ness equal or great then Vz |, approximately 1.5
, approximately 1.75 |, or greater than 1.75 I.
[oqmsnsa] Referripgrmave i Ergureﬂ@vﬁeﬁalé anoemrgpdae,slamal bE® structure

and i lRae [20BSTIIG Fapreiing KL Ak eutalieatl Shisg:rageit jnventon

ard5BeWRS 17B and 17C. -[00157] Wth particul ar reference
to Figure 18D, thick dielectric layers 1101 and 1102
are formed upon p-layer 1097 and n-I| aye

1098, _

[00160ect | V¥itly pantlwtaf refespres £q Elg%%ﬁgx\lf‘a@'ﬂcbﬁdﬁqutﬂg layer 1101
; .

anf O O R RSP i 10010 ang, 1052, apgeivel

Thib&EdleWé.dltﬁc teyets p‘réﬂcr?ﬂﬁﬂdal 1:O§af enhmmba theaseflextiaity Iva&sbond pads

arti a cover thic el ectr] yer 110

1083 A D838 o hiah UngeSiEeb s diaht SBEorRsE teapley 1§ pybstantially
t e j G

doE I st el ik s 01015 IOl o coma

wﬁbesanmooddmtor10%Sotalséoéamilitem burr¢@fiod®@] Referring now
to Figure 19A-19E an exenplary lateral LED structure

oG okt B P EBRCE I ARSI Al A0, sspagnductor

1098 i fdrpidd epunarsub@tfeﬂéelrm@@ dred Eirteut 899984 fdrinkidalk semiconductor
di el ectric layer 1101 and 1102a is forned beneath wire

1083ras ipabiguter14Baand 1662bHoweypednithis gmbodiment cutout 1099a is
formed in an L-shaped configuration so as to mitigate the amount of surface area

thereof. In this manner, less of the active area is sacrificed in the formation of

cutout 1099a and the brightness of the LED is consequently enhanced.

[00162] With particular reference to Figure 19D, a thick dielectric layer 1101
is formed upon the p-layer 1097. Another thick dielectric layer 1102a is formed
partially on the p-layer 1097 and partially on the n-layer 1098. Thick dielectric
layers 1101 and 1102a can again be formed according to well known principles. In
this instance thick dielectric layer 1102a is formed downwardly, along the side of p-
layer 1097 and active layer 1094 so as to electrically insulate wire bond pad 1092b
therefrom. That is, thick dielectric layer 1102a is formed upon both p-layer 1097
and n-layer 1098, as well as the interface therebetween, i.e., active layer 1094.
Thick dielectric layer 1102a stair steps downwardly from n-layer 1097 to n-layer
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Thick dielectric layers 1101 and 1102a enhance the
reflectivity wire bond pads 1091a and 1092b such that
wanaessaabl e | i ght absorption thereby i s substeer/iusiobe034464
decreased. A portion of each wire bond pad 1091a and
1092b renmins ‘i n cont act vvith serri conductor 1093 so as

108 ci1Bis eoftsealion 28 ik Abipetl Sy G bt Sabip the oross

%&IOth'f GGLdP@A Substrate 1096 and cutout 1099a is
ornmed inh sem conductor 1093 as in Figures 17B and

17C. However, in this enbodi ment cutout 1099a is _
[00468kd | N\ith pagtisulpsdreferente UpaFiosre stPRswire homd qade 1091a is

e 4% AL ) B P b o B e b
p&d 10026U$ AR sansk tdat tb”alsggbﬁmls" sdvet higick HixIk6tric layer 1102a.

consequent |y enhanced. LOOlG Wth particul ar
As grasitioned above, gurastianpf wire: bendkpad él@dﬁrqwtacﬁwﬂamww and

o ol BTS00 84 B LB e i rtance i
bénd pxer (IQZQTIsafﬂdnedrddvﬁiWa/rdbyn |rt§nﬂatedl By and w%nng' |'|]th|( dielectric

dielectric |ayers 110 1 and 1102a can agaln be fo
layer di B2a And elgatrically wantasting nppwr 1988 thT@e.q%f'aweéon of wire
| fornmed downwardly,
b%@ogédﬁpgbgﬁ%éé%fé gheF}d%%g and active |layer 1094 so
as to electrically |nsul ate wire bond pad 1092b
[ODHSA]Efronln Tthist émbodimhem dihﬁllecdielastnicaybyellslotw1 sand 1102a
upo. th 7 an
UMY FRBoRt: thi 2Bt ioh dyov R BeMa PR 10RtA o Tagph so as to
erdfiiitte tﬁB'b?rtgr@h@éseéﬁ ’!h'eCLEDy TheldddRedtsttd ofE@BE 1099a provides a
downwardly Tromn-|layer 1097 to n-|layer1098. This

lacgarfacue area 084, smps ko tirthes enhroce dyebrightoess péthseldtD.

seen in the cross section of Figure 19A [00163] Wth
OB, Ao FUEER B BB shon, i eRsfcoan be fomea
bétiveek ait eleast r ac poeticer dfl@hclandowdr @abormhdmrd eléidel sand the

formed so as to at ] east |aII cover thi
seiNiEPREYSIPE MafeHal. 11J612%t hi ﬁ@‘iﬂ&ﬁ@a’f%é\%\haa%%rr%ﬂ%ﬁlv'tv such
thgg ﬂ‘iﬁ%ﬁre@?@ H?QB%{%%%@n gﬂﬂgg% %g?ﬁglﬁ(ﬁggtﬁ% ) substantially

mItlgatetd s instance, wire

[00166] Referring now to Figure 20A, a semi-schematic perspective view
shows one embodiment of a suspended electrode structure according to an
embodiment of the present invention. A metal electrode 162 is formed upon a
semiconductor 161. A thick dielectric 163 is formed between metal electrode 162
and semiconductor 161. A portion of electrode 162 is formed over thick dielectric
163 and a portion of electrode 162 contacts semiconductor 161 such that electrode

162 is in electrical contact with semiconductor 161.

[00167] Referring now to Figure 20B, a semi-schematic perspective view

shows another configuration of a suspended electrode structure according to an

embodiment of the present invention. This structure is generally similar to that of
-29.



bond pad 1092b is fornmed downwardly, insulated by and
covering thick dielectric layer 1102a and electrically

w@onrasdsdng n-| ayer 1098. The configuration of PEU/DE2006/034464
bond pad 1092b is best seen in Figure 19A. [00164] In
this enbodi ment, thick dielectric |ayers 1101 and

- 1102a substanti aI ly mtigate {ﬁght absorption by wire
Flmﬁﬁoa%d%}(cgpbilaataﬂdclqmgctsl@ tip kEakemdw sHeh that portions of

br t T e 0

o 155 oflact Bt KEAMERAITAGE I ¥iqure 20n. e
shf)WhtlhEFF glﬁﬁmi)B? &nhh@l@b@rﬁhbﬁe@fseleétrddéﬂﬁElib seffiddductor 161 are

According to the invention, a thick dielectric ’

t
preddede Adrthase il &égfmegne 1asb ¥4l 2PPERGIRiSn \aﬂoeac@prﬁwaatlons of
d |
ABABEN SHRCLHRAS GRS, 158, SR YT i contactng

sefticdnductdr 1lﬁ1dasﬁar|ab’sem’ferghtplabes;rarelpmssltn}e.t he bond pad
and/or electrode is substantially mti gat ed. [00166]

(0BTt Fillings ol ATAheTONG YRR e RIECHPOa SEUpIRR,dhat utlize

thiBk @FdIEQHBs Bebyding %o %%oérdhlrége te?nt?dﬂlt%@ﬁfédbfrﬁfg ngseWB fhvention.

present 1 nvention. A netal electrode 162 is forned
Fou manmlesecme: ontaredayasiof. ingulating klieleelrisctan be fegned under the
tal electrode 162 sem, cond e
bopdh BadR. p ST Ay PNACES, Ptaacwf‘SHU?@? IR e, Rlijgation of

cufteft %%wmﬁ 1%@ff'§mﬁltaﬂﬁ?t Pffléﬂ @@tsrgaﬂethéfsanmmﬁamh%f light
sem conductor 161 such That electrode 162 is in

abgpeption; kegauserthadlielgetrie leyri(ebroder ge @teptrod[eowsfqrm a mirror;
f rri t
8! S5kiRP 188 TRt A T R bl gpuging the cutout

arsa)sp emsteceaile cicatdine slesiipt forea krgordnge of di@Bizes; comparatively
enbodi nent of the present invention. This structure is

lovy Epnatagd N9|t@9€?nqnéirm9@ even CBFﬁ‘b‘Eﬂr@an except t hat
thick dielectric 163 is broken up such that portions
| ect _dutf-en
[061 es t @%%}X#ﬁélg@%rﬁ%dﬁﬁé‘ﬂ@ %?‘#%fri@% 2'&?\98? éei‘ré nﬁ?iementat:ons
of anletlorpgaéed chipacBschoelopigated ohips tan provideranhanded tbughtness with

bé @ rowded As those skilled in the art wll
CHRPFRC various configurations of
[00170] Referring now to Figure 21A, an electrode design for an elongated

chip is shown. Thick dielectric layers 1002 and 1003 can be formed under each of
the bond pads 1006 (the p-bond pad, for example) and 1007 (the n-bond pad, for
example). N-bond pad 1007 and n-electrode extension 1001 are formed upon an

etched away portion of semiconductor material 1008 or cutout 1004

[00171] The thick dielectric layers 1002 and 1003 insulate the bond pads
1006 and 1007 from semiconductor material 1008 so as to mitigate current
crowding. This results in an improved geometry for more even current flow. Hot
spots that cause uneven brightness and can result in damage to the LED are

substantially mitigated.
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el ectrode 162 and thick dielectric 163, with el ectrode
162 contacting sem conductor 161 in various different
wW@bk@ecasn3oar e possi ble. [00168] Figures 21A-24 BEIDWS2006/034464
exenpl ary el ectrode structures that utilize thick
di el ectrics according to one or nore enbodi nents of
the present inventio For exanpl e,
p E¥¥ﬁ np one

or npre |ayers .
[OQ)1f73] nsul &Urhgthiftel d e clavere 36 M fRimsd twﬁ%gﬁegducﬂve
S a nt S c ey i
o g SO PRI RAES iy AL AIHE IR A fenpectics
Exmrfsiumsl |1fOOE!d ahels 1905 tthmes ninoiren enagrily ndistribluitgyhcurrent throughout

St B T 8 A il o
cuﬁ"@hﬂ%‘ ﬁ’i@z lﬁf@%ﬁ(ﬁ?fo bé Bfl de¥ofdhsly €4 BAe H3PebtdbOe present

nore easily sca ab design for a large range
|nvehhdne si zes; conparatively low forward vol t age; and
nore even current spreading. [00169] The exenpl ary

10678 ongih B el dn“apbiigiafe el GBI b RgRbon (TiR)
pr@ﬂ@l@egu@étasmmnmg& i &rihahcipigh nghteém:sectubaOfb?CHne or more
Referring now to Figure 21A,_an electrode desig

empedimentgaafdbe @Iﬁeqﬁntsm@mmﬁ “Tine e%e af e|Eé%E<rs1‘tr¢JctLa9é$ 9ptlonal and

A e A R R
furthd?@nthapad lighoextexctionl €) . N-bond pad 1007 and
n electrode exten3|on 1001 are formed upon an etched

f | 1008
oG F007he] ussesls R ansr QB sihiciiiass o ogserbizds ghave can
sub&%H i& Rﬁnﬂf@at@%e@ﬁﬂ?lei%%@b f8n HGight 'Pder bond pads 1006 and

sem conductor materi a oast mtlggte current
10670\/\m81g;h iNsukatores(aist well rasainsulgiingviagetse 4882 randsod 003) can be

forg}ngh an ent f!]@& a'ﬁ'gt a%r'i%%‘%f bepﬁ% E@%eriggns 1001 and
1085 8bankt @hl’rlénmﬂbwgﬁir@@glﬁ QRHTedndusdr (AN koHsad sty the active

Iayers are not forned under conductive extensions 1001
region theyesf)tis morg @venly distibriasy and p-wiri ng
respectively.

[00175] Bond pads 1006 and 1007, as shown in Figures 21A and 21B, are
not located exactly at the end of the wire traces or extensions 1001 and 1005.
This is to show that bond pads 1006 and 1007 can be placed at any arbitrary
location along the trace. Thus, bond pads 1006 and 1007 can be placed at the
end, near the end, and/or in the middle of extensions 1001 and 1005. Any desired

location of bond pads 1006 and 1007 can be used.

[00176] Referring now to Figure 21B, a potential improvement with respect to
the configuration of Figure 21A is shown. The area of cutout 1104 is reduced by
putting the n-bond pad above the p-surface and separated form the p-surface by
the thick dielectric. That is, at least a portion of the n-bond pad is not in cutout
1104 and cutout 1104 can thus be much smaller than in Figure 21A. This thick

dielectric must also cover the edges of the cutout to ensure isolation of the n- bond
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Ext ensi ons 1001 and 1005 thus nore evenly distribute

current throughout sem conductor 1008. That is, the
waelr@vasse2 bet ween the el ectrodes that provi de BPCF/DS2906/034464

to the LED tends to be nore equal according to one

aspect of the present invention. [00173] It is

worthwhile to a1preC| ate that total internal

pad draredhe erlgyRrR)That éuitte area elither atorhis redueed gyeh ithat the size

o SRR LA 1 e B ot SR By using

smiafieP plitodbaD04reN GMAbRea Yeedter power duﬁpgt.to at | east one
enbodi ment of the present invention, to further

enhance |ight extraction. [O The use
[T or - DERESIT BPBIGAIORS, HesgF %B@W% e p'and n electrodes

e BRSBTS, K95 SIRAI 500 PR st

cayed, | thesusensfihalliiplg dlegterdesl®ag lamﬁenéfmsu Emurese 22A-23C show
forrred beneat h QOnd ds 100 and %q% not Feneath .
vapiie XpBIRaN oFPIameNiRNess Jolyea el 'f]ewaa,t ft GagHnitigate

sucls ThAeSEMGty hi ﬁ‘flﬁ'v\/éﬂ']l‘ faéit |y the active region
thereo s notfe evenly distributed. [00175] Bond pads
1006 and 1007, as shown in Figures 2 1A and 2 1B, are

[0015%8]1 ocaRefemingnaw taaFigures 82A-23C tthe nibens pad iseshawn split into

o SRR R 000, o0 PN B o

(arﬁ@ﬂ'ﬂlsl i‘h%léb@i&ﬁl Ebietatt @RI onEhatsoth8) thdotnds éfflﬁﬁv@lycform a single
1007 can be placed at the end, near the end, and/or_ in

paghd heradiaa kst tvax sepatiats wiredendsn @nedosachf Rasisi 1217 and 1218.
How%%/%% gfé'&gﬁ é??pg%é?\ﬁr%%n 3)9\961261'?%&2%%5?&3}%% Ien?ﬂgp then a single
bohdmad\/mzm ?2 wddmr?raeptelcﬁlly oomrirm:tdmmﬁl mnmﬂ 2vthaafl 1218 together.
ure is showmn. The are t 1104 i
In fhig masesy AR HesiFRy pyBPaE %@ﬂﬁp%iecfé AR CahES y-S'@ar face
and separated formthe p-surface by the thick

[064 ?]th :]'c\)/?lﬂll P&?Ecdcl)aaf refdreh88%6 Fgler 228MeS ntbithdp&@$d217 and
1218 and a single p-bond pad 1219 can be used. Two thick dielectric layers 1204
and 1283 can be formed between each bond pad 1219 and the semiconductor
material 1280 disposed therebeneath. Similarly, a thick dielectric layer 1202 can
be formed between bond pads 1217 and 1218 and the semiconductor material
1201 of cutout 1281. As mentioned above, such construction results in more even

current distribution. This is particularly true for larger and/or higher current LEDs.

[00180] With particular reference to Figure 22B, the area of cutout 1201 is
reduced with respect to that shown in Figure 22A in a manner analogous to that of
Figure 21B. Again, two thick dielectric layers 1204 and 1283 can be formed
between each bond pad 1219 and the semiconductor material 1280 disposed
therebeneath. Similarly, a thick dielectric layer 1202 can be formed between bond
pads 1217 and 1218 and the semiconductor material 1201 of cutout 1281.
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1104 and cutout 1104 can thus be nuch snmaller than in
Figure 2 1A, This thick dielectric nust also cover the
weoyea3sh2 t he cutout to ensure isolation of thRCTHUS2006/034464
bondpad fromthe p-Layer. That is, the area of the
cutout is reduced such that the size of the active

oFIEfY | § 0B FiTciing reremidt e Bkt 2208 AT chdnsion 1203
exﬁ?{g:fsg?%t gtﬁ%"‘@%r%c?\i\gé@'t'ﬁlﬁk H%Q tﬂ: 1b@ ectroggpé 'd‘fs‘i‘él'&ﬂf‘lmo of p-

nce en t es na
wigng axtendions exdéends todhe mgduh ofribcﬂkl dieopridi 1Q02f oAgarrd two thick

st B3k End 128 b o Hiti-asr£hSRd b3 Frro ana
theXSFRIcBhHUC(EP! FRREHAL 1980 BbpsdicP ntedehbafle STy, a thick

that can mtigate such undesirability high torward
dlalectnadawer 1202 7ah Refameadbetneent bomi gpades! 27Aa8@ @218 and the

the n:-b d. | 0 LL,hnto two electrically
SefTUGRNAUS rpr r?ﬁigagﬁﬁﬁéﬁ%@g&% principle, they can be
touching (and thus in electrical contact with one

[oer8z]her ) Vsl paitisulgf fefetande! v Figure 23AL28I8 etheagllayBhedrRl the n-
can be two separate wire bonds, one to each of pads

layez 1are Jpuersedgn pesikar (with ascenseaven rexarsaldn thadespadtive bond

d
o R ST PR R R B 228 il
Wlﬂcﬂélthdrwrfé bkdevite. fﬂh;us nboner SOﬁrahdllﬂfﬁctkr @tﬂ)ohdrﬁwmefectrlc 1503

ectrodes, can ysed Wth artl cul ar
ars S5iEhad 68 LD (PR DA AP de aﬁﬁ 38152 and i p-bend pad

AGPrE 109 feinieiyias dHAMIR (B R Mihsre of e
coea’mhntlmmxnshcp/wai ||1:F1@Jraac22Ah@2@)3de:madthﬂ electratles ias¢ réad8ed with
di sposed t reben a thick dielectric
re%%Fg?O% W@?@ékg@en bond pads 1217 and
1218 and the sem conductor materi al 1201 of cutout

[00F88] . Ayviterpdrie\gr 38feYshceS U6 IFig@RS DUUG R &lesidds LED that
in more even current distribution. This is

fagilifptesgupreg Lpifermy surrept digiripeition izisbewRi gl ndondepad 2403 and a

o8 epl b W2l Y B SLEGERT b B 8405, FBond paa
240?aha§ Eowick rdi€liegtrice 1a2A 2406a foran hetwasm | itsgdfusnd sanhiadnductor
maoterial 2401. Similarly, p-bond pad 2404 has a thick dielectric layer 2407 formed

between itself and semiconductor material 2401.

[00184] A cutout 2402 facilitates contact of n-bond pad 2403 to the n-layer of
semiconductor 2401. A portion of n-bond pad 2403 can be formed outside of
cutout 2402 (and thus upon the p-layer of semiconductor material 2401) and a
portion of n-bond pad 2403 can be formed within cutout 2402 (to provide electrical
contact with the n-layer). Similarly, a portion of thick dielectric layer 2406 can be
formed outside of cutout 2402 (and thus upon the p-layer of semiconductor
material 2401) and a portion of thick dielectric layer 2406 can be formed within
cutout 2402.
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Figure 2 1B. Again, two thick dielectric |layers 1204
and 1283 can be forned between each bond pad 1219 and

wo b@7asispronduct or material 1280 di sposed t her BOBEOISAD6I034464
Simlarly, a thick dielectric |ayer 1202 can be forned
bet ween bond pads 1217 and 1218 and the sem conduct or

material 1201 of cutout 1281 .[00181] Wth_ particul ar
[0028%k encé-bendipgdr €463 @ndythigl ij\@éf(‘ér%i VI A0 tisis extend down

o G P P 1 Sl ) ot
24g1$Iini@ffaslmlbnt$lmlbr ctoeirad:gldfl Elgg@w BAgaﬂSlﬂr;h tcgngtrhd:ﬁﬁh tends to
I 204 t
BTSSR @Y SR ABIBHS SR & GPTARER thalbrigbtiess and
fﬁé;éwsﬁgbhﬂﬁba?g?wss %%V%rl y, a thick dielectric

ayer 2 can or ne tween bond pads 1217 and
1218 and the sem conductor material 1201 of cutout
[00284] . [ powBil OV ekiepaioni 240 A extestsrfeorogp-pad 244 so as to more

366 Gt ige RurBbE tadhgb e, B ot of RERTETictor, 2401
pdrtsHl op adlmii %ltn@Ir all ot éﬁtehﬁoﬁ@ﬂ@'ﬂ kah b@eformﬁd directly upon

construction of 8ures 22A-22C is suitable wt
sealieprguctypatsrial 8¢t éwithpwisa thickodiglecimolayanthereheiween).
n- bond pad dielectric 1503 are forned on cutout 1504

08T PR 1P FchgBO; 18205 o oL te BBy e taver
shiosynt, Fee sefieE® Bif taneobr trhiereC DIBR pair | cam bbodwposedl:bgww] the thick
t he \%I{gctrodes are reversed wt

0

d'ﬁ%@gtﬁ'éﬁ’?dt@ h%gféo% l@ry-iagieegh Jigures d5- %@bssq the electrode
\erEEt E’@]‘E}ébtc\hﬁtﬁrthé sE&ii ctft RAMEE tRé ¢ ]pﬂtédﬁ’%an be Vla an ohmic

ectro LED that facilitates noré uniformcurren
codiaxt fayentor ourrest swrewdlngAayer- bond pad 2403 and a p- bond
pad 2404 are fornmed upon a sem conductor material 2401

s-bond h hi ck |
[OQ188) ot RBRrdiod dp P78, 4t AN Samaieiants i thd Fipsditgivention, the
thik Ididlactriy cap- 9 Ren pRGfor4ted. hﬂ%tﬂstﬂh'ecdﬁe@cﬁice@éﬁ b€ continuous in

| ayer 2407 formed between itself and seni conduct or
croggregqtign. 24lh1can [wo feaped sughodbab dogopacnet thavesany holes or

pe?fgpétﬁ)%% tﬂgt Q/b’ﬁﬂpga@?edﬂ?ed'%d{ 8ieﬁ&:‘?ricpfcl giﬂgéaro{o be discontinuous in

cross-section.

[00189] The dielectric material can be porous. Thus, thick dielectric
materials which may otherwise be too dense (and thus have to high of an index of
refraction) can be used by effectively reducing the density (and the effective index

of refraction, as well) by making the dielectric material porous or non continuous.

[00190] In view of the foregoing, one or more embodiments of the present
invention provide a brighter and/or more efficient LED.. Increasing the brightness
of an LED enhances its utility by making it better suited for use in a wide of
applications. For example, brighter LEDs can be suitable for general illumination
applications. Further, more efficient LEDs are desirable because they tend to
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sem conductor 2401. A portion of n-bond pad 2403 can

be fornmed outside of cutout 2402 (and thus upon the
w@200aya39Df sem conductor material 2401) and aP@DU$10061034464

of n-bond pad 2403 can be fornmed w thin cutout 2402

(to provide el ectrical contact wwth the n- Iayer)

Simlarly, portiopn of thick dielectri

redige ke p@stn@‘dis(ﬁj(sgpa@soby dadueing éh@m%& qafr?j@duﬁ@\ﬁ required in
Hﬁ@q material 2401) and a
or&pé}e[ %é‘ﬂégat(ﬁélsn%%sﬁec fgﬂ c layer 2406 can be forned
W thin cutout 2402.[00185] n-bond pad 2403 and thick
[00119311]ectriEmbcadjmenMOibScﬁbedembemi tlosimatehebyli ¢ afot limit, the

R 02 A S bR Pl 8 8id YAl ang yarations

arém hﬁBSQBIeF'IﬁU%%c&déﬁceSWh QHBSSJrlHEFp'Ié?s” dfenRs bPesent invention.

I'mze the size of cutout 24 and thus tends
Aceattingly, theescope gif theesweation & défirieshanly b thée éolbwmg gkaims.

di scussed above. [00186] p-wiring or extension 2407
extends from p-pad 2404 so as to nore uniformy
di stribute current through the active regi on of
sem conductor 2401 . A portion of p-pad 2404 and al
of extension 2407 can be formed directly upon
sem conductor material 2401 (without a thick
di el ectric | ayer therebetween). [00187] Although in
Figures 15-24 only a single thick dielectric layer is
shown, a series of one or nore DBR pairs can be
deposed between the thick dielectric and the
el ectrode. Simlarly, although Figures 15-24 show t he
electrode in direct contact with the sem conduct or
material, the contact can be via an ohm c contact
| ayer or current spreading |ayer. [00188] According to
one or nore enbodi nents of the present invention, the
thick dielectric can be non-perforated. That is, the
dielectric can be continuous in cross-section. It can
be fornmed such that it does not have any hol es or
perforations that would cause the thick dielectric to
appear to be discontinuous in cross-section.
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[00189] The dielectric material can be porous. Thus,
thick dielectric materials which may otherw se be too
walerzasqdand t hus have to high of an index of PCT/US2006/034464
refraction) can be used by effectively reducing the
density (and the effective index of refraction, as
well) by making the dielectric material porous or non
continuous. [00190] In vi &kAMShe foregoing, one or
nore enbodi nents of the present invention provide a
brighter and/or nore efficient LED. Increasing the
bri ghtness of an LED enhances its utility by making it
lo ?tter suited for use in a wide of applications. For
hple, brighter LEDs can be suitable for general
i1lum nation applications. Further, nore efficient
LEDs are desirable because they tend toreduce the cost
of use (such as by reducing the amount of electricity
1. r equiny eftdiidder Selicttie Psrodi skmigoddadtoe LEMUHe efedtiodbt structure
[00191] Enbodi nents descri bed above illustrate, but do
copgrisiNgrit, the invention. It should al so be understood
t ha r difjcati ons and variations are
poséﬂﬂ#gﬁﬁﬁﬂggggrééﬁce with the principles of the
pr eg@nbplicallgntransmisdiveodidiettricy madteralshayieg odin tilaex of refraction
invention is defined only by the faollown .
greatar TRANCOP Ao g 41 eSS Aare 1t GRPTSEPIYEIPE UPGR Which the
dieﬁ&éﬂigoﬁg eﬂringPmécﬁgna' ﬁé&ihgds fHiCHHEISY! GreefiP i A2 A, the
a netal electrode; and an optfcally transm ssive
digleettie anateriatdteing &rmieds ko gharelécioele o6 aseta @nhaoee reflection of
reater than or equal to one and less than that of a

9B conduct or upon which the dielectric material is
- formed and having a thickness greater than 1/2 I, the

2. di elfegtdibtrodd stridlrdas Retifedrinebimot ivigerelrect rode so
as to enhance reflection of light. 2 . The el ectrode .
st r @ctperdons afedhe e@laorodeaiisn 10 wlesingah: campavricalipros with a

sehwl?gonedu%%@%qgteirigl;ia'ﬁdel ectrical communication with a

another portion of electrode is deposed on top of the dielectric material.

3. The electrode structure as recited in claim 1, wherein the dielectric material

has a thickness of approximately 1.75 A.

4. The electrode structure as recited in claim 1, wherein:
the electrode is formed upon a semiconductor material; and
the dielectric material is formed intermediate a portion of the electrode and

the semiconductor material.

5. The electrode structure as recited in claim 1, wherein:
the electrode is formed upon a semiconductor material;
the dielectric material is formed intermediate at least a portion of the

electrode and the semiconductor material; and
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sem conducting material; and another portion of
el ectrode i s deposed on top of the dielectric

woredoens@ab2z 3. The el ectrode structure as recitBOI/US2006/034464
claim1, wherein the dielectric material has a
thickness of approximately 1.75 1. 4. The eI ectrode
structure as recited in claim1, wherejn:

el edhe @emlwdwﬁ@fe@amm ogmrﬁeéoﬁd@@ﬁbpnﬁﬂf\eﬁaﬂal selggted from

| material is forned internediate a
th%gﬁfﬁ) &irgsﬁét fel ectrode and the sem conduct or

mat @(]Gajt\s 5. The el ectrode structure as recited in

cI aim 1 wherein: the el ectrode is formed upon a
mABRARS t or material; the dielectric material is

for gN diate at least a portion of the

el ectrode 'and the sem conductor nmaterial; andthe

semGaAsRict or material conprises at | east one materi al

selected fromthe group consisti ng of : Al GaAs;

AI I el.ectr

6.5t doeiteolads ket s replgqqﬁnlcla  irE¥eipdhe dietectric material

coﬁﬂﬁls@@»@é 'lé‘aé%h@rméﬂen@%@ébl%ﬁﬁfr@h the Qﬁdu&é@wé’@th@réfm
sélected fromthe group consisting of: silicon

sili¢bo>d|@ede,3| l'i con nonoxi de; MF2; sil oxane pol yners;
air (;%,. The el ectrode structure as recited in
rt

sulg‘oglrﬂpqom her conprising an ohm c

MgF; 7

siloxane polymers; and

air. -

7. The electrode structure as recited in claim 1, further comprising an ohmic

contact layer formed between the electrode and a semiconductor.
8. The electrode structure as recited in claim 1, further comprising:

an ohmic contact layer formed between the electrode and a semiconductor;
and

wherein the ohmic contact layer comprises at least one material selected
from the group consisting of:

indium tin oxide;

nickel oxide; and

RuOa,.

9. The electrode structure as recited in claim 1, further comprising:
an ohmic contact layer formed between the electrode and a semiconductor;
wherein the ohmic contact layer is part of the semiconductor device; and

wherein the ohmic contact layer comprises a heavily doped layer.
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contact |ayer fornmed between the el ectrode and a
sem conductor. 8. The el ectrode structure as recited

wo poochaidm 1, further conprising: an ohm ¢ cont BCT/USAY€034464
fornmed between the el ectrode and a sem conductor; and
wherein the ohmc contact |ayer conprises at |east one
materi al selected fromthe group COI’]SI ting of: indium

10t i nThgiedestradeckisuctarg as;resier mueRimgl, fiRbick comprising a current
spr%%ﬁmakgrf% Fmb§ Pehiden éh%'t%aﬂ)'\d 4 Qéhfﬁndﬁ@{ggf' si ng:

contact ‘ay er or Ime tween the electrode
and a sem conductor; wherein the ohm c contact | ayer
111's ]ﬁaeteleﬂtroﬁbestmtrjremtted irdelainc d; fLa'thder\ermising:he

logygcr:cug%w %??téeaéﬁa e{qv%ﬁgg Cﬁgﬁglyheaﬁﬁl éﬁqq?lg%gq A sgnicpnductor;

an(é; further conprising a current spreading |ayer forned
etween the netal and a sem conductor. 11. The _
el ewhewie ther woiment spweadinigt dayearncomarised,, aff yeasteone material

conprjsing: a current,. spreading |ayer fornmed between
selegied Rﬁed%ouap CUFRBRIct or . and wherein the current

Sprﬁﬂﬂjrﬁ%n'cﬁdﬁ conprises at | east one materi al
sel ect fromthe group consisting of: indiumtin

oxi dekehiaollel ; and Ru®2. 12. The el ectrode structure

as ecjted in claiml1, further conprising: at | east

one'iﬁbJ 2r of dielectric layers configured so as to
define a DBR structure and di sposed between the

12 el eThe eiisctivie sthetuleedseeicited in elathn 1, further comprising:

at least one pair of dielectric layers configured so as to define a DBR
structure and disposed between the electrode and the dielectric; and

wherein each pair of dielectric layers is substantially optically transmissive,
is comprised of layers of materials of different indices of refraction, and is a

multiple of approximately %2 A thick.

13.  The electrode structure as recited in claim 1, further comprising:

a dielectric base layer,

at least one pair of DBR dielectric layers formed between the electrode and
the dielectric base layer, the dielectric base layer having a thickness greater than
Y% \; and '

wherein each DBR dielectric layer pair comprises at least one material
selected from the group consisting of:

TiOy;

Ti30s;

Ti20s;

TiO;

Zr0o;

TiO2ZrO2Nb,0s;

CeOq;
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wherein each pair of dielectric layers is
substantially optically transm ssive, is conprised of
wo 200en3630f materials of different indices of PCT/US2006/034464
refraction, and is a nultiple of approximately 1 |
thick. 13. The electrode structure as recited in claim

1!

further conprising: a dielectric base |ayer; at

| eaiNSone pair of DBR dielectric layers formed between

t he
di el

Ag%@qtrode and the dielectric base |layer, the
Pic base | ayer having a thickness greater than

whergiNn each DBR dielectric |layer pair conprises at
| east one material selected fromthe group consisting

TO2: Ti30e: Ti208: TiO ZrO2: TiO 2ZrO 2Nb206;

f:l
%?Qﬁ?épﬁ‘hﬁ’éﬁhg%é'(ﬁi@%?l TGO ni obi um pent oxi de (Nb O5)

pent oxi a20s); and sil oxane pol yners

Si Otatiafdin pentdide (TahOs); Bmel el ect rode structure as
recited in claiml1, wherei nM‘ﬂ:e el ectrode conprises at
2

| easilo¥are relymers Hj@r S1Qz or

el ectrode structure as

recited in claim1, wherein;

14.

The electrode structure as recited in claim 1, wherein the electrode

comprises at least one metal layer.

15.

16.

The electrode structure as recited in claim 1, wherein;
the electrode comprises at least one metal layer; and
wherein the metal layer(s) are selected from the group consisting of:
Al; | |
Ag;

Rh;

Pd;

Cu;

Au;

Cr;

platium;

titanium;

nickel/gold alloys;

chrome/gold alloys;

silver/aluminum mixtures; and

combinations thereof.

The electrode structure as recited in claim 1, wherein the electrode is

formed upon a semiconductor material so as to define a lateral structure.

17.

The electrode structure as recited in claim 1, wherein the electrode is

formed upon a semiconductor material so as to define a vertical structure.
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the el ectrode conprises at |east one netal |ayer; and

wherein the netal |ayer(s) are selected fromthe group
weongitasdng of: Al; Ag; Rh; Pd; Cu; Au; Cr; plBECT/URZ006/034464

titanium nickel/gold alloys; chronme/gold alloys;

silver/al um num m xtures; and conbi nati ons thereof

16. The el ectrode structure as recited in claiml
18wherBerelecieods skvetym as getitadnadclaipb A, whesin cobatiensyf the metal

forg?séctroaaeﬁ)gt\’\?}ﬁéc{)&?@ﬁé] ne a | at e_ral structure. 17. The

s recited in claim1l, wherein the
el ectrode is fornmed upon a sem conductor material so

19as ﬂhe@éd:tr@ﬁ@stracmgaals rsf.ltatt:mttﬂamia wﬁleeeialaepbntiod&)f the metal
structure as recited in claim1, wherej orfion of . ,
makes aheelectrical entgst ig a gemoqgupg)rgaﬁf@nﬁgat t{xp of a dielectric
mﬁleﬁ trode structure as recited in claiml1, wherein a
por |on of the netal makes an electrical contact to a
sem conductor nmaterial at the edges of a dielectric
20mat dhieaglectzode Ftectereasrediedsinr claimire wiereisa pedionrof the metal
ere n

mlieBah plegfih st ot SomipnEURsh R e PR Gyl openings i the
didIBEAEGRatangNi Ngs in the

21.  The electrode structure as recited in claim 1, wherein the dielectric material

is porous.

22. The electrode structure as recited in claim 1, wherein the dielectric material

comprises porous ITO.

23. The electrode structure as recited in claim 1, wherein the dielectric material

is porous SiO,.

24. The electrode structure as recited in claim 1, wherein the dielectric material
is porous enough to reduce its effective index of refraction such that total internal

reflection occurs within the semiconductor material.

25. A reflective electrode structure comprising:
a metal electrode;
an AlinGaN material configured to emit light about a central wavelength A;
silicon dioxide dielectric material formed upon the AllnGaN material, the
dielectric material having a thickness greater than approximately 1/2 A; and
wherein a portion of the electrode is formed over the dielectric material and

another portion of the electrode is in ohmic contact with a semiconductor material.

26. The reflective electrode structure as recited in claim 25, wherein the
dielectric material and electrode make physical contact to the semiconductor via

an ITO layer.
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dielectric material. 2 1. The el ectrode structure as
recited in claiml1, wherein the dielectric material is
wW@eon3e3922. The el ectrode structure as recit ePICT/IS2006/034464
claim1, wherein the dielectric material conprises
porous I TO 23. The electrode structure as recited in
the dielectric material is porous

27S| Of‘ e}@"%@le@?@g?%&'@%@ CORRIIBKIas recited in-claim
\@ﬁ,@@@éc?,%dgt el ectric material is porous enough to

reduce Its ective index of refraction such that
t ot & GaNtreatedial ceffiered dm eptdight abotiha mehtral wavelength A,

e r sicans St diskgfic, rigtedl EERST duRon dhSa A Sppterial, the
d.&é&ﬁerﬁéteﬁgmé\ahg? dhicRnesd bf AdgiBkinthatt1 asgent ral

wavel engt h i con | oxli de | ¢ materi al
for raécﬂeaabonetD%RNanrrvaedmpemthe enlmhe dibaede matedal; and

mat er,i al . havi a i ckness at er .t han oxj.nat gl .
12 Wit RBRe o e P srore erat poos dsEeficateral

andotheeDBRVEAir(ENandi ot ﬂ)&tlﬂﬁtcﬁrthéﬂelélﬂﬂ)dén@,tlhﬁhmlc contact with
portion of the el ectrode is in ohmc contact with-

the samicondluctasmaitgriaki al . 26. The reflective el ectrode
structure as recited in claim?25, wherein the

ol elget felflgc{(ﬁet gf'ecf:‘}l)dfé1 gru%tﬁgtars%ﬁlte@l%erd%lﬂﬁ?gﬁ f'?ll&hfrez&n each layer

contact to m con or via an

of rthé | BBRI p@r(e) s:bpmtelystmmsrmsneep oﬁﬂrffa?emgmda:esebfarefraction with
eIectrode OEEN mat eri al conflgurggto emt |i

| i.ght )
shRRlt to eash enda¥elenghf haveiaj BHskngssyithat 'g a multiple of

p?@%lﬁ\%ﬁél % Kraterlal formed upon the GaN material, the
e ectr ¢material havi ng a thickness of

approximately 1.75 |; at |least one DBR pair forned
2%por haqee&theoelemtr@dedetruamemas regited in claim 27 wherein the

dielectric and the electrode make physical contact to the semiconductor via an ITO

layer.

30. A method for forming an electrode structure for an LED, the method
comprising forming a dielectric material upon a semiconductor material and
forming a conductive electrode such that the dielectric material electrically isolates
at least one portion of the electrode from the semiconductor material while allowing
at least one other portion of the electrode to make electrical contact with the

semiconductor material.

31.  An electrode structure for an LED, the electrode structure comprising:

a semiconductor material having an n-portion and a p-portion;

a metal n-electrode in electrical communication with the n-portion;

a metal p-electrode in electrical communication with the p-portion;

an optically transmissive dielectric material formed to at least one of the n-
electrode and the p-electrode so as to enhance reflection of light, the electrode
having a thickness of approximately 1.75 A; and
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wherein a portion of the electrode is fornmed over both

the dielectric material and the DBR pair(s) and
w@pmrhas9porti on of the electrode is in ohm c PORNUSZING/034464

with the sem conductor material. 28. The reflective

el ectrode structure as recited in claim27, wherein

each | ayer of the DBR pair .1s_optical

Cr andiRTER 16 SBMeRsEntnataiAl L GrSpEkode @nghthg prelectrode
co_rogéﬂﬁétt?H@fiﬁé“éh?fétr@ﬁ_rEﬂ)%YrﬁEﬁurénd have a thickness that

IS amultiple of approximately % . 29. The reflective

el ectrode structure as recited in claim27 wherein the

di el ectric and the el ectrode nake physical contact to

the sem conductor via an I TO |layer. 30. A nethod for

form ng an el ectrode structure for an LED, the nethod

conprising formng a dielectric material upon a

sem conductor material and form ng a conductive

el ectrode such that the dielectric materia

electrically isolates at |east one portion of the

el ectrode fromthe sem conductor material while

all owi ng at | east one other portion of the el ectrode

to make el ectrical contact with the sem conduct or

material. 3 1. An electrode structure for an LED, the

el ectrode structure conprising: a sem conductor

mat eri al having an n-portion and a p-portion; a netal

n-el ectrode in electrical conmunication with the

n-portion; a nmetal p-electrode in electrica

comruni cation with the p-portion; an optically

transm ssive dielectric material forned to at | east

one of the nelectrode and the p-electrode so as to

enhance reflection of light, the el ectrode having a

t hi ckness of approximately 1.75 |; andwherein the

sem conductor material, the n-electrode and the

p- el ectrode cooperate to define a |lateral LED

structure.
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