LOW OPTICAL LOSS ELECTRODE STRUCTURES FOR LEDS
TECHNICAL FIELD (0001] The present invention relates generally to light
emitting diodes (LEDs). The present invention relates more particularly to
electrode structures that mitigate optical losses and thus tend to enhance
the brightness and/or the efficiency of LEDs. BACKGROUND [0002]

Light eVitingeteses (LEES)HPEeaRsIRISRIDFFBRES IBHN. BFDs

have been used extensively for this purpose in consumer electronics. For

example, red LEDs are commonly used to indicate that power has been

applied to such devices as ﬁ%dg%i”ig%é%g% |deo recorders (VCRS),

and the like. [0003] Althoug y LEDs have proven

generally suitable for their intended purposes, they possess inherent
[00QEFiciencidhenapreseatt ngentineir relaedl frwiadiyeds alightiesirdtiitity. diodes
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eﬁi&@?ké‘?'&tf L@@Qg 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 begpnsarm p§ithe light generated thereby is

lost due to internal absorption. Such internal absorption limits the amount
[00@R]ight thdligh’n be g adedionl &DEEDand¢has wmesirarﬁyar@d me known.

LEESh %f\%:r thergof% LQO %}é’r ?naltho!y h contemporar e

proven genera ySultATe f ¥ intEnBeP B dE &8 HET 03% ShiEs. For
examnip&ermﬁéﬁfhnaresommmmdeﬁaseﬁmndicate that power has been applied to
such devices as radios, televisions, video recorders (VCRs), and the like.

[0003] Although such contemporary LEDs have proven generally suitable
for their intended purposes, they possess inherent deficiencies that detract from
their overall effectiveness and desirability. For example, the light output of such
contemporary LEDs is not as great as is sometimes desired. This limits the ability
of contemporary L-EDs to function in some applications, such as providing general
illumination, e.g., ambrent !lghtrng Even high power contemporary LEDs do not

provrde 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 efﬁcrent as they can be because some of the light genera%ed
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,



their overall effectiveness and desirability. As such, it is desirable to
provide LEDs that have enhanced brightness and/or efficiency. BRIEF
SUMMARY [0006] Systems and methods are disclosed herein to provide
brighter and/or more efficient LEDs. For example, in accordance with an
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thatfbavedobancee kaghiteesiue/oraediagnayportion of the electrode can be
' formed over the comparatively thick dielectric material. Another portion of
the same electrode can be in electric contact with the semiconductor
material. The electrode cooperates with the thick dielectric to enhance

reflection such that light emi%%é%togaﬂﬁétg\g of the electrode is
reflected back into the semic t ['and thus has another
[Gﬂagjportunlt)é to,be exat%a ted tfﬁ% sth?eLc'I:‘}sE)c

0008] The term wavelength, (A) _
as'used her%%‘?%%ers othe Wavé engf (i)#s éiha%ﬁ{gf&e? PR Irf%?%’?%’h%%?nd/ or
motthectifbieist tizyBléng WithiexEhysielf lighdseithitaacsewittortueaohoditesat isf the
being referred to, f ample, then the wavelen égof this light is its .
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a mebiskaksdrode.be greater than '% A, where A is the Wavelength of light
inside of the thick dielectric material. The thick dielectric material can
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weThe optical{:y tr ns%ﬁ‘s’ﬁ%%% tgf%%%tﬁ%qaéﬁr@g% E\gg g%@@lﬁc %ng&ga can be
formed upon the semiconductor material. A portion of the electrode can be
formed over the comparatively thick dielectric material.  Another portion of the
same electrode can be in electric contact with the semiconductor material. The
electrode cooperates with the thick dielectric to enhance reflection 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.

.[0'008}  The term wavelength ()\),. 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.

[0008] The thick dielectric thickness can be greater than %2 A, where A is the
Wavelength of light 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, AlinGaN, and/or GaAsP,

for example. Other materials can similarly be suitable.
.



comparatively thick layer of material such as silicon dioxide, silicon
monoxide, MgF2 and siloxane polymers, and/or air, for example. Other
materials can similarly be suitable. [0011] There can be an ohmic contact
layer between the metal electrode and the semiconductor. The ohmic

| ntact layer can comprise indium tin oxide (IT [ oxjde, an
[001 02, foar’}lgfam%ﬁﬁf:% er%ﬁ%g AHER Gan g?ﬁ%llgarlcé?ge% gs%%abﬁéi% he % (?r{nicbe 2
compantavigydricardye parft ofdberisdmictndsctsitideniciosgiaprisingofraonoxide,
eavily doped layer. [0012] There.c rrent-spreadi r -
VGGG SE T Et T A g i LR e Bl S can similary
be sspgsiding layer is composed of indium tin oxide, nickel oxide, RuO2, for
example. Other materials can similarly be suitable. [0013] A series of one

[OO‘f;llmoref pajis af DRR dislecliclayersfap: e Jared Reivess “l?\%t%icéﬂectrode

ielectric layer and the metal electrode such that each DBR dielectric
and |diyerssirtidondiicten bEnspotalicteomsatsdaxsofaiffeRsAPRRcdyism tin oxide
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I iNniabj @&opéi (Nb205), tantalum pentoxide (Ta205),
con@éﬁﬁﬁe%g%%qw% SiO2, and/or MgF2, for example. Other materials
can similarly be suitable. [0015] The metal electrode can be comprise one

[001RImore mEtaregansbavhsreireBheRvREN iRt hPhNcRNtie IHRIR| glectrode
andIfRYReANSEINERIAL b Rbrdifl: Sohedding alePlsniskelanlddligymdium tin

_chrome/gold alloys, silver/aluminum mixtures and combinations thereof,
oxidtHFig féﬁ*%ﬂ?s'é/b!ﬁ)siﬁﬁrﬁmit&iﬁef[ﬁtﬁéﬁﬁéﬁﬁ@‘%FH&\?@&H@'G~
a vertical or lateral structure. A portion of the metal electrode can form an
[oofega for wikeskasgisg oAcpertinn@f faergetd Biedisdeidanayaieam be formed

electrical contact to the semiconductor material at the edges of the thick
et WAL e AR IR ORIV ET (RIS DIEL S HaEs RCT, Uhat Bach DBR
dielectric layer of this pair can be optically transmissive, of different indices of

refraction from each other, and/or cdd multiples of about %4 A thick.

[0014] Each layer of the pairs of DBR dielectric material can comprise
titanium dioxide TiO,, TisO5, Ti,O3, TiO, ZrOy, TiO2ZrOsNb;Q0s, CeO;, ZnS, Al20;,
SiN niobium pentoxide (Nb2Os), tantalum pentoxide (Taz0s), siloxane polymers

- Si0, Si0,, 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

adges of the thick dielectric material. A portion of the metal electrode makes an
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electrical contact to the semiconductor material through openings in the
thick dielectric material. [0017] According to one embodiment of the
present invention, a reflective electrode structure for an LED comprises a
metal electrode. A GaN material emits light about some central
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dielenteic thrxtbieK . dielectric material. Another portion of the same electrode
can be in ohmic contact with a semiconductor material. The thick dielectric

oofAN haves thickngss BrateRHeAR- SothdherdilRrincangishiabandiective

the metal electrode can make physical contact to the semiconductor via

elechioteGrive fotirey HrllerRiRpAsRscaMeiaipirstipdaitabiegbongterial emits
f hﬁ%ﬁ?ﬁﬂ'%m@%ﬁwo@%%%!%ﬁhe)\preﬁe@dﬂm% refR&iGicon dioxide

electrode structure comprises ametal electrode and a GaN material emits

matpgig cabbesemesstHran s alitmatetahick frciaririiae pigeingde can be
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can be formed upon the thick silicon dioxide material. [0019] A portion of
canthe dleelite 6antpetfvfithed §@§ﬂi§©ﬂﬁjﬁfé0th|61@'€ﬁé‘@ctrll—:hﬁw h%@qﬁz& can
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with the semiconductor material. The thick dielectric thickness can

elegjredeccammBlecAPYS IR ERsHasydp ot eSO BICHREIdciah Ya o’mdéﬁi?} layer or
othéﬁﬂ%‘i‘é‘ﬁélg‘?h%@gﬁrﬁé‘%#ﬂﬁwQﬁlfﬁﬂl%cuon with respect to one another,

and can be odd multiples of about '/4 A in thickness. Both the thick
dielectric and the metal electrode can make Physmal contact to the

[003 8 nicondAGEPHRSHI TR B2 FERDRBINFANDE IR BIERGE I DIRO P I A eflective

ele@rbbadinaptsref def%wtaIm&@%&bea@@w@/@mrﬁ]%ﬁ@némnts light
LED can be provided. Increasing the brightness and/or efficiency of LED

abogb e LRy E§ Makking e thordi coming'fs: DRkl 5Agess formed
updisie BeNdingaeneral diainatien.least one DBR pair can be formed upon the

thick silicon dioxide material.

[0019] A portion of the electrode can be formed over both the thick dielectric
material 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 12\,

[6020] Fach layer of the DBR pairs can be optically transmissive, of different
indices of refraction with respect to one another, and can be odd mulfiples of about
% A in thickness. Both the thick dielectric and the metal electrode can make

physical contact to the semiconductor via an 11O 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.
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-4 [0022] This invention will be more fully understood in conjunction with
the following detailed description taken together with the following
drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0023] Figure 1 is
a schematic diagram showing the concept of critical angle; [0024] Figure

IS a semi-schematic perspective view,of a contemporary lateral LED
1002} e (D0Be a0 S o e SN EFSE R L I Rion with the
follmememptzitey destidptibh RakénictyelHO0R6igs fe ibAvia@drawings.

semi-schematic diagram showing light reflection at a contemporary

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

GaN/Cr/Au inteifgegpfpEHg R i ionte ¢ pi P Pfntsidence; [0028]

Figure 5A is a semi-schematic diagram showing a contemporary

é ctrode structure having an ohmic contact layer; [0029] Figure 5Bisa

{005 ini-sche SHtedladiam SABRMRLS REATLERAVERE (HhGe SPRRSRe Of critical
angh&ving an ohmic contact/current spreading layer; [0030] Figure 6A is a

semi-schematic top view of a portion of a contemporary LED die showing
[00 t{ircular q_c%hhargt%h?t can also function.as a bond_pad, 0031} Figure 613

IS'a semi-schema ic%os vieW ot 88?3 I &95588—‘&? |%p y?_Ef) aﬁgétemporary
lateshblifiy strorctsseshaped contact with a circular bond pad; [0032] Figure

6C is a semi-schematic top view of a portion of a contemporary LED dice

wing e ont 2 1at is syl for. -5 u ith larger

OO TS Sreue e e e e sk O i borry
veriieal:|LED structure;

[0026] Figure 4A is a semi-schematic diagram showing light refiection at a
contemporary GaN/Cr/Au interface;

[0027] Figure 4B is a chart showing reflectivity at the GaN/Cr/Au interface of
Figure 4A for different angles of incidence;

[G028] 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;

10030} Figure 6A 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.



[0033] Figure 7A is a semi-schematic side view of a contemporary low
aspect ratio electrode structure; [0034] Figure 7B is a semi-schematic side
view of a high aspect ratio electrode structure; [0035] Figure 8A is a
semi-schematic diagram showing light reflection at a contemporary Ag
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bongiing $@li-schematic diagram showing light reflection at a contemporary

GaN/SiO2/Ag interface of a vertical structure LED; [0038] Figure 9B is a
[oozart showipgretiectivity atdhe GaNRIAR/AGideraGe & BIRBREARIary low

different angles of incidence; [0039] Figure 10A is a semi-schematic
aspeph Hriim LREWANEIRILGBIEetion at a contemporary GaN/air interface;

[0040] Figure 10B is a chart showing reflectivity at the GaN/air interface of
[oodapure 104Aierdifferelt anglasioidneisiemies dded Vidwowe & IR aaspect ratio

semi-schematic diagram showing light reflection at a GaN/SiO2 intertace,
elecifRAfefTUFick dielectric is thick according to an embodiment of the

present invention; [0042] Figure 11 B is a chart showing reflectivity at the
FO03ERN/SIO T iptedath of 4 igamrd-$thictoatidfdiegtamgidafimriifrtces 0043 at a
ConFig}lére 12A,is %fgl_r\%ié%ghematic diagram showing light reflection at a

Ea PEE7A Mtk acé'according to an embodiment of the present

invention; -6 [0044] Figure 12B is a chart showing reflectivity at the
[0038AN/Si02FgineefBcts afdfigtirehovinforefitiévibaal e ddiitefeee of Figure

8A f\gpgﬁfrg?ém egfq;]lyﬂﬁe%gz layer are less than or equal to 13/4 the
ight

wavelength of Tncident according to an embodiment of the present
invention; . ) o o _
37} Figure 9A is a semi-schematic diagram showing light reflection at a

contemporary GaN/SiOx/Ag interface of a vertical structure LED;

[0038] Figure 9B is a chart showing reflectivity at the GaN/SiO»/Ag interface
of Figufé OA for different angles of incidence;

[0039] Figure 10A is a semi-schematic diagram showihg light reflection at a
coniemporary GaN/air interface;

[0040] Figure 10B is a chart showing refiectivity 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/ SiOy/Al interface according to an embodiment of the present invention;
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[0045] Figure 12C is a chart showing reflectivity at the GaN/Si02/Al
interface of Figure 12A for different angles of incidence wherein
thicknesses of the SiO2 layer are greater than 13/4 the wavelength of
incident Iight according to an embodiment of the present invention; [0046]
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of Fagotd |Mdmodﬁmgamangrebauﬁmmimm¢lee\pha$em mermmseiﬁodmhe Si0z

anefg% ga chart S*]Q(W'?%-ﬁ,f'e‘?tg"%ﬁ att he IZ%BR | %%ﬁ%ﬂgr 510 an

eren ang &s Ormcidence aecor |ng 1§ 0L
emtprdiseat! oltheipregedd 8]veigiwe; 14 is a chart showrng reflectivity of
several materials for different angles of incidence according to an

[pod¥poodiment of B%BV%SE |MEHINn g%r%a %%rlr?@ BAN/SIO-/A interface

semi-schematic lagram snowing a fir exemplal iment 0

of FHagperiddd Weslitereatandiey o theipaassnwhesativthidossisegwethe SiO;
layetoB S @ReMUrSEhERatY, dtﬁ@%&@@ﬂ@ﬂ ao?emgehﬁf“?igs aQ¥ecordin ng,jo an

embodiment of a suspended electro ccordingto t ent Inven
embjodmgri@lhiea SereatdantEgEmatic diagram showing a third exemplary
embodiment of a suspended electrode according to the present invention;

[0048§52] F'Qq”l"gﬁﬁé@3&%8@5%%@%9@3?@&%%8@@@%“1 reflection at a
exemplary embodiment of a suspended electrode according to the

dlS%‘?@%‘é%ﬁﬁ%%@H@fﬁ@ééPﬁ&@M@a séritetrtingigwrasehviOz2 and TiO;
accORAMENG adiEh-SxRIPREATY 0PI QFEBERE Phastsrended electrode

according to the present invention; -7 [0054] Figure 15F is a
i-schematic di ram S 0W|n a sixth e g{ar embadiment of a

1004L S ondebl GG e SBcraRTy T HL S LRE M I IOR5) BT of Figure

13ALfA iffcsenisehies aifqnimaae devwiagng fitstexempanimembetimetresent

Inve%ft% suspended electrode with an ohmic contact layer according to

[0048] Figure 14 is a chart showing reflectivity of several materials for

different angles of incidence according to an embodiment of the present inventidn;

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

embodiment of a suspended electrode according to the present invention;

[00501 - -Figure‘ISB is a semi-schematic diagram showing a second
exemplary embodiment of a suspended electrode according to the present
invention:

[6051] 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 fo 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



the present invention; [0056] Figure 16B is a semi-schematic diagram
showing a second exemplary embodiment of a suspended electrode with
an ohmic contact layer according to the present invention; [0057] Figure
16C is a semi-schematic diagram showing a third exemplary embodiment

a suspended electrode with.an IG.CO. r rdi t
o0 RO 005 S iepa e et SRt T aon Semplary
emixibmizy affelstsEeecan e cimbe diotend vicat s Ubparidse ril drvaniowith

an ohmic contact layer according to the present invention; [0059] Figure

[oog" s 2 %%@B%C‘i‘éﬂ‘fi‘éicad?&{ﬂ@cﬂ%ﬂs %fgq}ﬁe%w eqbedingahplary
of'a suspended electrode with an ohmic contact layer accorglng to the
emindiseatimfeationsjo0eofFrrIerd adF With npbErensaNtarhdpdaT according to

the gﬁ@g@'ﬁgﬁvg gxemplary embodiment of a suspended electrode with an
mic contact layer according to the present invention; [0061] Figure 17A
iS cross-section view of a contemporary lateral structure LED; [0062]

[00%%dures 17847 D15R sEmiAcREMURCRERBUEHEIBAD sRIVAHY Some SeCONd
exeﬁﬁf&ﬂ”é%@&?@?ﬁ for fabeicatinadbe (il2ebddowrnl & N6/ fentsct layer
is

\ is cross-section view of a lateral structure LED according to an
accardBisHimbR BrasRb BYERtPRention; -8 [0064] Figures 18B-18E are
semi-schematic perspective views showing some steps in the process for

[Ooﬁ:}rifaﬂnglzt@@réEIB@fiEigL&@fﬁBAcW]cFi@ia@éxWbm-aeMimai@Mpiary
of a lateral structure LED according to.an embodiment of t t .
e o e oY PS5 S G0, L T AN B LA S YR Brepicing to

the $hhevdnginvention;

[G058] Figure 16D is a semi-schematic diagram showing a fourth exemplary
embodiment of a suspended electrode with an chmic contact layer 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;
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some steps in the process for fabricating the LED of Figure 19A; [0067]
Figure 20A is a semi-schematic perspective view showing another
embodiment of suspended structure according to an embodiment of the
present invention; [0068] Figure 20B is a semi-schematic perspective

[eoééirfw sho iggr%gotﬁ@eﬁg@ogi@%m_@eﬁem eHshuG ALY Chowing

embo nt of the present invention; [0069] Figure 21Ais a
someesiepeliR thatirdragafarshdnitaiiag bekiphef Heibedidant of the
present invention in an elongated LED; [0070] Figure 21B is a

[oogsyMi-schemalic diggran havdbeim SXemBlesy|RERPgireniel i according
present invention in an elongated LED; [0071] Figure 22Ais a

to agembedigmatiofdng Rl KGR ®xemplary embodiment of the
present invention in an elongated LED; [0072] Figure 22B is a

[oossIMi-schepaliesiagBm Showis g sunexsmplanticepbogisiveofiatvs  showing
resent invention in an elongated LED:; Figure 22C is a
SO BB AR R B Db SR SBn: of the

present invention in an elongated LED; [0074] Figure 23Ais a
[0088mi-schdfimiie @Bgras shmmingclresatinplas paothotlivient shihwing another
emBRENUPLIRRIA A CNAIEd LD, SIRPTSLIOUS RAIBA of the present

semi-schematic’diagram showing an exemplary “embodiment of the
inveprigsent invention in an elongated LED; [0076] Figure 23C is a

semi-schematic diagram showing an exemplary embodiment of the

[oo®ggsent i”%ﬁ!%’g@@@se@%%@hm BB S, 2% SRowing another

semi-schematic diagram showing an exemplary ‘embodiment of the
emippdBaninOEstishendefefonyitteg ERDITH0YSIEATbeaNhedisentHef the present

invéﬁﬁﬁﬁnt invention and their advantages are best understood by referring
to the'detailed description that follows. It should be

[0069] Figure 21A Is a semi-schematic diagram showing an exemplary

embodiment of the present invention in an elongated LED;

[0070] Figure 21B is a semi-schematic diagram showing an exemplary

embodiment 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;



appreciated that like reference numerals are used to identify like elements
illustrated in one or more of the figures. DETAILED DESCRIPTION [0079]
Light emitting devices (LEDs) emit light in response to excitation by an
electrical current. One typical LED has a heterostructure grown on a

strate rganj [tax imil hnigu
o el R A e O AR LGRS 3 xgoiary
embizegitngohaf thehpiesriidmehtien, inenagicngiatetelgidn; Exemplary active

areas may be quantum wells surrounded by barrier layers. Typically,

[oopctiical eagtaets are iattachediostirRibiee AR PP SEMIP IK Cl¥emplary

layers. When a forward bias is applied across the electrical contacts
embpsiing s aintre Sresaoth Gt BeaaRIgN YA 4R 8Broduce light in

the active region. Light is produced according to well known principles

[00F@]en th%%ﬁé%{@fﬁ@?@hd h@é@ﬁﬁ@@ﬁeﬁfm% évgtag@ﬁh oﬂwlerwiagh%t@cltéﬁmplary
reglon. | e efficiency with which a converts electricity to lig
S ) RS G TS s RIS b Sitcioncy. the

light-extraction efficiency, and losses due to electrical resistance. The

[00%8Ernal quaminodietécienoy the detesarinad/bytibe gualitief tdrantages are best
emiconductor layers and the energy band structure of the device. Both

und T B RS 3 e T R IS LRl ol oy Ediouia be
appiEQiged1}idte light mfeestica afficenalsisdie mdoftthedightfihaileawtsments
iy t{[l ¢ L(FER (O:Qg) tP theg%}lit hhaﬁis enerated within the active layers. The

ﬁlg extiattion SHitR 3; & 48 Rined by the geometry of the LED,

self-absorption of light in semiconductor layers, light absorption by

electrical contacts, and light absorBtion by materials in contact with the

LED that are used to mobigetredif4 34eN[0082] Semiconductor
layers tend to have relatively high indices of refraction. Consequently,

[oomg]st of the ilightdhating eeereted(IrHhe askvie i§BION ?bsponse to excitation by
an electrical current. One typical LED has a hetérostructure grown on a substrate
by metal-organic vapor phase epitaxy or a similar technique. An LED
“heterostructure includes n-type and p-type semiconductor fayers that sandwich a
light pfoducing 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.

[06080] 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-



an LED is internally-reflected by surfaces of a chip many times before it
escapes. To achieve high light-extraction efficiency it is important to
minimize absorption of light by the semiconductor layers and by electrical
connections to the chip. When these layers are made to have very low

ical absarption..by being transparent or highly reflective, the qverall
100 s, LR I IS ity it il Tryes the
L Ebdhiguie thelidgiinsadesofaneirgtaddeitton ikfeagtitive ageiten Thes iigﬂgi@ﬂfaction
.at intert ind f refraction iu . The, light can be _ ,
e e QR e ST 2 s B 5P St of fight in
sermisalidctar émgensniigbitabinptacety aievtdcatdontiosirasivpnghedibsorption
> light ither.be t itted into the Jower index of refraction
o e B B B T cte

medium 11. [0084] According to Snell's law, a portion of the light traveling
[00f2ln a mabemichadineien iniexsof iithction havietoralaiaeisial tighingndices  of
Ay [ . itical le 00 will .
e o P ool e et RSN Rt ion of
an bl tnepiytreilesiadiuesdrianetefrmathimirhanindirhes| betormdesscapes.
1 ri j o] ' \ ionn2. ..

o B S T TR Bon o
lightnbyelial ramisgackigiosrayesx andeiraeleptrigalovmroestioae fialthavingpa When
j [ , I e critical le O
eSS back T o Hgh e IR SL B R Sharent o
highhe epleriveidia owasiblightmsieatien drton(E Rjsampicirticatbd taptiady.
arrow on the right that does not -11 continue from the material having the

[ooBEIher indexeplARGHRN b inigUke Majghiaingfyingshe HWHB%QXO%efracﬂon
refraction but the arrow rather extends back through the material having

MetHeRigie it rtatAcbBE) Loyl inkex Lfvalsrelionvigdium 12. The
lightighemadesadnetinaipntdhansyists ovidaighthromaeARHSHAR 2348 action

within a semiconductor material where air or _ _
medium 11 encounters the interface to a lower index of refraction medium 12 the
light can either be transmitted into the lower index of refraction medium 12 or be

reflected back into the higher index of refraction medium 11.

[0084] According to Snell's law, a portion of the light traveling from a
material having an index of refraction n4 info a material having a lower index of
refraction n at an angle less than the critical angle ©. 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 ny into the material having the
higher index of refraction n,.

- [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 angie ©, 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-



an encapsulating epoxy is the outside material) which is incident upon the
interface surface at angles greater than Oc will experience total internal
reflection. Typical semiconductor materials have a high index of refraction
compared to ambient air (which has an index of refraction of 1.0), or

- . (whick | ion of - .
corSETHTE N VRO R 8 AT e
havirgDiehieweieirdrxthe reiisstignionicine atesirathes eotiefdsrbetiethrough the

t%"ﬁé? E] i r% i ﬂ%ﬁ aﬁ rfpi s ’duces the efficiency of the LED
ma yreﬁugﬂ ?ﬁg@ @%%r:to i(g tﬁt%at&Ti %FfED provides. [0088] For
conventional LEDs, the vast ma{'(_ority of light generated within the

[008f,cture ddeat3idhin interntariakiBarbg retoehesdagmmgafdairaction than exists
outSERIEPIHLIGeReFRIP NN S SaRP OlRPRYenEeRALGllim NS 5P ere air or

based LEDs on sapphire substrates, about 70% of emitted light can be

an gneaRsysdingeepare isdpprassipaaitsiahovhishindr ddaateranribe interface
surf@ad! amﬁdisgt?ﬁerﬁ@w%ﬂy@efmt%t%ﬁ%éq@dﬁtﬁf@mm@%pmU%ypical

suffering multiple absorptions T)y the metal electrodes and the other ‘ '
seminBHYEOR aRIRe5R48I& thighetdetabirkachan faaRarafinimaembient air

(whiBl$ RESRIRALI0OBRIMTHERbRArS) . dPeteHPRIRRIIS I ra fidR Ban have

conductor (such as _a metal conductor) that supplies current to
an igdexcehtritastaned aprspsinately rus, an electrode can be in electrical

contact with the semiconductor material. However, not all portions of an

[o08Hctrode #feanaceBsafily iRoNaehetiztheasrmrondIcBDRAIBNBhere further
Indg_ed, accordiné%to,g%rgxor more embodiments of the present invention,

bR N G BREHERRYs RPEHECHHEM cOHgE: MigiaAals. 2 This undesirable

abseRplicAndidciessiie ritisies anetheisPDRD YT e elasi 98e il of light that
lectrical contact with the semiconductor. [0090] Referring now to Figure
theg',%ﬁcfimgmﬁ%rary lateral structure LED is shown. Regions on the surfac
of a p-layer 21 and an n- layer 22 of an LED 20 :

[6088} For conventional LEDs, the vast majority of light generated within the
structure suffers total internal reflection before escaping from a semiconductor
chip. In the case of conventional Gallium Nitride (GaN) based LEDs on sapphire
substrates, about 70% of emitted light can be trapped between the sapphire
substrate and the outer surface of the GaN. This light is repeatedly reflected due
to total internal reflection, thus suffering multiple absorpiions 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 ferm electrode can refer to a conductor (such as
a metal conductor) that supplies current {0 a semiconductor material of an LED.
Thus, an elecitrode 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
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can be metallized so as to form electrodes 23 and 24. p-n junction or
active region 26 is between p-layer 21 and an n- layer 22. Electrodes 23
and 24 provide a means to provide electrical power to LED 20. For device
structures where the semiconductor is supported by an optically

t, electrically non-conductive. substrate 23, comprised qf a .
sen ] Lt SR R A, e G Rl gt
conEimith Beensade doodiutietop surface. [0091] In the configuration shown

in Figure 2, p-layer 21 is already exposed at top surface and electrical

tact c i e with. _H < i i .
[Ga?agj:leath ?gtﬁ%-la er}yg(%}ggdiﬁa{%?‘i[\% F‘%ﬁ)ﬁ%\ﬁ%ﬁgﬂ%ﬁfﬁ Lﬁ%ﬁc%ﬂ%%%ﬁ éectLED 'S

showm-IRrgions HBeRsaéceskdoprirebyieatadiag aptavienad playet.ED 20
candeAd@fiNg éﬁeészﬁb(f{?ﬁr{ %’f@%\’%}%@;ggg %ﬁ?ﬁ%fﬁ&rﬁ gBXéHSI?gg?gf%ﬂve region

lines) so as to expose n-layer 24 creation 0
26 guferivveen pelayry p21aged aechiciayoniit oFigstedes 28 candbd4 provide a

medPENRA IR U e s GYIr EBS%B?t %‘A@brqd:égéﬁ%& S Rere the

the current flowing generally in the lateral direction. This is why they are
semisnrldrtards RiepfrisruRyREsOTisalllistananaigatotieeincalbralon-conductive
pelfdfsses R hplieRP B ALIDRARSLYS | ngLEeaian st i
>t removed to pro%fjce the cutout s%ucture%ggg%ﬁ‘e niglqe%?:?r()ggé%ﬁc%%éaed top
layeh g anOTtRyREE 2k s becaadeelamibeciprsuafeasand consequently
reduces the ability of LED 20 to produce light. [0093] Referring now to

[ooggure 3, ap WeDoaRTRARAIERMEN FOmGHRe 2StUGHERDWRE IRy exposed
semiconductor (conggrlsed of a p-layer 31 and an n-IaCB/ﬁ(;:-r 32 that

at tegpufaRe st ecirical rrteg srradY esraasiiy Baty Hhemudthcalipwever n-

lay&iopelic i Rist RstradatR hompsEgis: 34 ea Retraned piepsoriisalikke electrical

transparent conductive material such as silicon carbide or can be formed

contRct 1 SERF - AraHiQIrerr i iR eshBY dRrB YRS A ROslRR 85 p-layer
21 SRBRAIIVEMEI¥PIB AR rehiovdaNbEM (oM RRcaRndi Gy ekl aveailel) so as

the n-layer, or p-layer in contact with the substrate.
to expose n-layer 24 therebeneath. After the creation of cutout area 28, the n-

layer electriqai contact or electrode 24 can be formed.

[0092] Such device structures as that shown in Figure 2 result in the 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 light producing region must be removed to produce the cufout 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.

[0083] 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 subsirate such as copper or molybdenum.

13-



[0094] In such LEDs, electrically conductive substrate 37 serves as one
electrode while the other electrode 33 can be readily formed on the top
surface, e.g. p-layer 31. Since the contacts or electrodes are on opposing
surfaces of LED 30, current flow is in a generally vertical direction. Such

devices are thus referred, to ert cul 0095] | edll £ with
SUCVVT'I R CHL PR %%%?gd%gs%a%r%/efééﬁ\%ﬁ%aél ‘é]ri@t%gé%% E%z%%@t?r%igc .
the dheytrtest satisfy similar requirements. These requirements include good

adhesion, the ability to make ohmic contact to the semiconductor, good

[oogfCtrical conduptynand dane ig) 24, CHIRN SsshARAITCBANEE one
Sdtisfied ﬂ)y using two or more layers. For example a first layer of metal
electucie ashithibmiothe leciatiecad privier astludredied ardtearime surface,

contact..A second .layer t v |
N A A A b
30, gatekistdlgadd slextgeabratydustinaiNiiemtiomatid) ReyigesrEpibyp refered
reflectivity jn the visible region. The optical reflectivity and the
to&éo‘f?é@b%ﬁé%ﬁ%’bﬁ%al absorption can be calculated from the refractive

indices of these structures and their corresponding thicknesses. [009

7] -
[0098here a Ragardieniaieybaiisriberasiph RS HRle ark iidGidss! gapteral
L.Ezgg%?r%%‘éur?ééj t‘@%ﬁ greatenargh surhithataptivahiaipderentreffersg@rements

an Issue. example, suc reflectivii%/’ calculations typically assume

incltiz incidéradhadienit fedaiitrotesaksi-fiiimite opneasbib fgesgmiconductor,
eacionay et Hels 1hi ¥giR0t orarspeeledidhararents are

goc}éis%%%e%% B@q\%pﬁ%ﬁ%uéﬁ@tgg%?@énaa feﬁhousaqd nanom;t!ejrs, sQ n_ v

 satifEcbynssgrifivemtcanooist biveiht rERERGRRISmErEaNEE 6f fetal such as

metal. The refractive.i I T : edieni alla d
o ELRGEI, SENAE S s TORaer R e MoHEaLelA secon
lay b evittios.eas Bihgth ReRt6Re PIeMCREPAsioIeHtes! conqHRiVILY.
) (Real) (Imaginary) . - '

[0096} Although chromium has good adhesion and gold is a good electrical
conductor. Neither material has good optical reflectivity in the visible region. The
optical reflectivity and the corresponding opfical absorption can be calculated from

the refractive indices of these structures a_nd_their corresponding thicknesses.

[0097] ~ Where a material thickness has not been giveh 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 fo be thick enough, typically
2 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 Materiai | Abbreviation Wavelength | Refractive Index | Refractive lndexi
j :
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Aluminum Al 450 0.49 -4.7 Titanium Dioxide Ti02 450 2.57 -0.0011
Silicon Dioxide Si02 450 1.465 0 Air Air 450 1 0 Gold Au 450 1.4 -1.88
Chromium Cr 450 2.32 -3.14 Indium Tin Oxide ITO 450 2.116 -0.0047
Titanium Ti 450 2.27 -3.04 ilver Ag 450 0.132 -2.72 Gallium Nitride GaN
450 2.45 Nano Porous SiO2_Nano 633 1.1 0 Silicon Dioxide Titanium

ide T

DIU/\IUC ||02 \.33 2 Gl G \Jal IIprili I&; B 633 331 U b [[L‘a
Dioxide SiO2 633 1.456 0 Ta lgﬁe f[0099] Tfl(e ﬁ kness of magﬁla s as )

Alun[ﬁﬂgﬁ(?ﬂ(,e(] it

microns (m) or!

& disciosure ¢
nanometers (r

m). Alternativ

amde In absolgiggunits, TABS,

oly, the thickness

SUCH as

of material

TitaGam BHgiden re

‘When given as

Ffdve to the nydtider of wave
the number of

wavelengths

|@rigths in the me

A\ the parameter

00 TLRei.

anmfmall\/

Silicret&hioxisiehe wavslength of lig

hsolute.thic

converted-to.t

YWithin the

nacc bhyv.m

ét@ﬁél |tself ThIS

alvino

c%m be

ln'F

Al refraction of the

OOttt

"Wlaterlal (N) aéﬁﬁdlcated by

TG

1
oy lllblll.

|J yrry IJy LIIU IIIUC

quation 1 below

yv."For

)\alllplc A I'-|- H
Gold ¢ [00100] TA

F-SiO2-at450

BS= (TX,Rei/ N) \ (Equation

A would b

5 76-8 M (0725 4%

04 gg465):

1) [00101] The optically

. ChrEphagtivity curv

P-polarized ligh

e@s a function
t and S-polariz

ed light. P-po

rized light

orletds, i.e.,

afsmcident anFEG!ms two comp

Indium Tin Oxide | ITO. - 450 2.116 20,0047
Tranium N 450 257 304

[Siver- TAg 450 ILEER 272
“Galfum Nirde [ GaN 450 1245
Nano Porous Si0Oz_Nano 633 - 17 0
Silicon Dioxide SRR :

Fitanium Dioxids | TiO7 633 2.67 0
~Galium Phosphide | GaP 533 357 o

[ Siicon Dioxide | 8102 633 7456 5

[0'099].

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, Tige.

specifically refers o 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 % A of SiO; at 450

Table 1

nm would be 76.8 nm (0.25 450 / 1.465).
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experiences Brewster's angles and has a lower overall reflectivity than
S-polarized light. [00102] Referring now to Figure 4A, a diagram of a
contemporary semiconductor and electrode structure showing the
reflectivity of an electrode 44 for light originating within the semiconductor

3

is provided. The electrode.utilizes, a fypical chromium 42 and gold 43
[0oH eltrode configuratioﬁcé‘?ﬁf iﬁcﬁ“ﬁéﬁd) uéon a GaN semicéﬁ% (9%4 . For
a reflection at an incident angle of 45 degrees, an average of only 25% of
[001R4]P-polarive ot B poftecibilyighiris rad extieoh obitite pfGRceEtharglathas two

d. Thus4hj rary fi ion_js undesirably, highl ,
conf e B SR M AR R B o e o
expeteninesdpwsians forgies apdmEall jouserovetals rafie sivitictnau&qrolarized
Eigh{naterials can alternatively be utilized. [00104] Referring now to Figure
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
[00thdlire sARgRIGIIgen@YC éontBiapEarfontaclig@iRtureds showantemporary

serfieSUding 1A HyMBerR BeNaHGEaRI At SiMg Uit REIEMAY R 4R %Ig?;éfode 44

contact and/or current spreading layer 52 bétween a metal contact

for kgl ariginAgpANNERR MaarmisoNTHEtMetdl toptavidsaimdy palediiofpitiizes
a tygReIScHAsRIIRPaSSRE agiIgsien « ENSIAN BaHiRfER RIS IR med upon a

conductivity, and ohmic contact. The layers canbe fabricated from

CaNarrinsanstaraint! confimaisiiecipmatrNivenidany aou, pldhdagrees, an
aveRRIWR HiYes B RENKE, BYdia fife e ah g R LN LB JHiSis r%ﬂggted while,

semiconductor material 51 can be from the material systéms suc
75%n 108 dng lignfnis A sAThRDaNT it thisrernisRpermiicasiasfatigeicandrsirably
higR@racidhsagetal electrode layers such as nickel oxide. -16 [00106]

Referring now to Figure 5B, an electrically conductive metal oxide such

as_indium tin oxide or nicke| oxide can be deposited on entire. surface of
[00103] Although Figure 4A shows a gold/chromium metal electrode structure

formed upon GaN, other metals and semiconductor materials can alternatively be
utilized.

[00104] Referring now to Figure 4B, a chart shows reflectivity at the
GaN/Cr/Au interface of the device of Figure 4A for different angles of incidence.

100105] Referring now to Figure 5A, a more generic contemporary contact
structure is shown. According fo 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 varicus 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, AlinGaP, AlinGaN, and GaAsP. The ohmic contact

layer can be part of the metal electrode layers such as nickel oxide.
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semiconductor 55 to define an ohmic contact/current spreading layer 56

upon which metal electrode 57 can be formed. In such a case, layer 56

serves both as an ohmic contact and current spreading layer. There can
be a layer that allows for ohmic contact on the very top of the LED

iconductor material, .as a heavil d region. [00107 .
100 8T RSP T i IR e 2 RIS SR mptal oxide
sucimateriiadimnrrtﬁa sirigdetune, mhmrmmtarmnetm elepweiles wndesitisdlyurface of
abso&b Ilght I addltlonag metal contacts are not traﬁ u;ggarsfent, thg%
SEMISaeHE or) RlaBIFE TS A RIRFONIR AT BEE SRISPAIY JA¥RT 9O upon
whtmmtmtab@ﬂabjrcme(ﬁrbdsa e Eopnelauib|n eftett. o bayedbpelysdirestles both as
bsorb a ion of the incident light, but th remaining reflected light i
an GEKSSS AS Bl 00 2 SRR Lol Y A BB ) Bl for
ohmrtatemraiacfr be tthtal aerpuitipofofiltiserpitid sshidddy dapendeniteridhesuch as a
h § corg?ﬁ uration of the electrode and tends to scale proportionally to
ea &'3fkctrode contact area. [00108] Referring now to Figures

6A 6C, the principle of current spreading so as to mitigate the problem of
[00t87Eent crmm@ﬁﬁﬁmmmt@emﬁw@e legefigieticenseoniagnductor

mat ﬁgs&re\_t@@ %% e " SHYWEV% §|s féb %?Q&F&H%%O aﬁs esarabiy absorb

emselves these ayers 0 not te curren regions
Somﬁeimhfh juctisdditionaie aetied cagitacisararget dreasneerd, pt’ﬂey)nisfoctk the

ava @%%Ct 5%@'05r§5e REWaY; ﬁ’tmé eé%%*éB%e thﬁﬁ?sw '”sl?J%ll\esfontemporary
current flow In these distant aréas than in areas close to the met
eleciopniast. NEYiS @simshiewféa@n Toetemodistrityutl sacilyd dossdgaepprtion of the

mmHQﬁ%’?@l’x‘Qhé é“?@ s “F‘e’f%‘éﬁ%ﬁf‘ﬁ r%ﬁ%?"?’sd'ﬂﬂeﬁigog%%{@i?#ﬁtﬁ%f 18 device

metal &ledtrodes Is ex nde over the” semiconductor surface
whesgielisivriteroenbeleat soratiditiony otftwsirableriidit addwptiatal amount of

abs I%%] wwt'% @éﬁﬁ@g?'&? {Re': D& n%j F %r ¥ @tﬁ% Yjectrode and

ctrode formed upon a semico can serve as a
teﬂdﬁr‘é@ iseatepeidpanicnphyticulbe iBks efdeae Iél@n@dﬁpatamw@haped
contact 63 can be

[00108] Referring now to Figures BA-6C, the principle of current spreading so
as to mitigate the probiem of current crowding is discussed. 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 o 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 io 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 83 can be
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-17 combined with electrode 62 to enhance current spreading. With
particular reference to Figure 6C, various other geometrical structures 63
can similarly be combined with electrode 62 to facilitate current
spreading, especially on larger LED dies. [00110] Typically, wire bonds

conbg%ng peaxcrixcl}ﬁ%s %fé‘&?@éetod%’ OYLde eeﬁl%m:% PRIVEE ntp esi{%%d&%%?&'%\?&@é%@cuiar

areas must be some minimum size of ab
refegince thefSigeref@Gchavicaid mtbigragds iedricaigainiesses daviem simmjlarly be

conSESTRL A APeSNE IR TES SRR TOH Leo

diesfor reducing the undesirable absorption of light by an electrode is to
minimize the contact area or the width of the electrode. If electrical

[00 ] eCtiOng‘BEH%‘N; SRR Ao ARl 1R ABR 0N HONRECERIGRC power

then the contact Wll-:(‘jﬁ!lﬂ can be quite narrow, such as on the order of a few
the iHidPonlOwRNGERE WiTenROOIEaPRECHSIAR AN REtREMATBINEBIEN SéF8 feabout
100%@1?4%&”&%&?'?%% %?’z?yo‘ie&é%ﬁs{ﬂﬂé@oﬂ&’sﬁa%e%"?B@oa'?‘ét@a'ﬂasfess of
Igh power “applications, the electrode may carry an amp or more o
devingsine, Thisakespibdsotiedoopssisectived ancbaieRRICAV DR thisignsieafttportion

of i %%&%ﬁognﬁa{gg?%ﬁ]gllﬂg{t%?ﬁgi@éec%ggéié:al resistance. Thus, the

contact area or wi e ele e cannot merely be reduced without
otherwise compensating for the increase in resistivity of the electrode.

[00100112) R&EFIMREHNE tOFitRABGRY dhppitadeniraisi bR RigIdof light by an
ele @@L IS WUTRRE RRAEnERIAF Lol REaRRI B SHieRa! &1EearBHA0 MRiectrical-

Theoretically, one could keep a constant cross sectional area and

conmratiesréa tbenbRiAtsasiaend s mAtYBY fsroperaBhaipnsidesatiag. then the
contdeKneRRnVRle Q%raﬁﬁ@gﬁ@ﬁwtgﬁ% discusseghavithgetersnce 8w microns.

Figure 7B below. [00113] Referring now to Figure 7B, according to one _
HowavssdigferififaRanpreseridai@iitionithéhgspirdealialie cleetrrfe 7 pic giectrical

resREVRE eeeEd NS idPRasing the cross sectional area. In high power
applications, the electrode may carry an amp or more of current. This requires the
cross sectional area, width (W) x thickness (T) to be of some minimum value to
minimize electrical resistance. Thus, the contact area or width of the electrode
cannot merely be reduced without otherwise compensating for the increase in
resistivity of the electrode. | | |

[00112] Referring now to Figure 7A, a typical dimension for a gold electrode
is W=20um and T=2um for a total cross sectional area of 40 pm®. Theoretically,
one could keep a constant cross sectional area and therefore a constant electrical
resistance by proportionally incréasing 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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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 -18 m. In this manner, the area of electrode 74 that is in
contact with semiconductor 75 (and is thus available for light absorption)

is,reduced and light absorption is, cons ntly similarly reduced. .
S e PR e PP Bar D) o lAae bl g uctor
75 aricienthotaseailhicbienidacrapsechtod)the rivicioaesant thghalegitrdstion is

has been increased so as to maintain desired conductivity. Howev ,
coNRREHRALN AN UGt SRR A RGRE Lo RO oS BIERE 1fdesiably
maiakedtrodesthickirrgsiing2.5 4meordagitmn: Tausthesglestiee goriegtsieand the

._and its.assqciated apsqrption become much greater than would be, . ,
thichiESEe By (inE BELTe s HEEH (0P UD FeothCalor e W Hain desired
consetivitpdkttoravaternian Relld Anaibe nme thoddarae gustrg €ledireidterations

tion is to increase the reflectivi%é)f the electrgde. Several prior art

ab
tyPIGB Y BRSO B PRERe % o MeRB AR Wle A oAU RONaCH
arc8iBless isdooernal BRIIRINBE @ higmRileghviierihesedoelidBshecessary

... Ad, Re and others known to one familiar with the art. [00115] The chosen
It th, SSCHOEGWBHBEShPhaUl £IRgHiFaiserinct pfemastisr ke material

acceptably low resistance ohmic contact to the semiconductor material. In
[00tteifase ofpditee AlbtbadNfoniydgioondisttoldw dieoifitan reststanctease the

o BRI O AS R LR TG PR S GeRess EABrhiaeate
reflepibreacteohioded uoo L Sillstraled Isirisitartusatelyishgepreseatsitat has a high

reliability_concern becayse,it is.subject to tarnjsh and it is subject to .

o TS R e i0e B AR A AL R lee T Bty art
Ag-based contacts sometimes increases with time during device

[00dp6]ation. [o&l thpRefemigia noredsFigureBBntnehafiedahighofafiecdance, but

vmu%ﬁ%&ﬁﬁgﬁ?{? %ﬁé@%ﬁl%ﬁﬂfgﬁﬁ@g%@gﬁ% 05 Hﬂ?llg %Bﬁ?aiét %qug'sl;e\r/‘ﬁf}onductor

material. In the case of p-type AlinGaN, only Ag combines low electrical
resistance with high reflectivity. |

[00116] Referring now to Figure 8A, an electrode structure comprised of Ag is
shown. Thatis, an Ag 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.

f00117] 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
-10-



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 \
layer of dielectric 103, i.e., SiO2, to enhance reflectivity in a vertical

. . The -19 dielectric.103 is formed bet GaN

o G Lo B R Al S5 Bl B 2hove et aver
102upmtta obnethistiveaneldemid . bimwevercasddisiussesidmionn the Hemvelar, as
: dielectyic d tantjal flectivity. [0011
BRI e 1, B SRR Ae-cea o1 e Ay gphance

reflesftolidyectric does provide enhanced reflectance for the S polarized light
incident thereon, as indicated by curve 153. However, the P polarized light

NG t is. di tel a ipint lectance cugv,
ootiefer PRSI FUEiLne fen e 08 EAERETEECH e 11
layasvefaffiglsiidgvitpass mdidcdee¢nhanecslnafitsiafmaHoavkeade pbtiaezsd light

inci@alar t larized light, . Therefore, th fa 1/4A layerof . .

mc{@%ﬁécﬁ%ﬁ%&ﬁbt%sﬁtg%ﬁe{%i uxzioauto%lhé%pgéble&in 0 %I%rﬁ)‘t a %g‘rﬁ%%yao{f/zgﬁ light

incide glewirddis. fioieztintayedimste alrepndipdinibet witeetanesentrve around
sinvgntion. egliv ct Str. re;minimizes_contact area betyween

7 LB R 5 S S R e

reflefigisttrigniaticaicd bistfosednetbdeivatbensimtige el ttoSepatatite and the

ico or material so,as to_electrically, isolate portions af the .
P pé%ﬂ%é\j g\/ﬁgile arlll%gvaﬁéefotrﬁogt#esre p((‘;jﬁ?oﬁzét(g‘ 7%5% Ié%f%ﬁgﬁr@oﬁta{]&? gh%uﬁable
soluieteturibenateriiant bghb fab sonsidndexant [rEaetEnrtvm the '
semiconductor and can be thick enough such that total internal reflection

[o0PS6Y"S formgpd]hgn&l%gr = E%@gr?e%lregﬁl‘gﬂ@l@'@g@w‘?jq@én‘?féﬁu%s‘fggecﬂve

below. [00121] Total internal ectric materials provides
eleqegia b ueipsbiminfalizgsnenmiaate Breadetutiestitig. dletitideraatl the LED

serRURHARACHH  erial. A comparatively thick dielectric material is disposed
between a conductive electrode and the semiconductor material so as to
electrically isolate portions of the electrode while aliowing for other portions fo
‘make electrical contact. The dielectric material can be of a lower index 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.

[60121] 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 critica_i

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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beyond the critical angle, G.. In the case of a GaN to air interface, the
critical angle is approximately 24. In the case of a GaN to SiO2 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

f.light js shown being reflected from the. interface -20 back into the GaN )
bac R O A RETAHET FE B BREE Bl o oRe P RS e: 191 igraence s
gregtanttzm ¢htoaitiumler@ld @, 23] Referring now to Figure | OB, a chart
shows reflectivity at the GaN/air interface of Figure 10A for different

es of iggi : Referring now, to Figure 1 1A, a.. . ,
oo B35S o REHETEE 100 RBETOR DO IB T AR Mo v
inteskassr ¢igigo n @A God iféereot tregfre sémditeanaen. A ray of light is
shown being reflected from the interface of the GaN semiconductor

foofatpria ALRAAAGEBIPRIRGHAhack LA IE AN REBIEAAM Wows iight
matferial 131 becalse the angle of incidence Is greater than th€ critica
reflagiine @b 306N S ateinieg acay astaiiing 11oBan cmboshiowsraffethrityresent
* ‘ 02 intart . . | incid
O ing 15 as ot ol el eeoEE o 50 0 bk cngre GaN
SenyeRNESIRigUranalalial a1§émi%e?h@ti@éﬁhgréﬁﬁ%ho%ﬁgmawlebﬁon titen GaN
sentiMaRIN8ANBIEHECe RLRLENGLoRR eJHB%j'B?thﬂfétgéi\?gsﬁoFgater than the
_invention. A portion of electrode 173 Is suspended over GaN substrate
critigahangde fs a thick dielectric SiO2 layer 172 formed therebetween.
Another portion of electrode 173 is formed directly upon GaN substrate

[001Z8] (001273 Reiagingoipwdo Fii%Wé* 128, i 2 Ghaft LRI fBRectivity at the
P-polarization reflectivity at the GaN/SiO2/Al interface of Figure 12A for

Galffipiranpisiings & feidnd dAvirsreifarmatraagles sfincidretageranding to an

emirsfirian of @rUsldeckiirvarratding to an embodiment of the present
invention. At a 1/16 A of SiO2 there is

[00126] Referring now to Figure 12A, is a semi-schematic diagram show light
reflection at a GaN/ SiO2/Al interface according to an embodiment of the present
invention. A portion of electrode 173 is suspended over GaN substrate 171 and
has a thick 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/SiOx/Al interface of Figure 12A for different angles of
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 Si0, the term “thick”
dielectric will refer to all dielectrics thicker or equal to 1/2 A.
1.



no total internal reflection effect and the reflectivity is marginally worse
than without the SiO2 layer. At a 1/4 A of SiO2 there is still no TIR effect
and the reflectivity is dramatically worse. At 1/2 A of SiO2 total internal
reflection does occur for large incident angles but a tremendous dip in

[oof?éfc“v'tﬁ%?éwﬁﬁ‘trﬂﬂﬁr?a"mﬁj $5c Akl éné?faér'{bﬁﬁﬁ% ggﬂss{f\?ﬂ, at the

rs fo angleso ence and no noticéable
GaN@iébu‘Mtyn&rfaeean beiginecat 22 foofdierenheateghes thitknatieeceisvherein

i 1] di ciyj i r .
i e s R S S B il 4 . T et i
accinténtate af Elgbedibanforidifie rissant leyerfiiocidence wherein

thicknesses of the SiO2 layer are greater than 1% the wavelength of

[001@9 ent ligfi 8 Yldead W@"@%ﬁ@rtﬂ?aﬁr%@ww&ﬂﬂﬂ%zckness for

g 29] Once the dielectric Iayer is greater than this minimum thickness
tota dﬂtﬁf%ilﬁt@?ﬁﬁ’ﬂ%ﬂe%oﬁxﬁ@t aHIRRKkiEsBM @6t s&ligRicasaihironventional

optiEQN¥RRERRE! lica! SRalinggdiased onThisTslieNRe g AURYS itude in the

greater latitude in the manufacturing process. This is illuStrated in Figure
manufectiiineh Breesthe reiectivit)lleairigchf for Bigex didlectidighwenows the

refiCUHIGIE UIRIEKNGTRES ﬂﬂ@t@éh%iéétf’m Adaptehiidnéssbae dp@bt 1.75 A,

internal reflection ang(e does not change. [00130] Referring now 'to Figure
and1Ba cdhssraf-dcer @a.ﬁga&mtﬁﬁﬁe\}ﬁ@wlﬁéﬂ@m deasdisfistege.
Bragg reflector (DBR) comprised of alternating layers of SiO2 182 and

[00130L 183 Raforieg thewhiekriplestrie/SiQ 2 basasanifib arapulinghidws light

an embodiment of theeéﬁesent invention. An electrode 184 makes

refiefiieniah 2ttt isdrreshiriasion sRRR) cemptisrdurt altamajissdasrs of

siolpreef ik BPRE . stacknTidishodipleckicdaisietkisiomed deiveendbaiccording
DBR stack and semiconductor material 181, [00131] The thick dielectric

to aneamRRasHRsRcflchenieseat iy AbRfles AMCREBGHPIEAOES Mapkes electrical

contatistargiatiycenbanes: thexteflartiaty Hetpw the dilisalAegionts iopossible DBR
to add a distributed Bragg reflector (DBR) to reflect the light at these
stack. Thick dieleciric Tayer 185 is fofrmed between the DBR stack and

semiconductor material 181.

[00131} The thick dielectric creates an effective reflector at high angles.
However, it does not substantially enhance the reflectivity below the critical angle.
It is possible 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
¥4 A SiO; and % A TiO over a thick layer of 1 %4 A SiO; 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 underiying thick SiO, layer.

[001 32] Table 2 below provides further information regarding the electrode
materials utilized according fo one or more embodiments of the present invention.

The reference wavelength for the coating thickness is 0.4500 microns. The phase

w22



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 /4 A SiO2 and '/ A TiO2 over a thick layer of 1 3/4 A
SiO2 enhances the reflectivity at lower angles. DBRs use optical

rference to,affect reflectivit as r ult their. thickness i more c
a0 A TS f o O R h1Ck SHGUTS 7S DOABFTapd B moident
medielvGanyvides WMEm@mmaﬂw ilggauim@ ib @ ¢led0orieromaterials
utilized according to one or more embodiments of the present invention.
[901% reference wavelength for the coating thickness is 0.4500 microns.
phase -22 and retardance values are in degrees. The coating has six
layers. The incident _media is.GaN. The wavelength of the light used is
Matgigho micrond sdeB3SMaterial 1 Thickness AID 1.000000 S102

0.250000_Ti(2 0.250000_Si02.0.250000 TiO2 0.250000 SiO2
Al1 0.750000 Tablé-@?@@%ﬂ Referting now to Figure 13B, is a chart showing
—FGHGG(—M%H%&——DBR—’G—)‘@!—S—QLEIQUVG 13A for different angles of
SEC)ihcldence accp d?ﬁ&?&%n embodlment of the present invention compared
o h °5La E‘ tric compared to a design with no thick
Eilelectrlc and nd DB 00135] Feferring now to Figure 14, is a chart
Obiluvvillg |cf|c verat-materials for different angles of incidence
éccording to an emgﬁg(f ent of the present invention as compared to
Tiopror art A AU geEd pET Wit Cr under layer has the worst reflectance
as indicated by the lowest curve |1951. Al is substantially

SiO; 0.750000

Table 2

[00134] Referring now to Figure 13B, is a chart showing reflectivity at the
DBR layers of Figure 13A for different angles of incidence according 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.

[00135] Referring now to Figure 14, is a chart showing reflectivity of several
materials for different angies of incidence according io 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 1853 in some places.

An Ag metal layer with 2 pairs of DBR followed by with a thick Si0O; has the best
refiectance, as indicated by curve 1955.
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better as indicated by curve 1952. Ag is even better as indicated by curve
1953. An Ag metal layer with a thick SiO2 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

o0 OB S T E e v

exegiinam sMowdimerst ekemsiaspendssdisientrotis sasperiied diectiwiepresent
inv '&‘i‘?"@éBtFB%&WQﬁs‘%@%@'%B%e%g@g%ﬂﬁ%@gﬁlgeﬁﬁb&‘f@hﬂhat a

GaN substrate 141 such that air gap 14 orme
thickh eiegetvdéna Btetarows lihpscbaiwssorteBlesibote $4Rs hewuioited 3] both
sidé%etfﬁé%.”ow to Figure 15B, a semi-schematic diagram shows a second
exemplary embodiment of a suspended electrode according to the present
invention. Electrode 142b is suspended above the GaN substrate 141

[0043¢h that RSRIFNGy Bpwirtgapiovssr 2Re forsiBitheheRalie cfiagrasritows a
secbhdedRcthpReyiethiuhalnsises snghiedhednitdiesaeraetddigdh the present

Referring now to F}igure 15C, a semi-schematic diagram shows a third
[

inveniieRpldripeiiastisaiifnehtisruspepdndabara thriSabtsknpljateiiéd hrasdnthat a
plutB¥ENEpRiEdaplofesbigeisHMReNHEksbRYVEdne Brlrbistiaigsltlsupported

such that a thick air gap 143c is formed therebetween. Electrode 142c is
on bafhsides ane iBriheeidie theresf. [00139] Referring now to Figure 15D,
a semi-schematic diagram shows a fourth exemplary embodiment of a

[oossseendegaat@egr@giawh qwin@té}éh%m,efe@e(:jmb@ﬁmﬁ?(méﬂgﬁsagmﬁ?ﬁmws a
. is suspended above the GaN substrate and a thick SiO2 layer

thirg %ﬁ%ﬁé@%ﬂ@%ﬁﬁ@%@?ﬂé@%ﬁ@@z@?ﬁsﬁ 5iedg sreotfingalos the present
invégieol HRRI4AbRefey iROsIYERIEE WsoveEhe ToaN-seitiRatic tUagsdEh that a

hows a fifth _.exemplary embodiment of a suspended electrode accordin
thicié {:Hvé %z?g!siﬁ?){:x% orm%ag therebetween. Es:&]e trode 142¢ is supported gnly on

one side thereof.

[00139] Referring now to Figure 15D, a semi-schematic diagram shows a
fourth exemplary embodiment of a suspended electrode according to the present
invention. Electrode 142d is suspended above the GaN substrate 141 and a thick
SiO; iayer 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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invention. Electrode 142e is suspended above the GaN substrate 141 and
a plurality of sections of a thick SiO2layer 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

thiciSKIB SEREP AN e BadEanhal e siRreRde &lacladrasqording, e only on

present ‘invention. Electrode 142f is suspended above the GaN substrate
one sittedlieraplat a -24 thick SiO2 layer 143f is formed therebetween.
Electrode 142f is supported only on one side thereof. [00142] Referring

[00 122y to FigrAfify Acvemd-Srla@abndingeam sRAMS At Sha@¥8MRIABS a first
embodiment of a suspended electrode with an ohmic contact layer

eXerg PR RPIE B EhtanTEREBRIFHeLREERAE drithe HleOhHHiE SORIGGHelaYET

accoremipisihiasiestiatialErtge. 150 axaaRlifer dheraddiiensfdnsiyiline 16A is
. .oxide (ITO) layer 144.[00143] Referring now to Figure 16B, a .
simitggiip-§ ﬁ%ﬁfa%'&aisg}é , SHGRBICE BB RASHRRIPAP Bt (H O) layer
144 suspended electrode with an ohmic contact layer according to the present
invention. The structure of the electrode of Figure 16B is similar to that of

Figure 16R, except for the addition of jndium tin oxide (ITQ) lgyer 144. ,
100 ARSI Mg LS8 R schE B IR i G AACA G Shows a
secdhiideseamdary @mﬂﬁm@id 'uﬂil@mtth of & mmdmﬂelﬂeﬁﬁdeelmﬁiﬁlmﬁfmﬂmc contact

contact layer according to,the present inventjon. The structure of t ,
o ARG 1 R Dt SRA G s PIGEo! D e AR, of Figure
16Badditwieotinthiatrofifrigide (60 playsst fot4h®btidH]ldrReté irdiunountexide (ITO)

Figure 16D, a semi-schematic diagram shows a fourth exemplary
layeérﬁ% ‘diment of a suspended electrode with an ohmic contact layer

according to the present invention. The structure of the electrode of Figure
[00141) is sinilefetwitatnofMFitureigcm, $6Cep foetheadditivatiof didgrantirshows a

thiruoél%%p!ary embodiment of a suspended electrode with an ohmic contact layer
according to the present invention. The structure of the electrode of 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 sfructure 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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(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,

pt fon ifi f indi ' e (IT. ) -=25.10 ]
[Onge?fgrring ﬁg\%‘%gﬁﬁ 1 BF,%&QE%ﬁ)éﬁﬁeénngfy cﬂégba?}hﬁ éﬁ%vvﬁsl ac?réﬁhshows a
sixtaexemRis e abbadianbba s ssserided Bttt svithtarapivhivicaraatact layer

roli i t] Structur I e of .
Ao o e e AR ST o s
similaditerthat exifigureo)4by excent. flootheshdéfaming irmlium Figudde (ITO) layer
4417A-17D, an exemplary, contemporary, lateral LED structure and the
process for forming it are shown. [00149] [With particular reference to
igure 17A, a pair of wire bond pads 1091 and 1092 facilitate the

F
[001d8licatioRefetiing nbayva le chigdRrgudEh-10d3. Ferarontmiesr ToOgGRmporary,

latef@MEes WRoRAeHRSH 3 Hr8tesemicenthicdth 2083 rermprises an p-layer
1097 and a n-layer 1098 (n-layer 1098 and p-layer 1097 are generally

interchan le for.the purposes of this discussjon) The current causes
[ooféﬁ/e regﬁ%@@ﬁr&%%d@@W%ﬁ%&@oﬁdﬂﬁ%w&l R HintipRedond pads
109900450] Wih Hadikaier reierappadationuse ElBrdhe fabricalioniehtordEP 1093.

of Figure 9A prises forming a semiconductor layer 1093 upon a
Serg U T d B0 S SRR PEY & [BRE Gt Geban SRYEONSHstor 1093
congmibaanyerale?? (By shavenrindyerrenddAh1808p 100t RAYSHIRE: 1097 are

ference to F 7C, ti f p-layer 1097 is removed, such as by
Or A R SOHERE G DB RSP E A S 85) e EAposb cpuses

actipertisyiosf noeyes HeSSUbSIRIRRRAGrRRMOR PihGROBIRRfI8s layer

1097 defines a cutout portion 1099. The formation of cut out 1099 leaves
[00?'50] With particular reference to Figure 17B, the fabrication of the LED of
Figure 9A comprises forming a semiconductor fayer 1093 upon a substrate 1096.
Semiconductor layer 1093 comprises an n-layer 1098 and a p-layer 1097 (as
shown in Figure 17A).

[060151] With particular reference to Figure 17C, a portion of p-layer 1097 is
removed, such as by eiching. A sufficient amount of p-layer 1097 is removed so
as to expose a portion of n-layer 1088 therebeneath. Removal of the portion of p-
layer 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 pm x 100 um. They thus absorb an undesirably
large 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
-2B-



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.

und%%?%é??rgiﬁ)fgg rﬁh%é%eg\urgcgondg%gsﬁ& y bf]‘fe{FBs r?uryther e é%%es the

ey thus absorb an undeswa arge amoun
amdighit pfdtgkéenrbgimnbéapegunh 1m4tempmemh£lhsm p%nra:te/dbeles’ge @it each

f Wik s 10

oo e AU RS o B R AOHISHRRY o v

a slgmtﬁkglanpmmzoeoblbmwmaihmmfmmgreaz[ftsirﬁmntmrtghmsmman@aicﬁas. :
electrode is fixed regardless of device size, the undesirable light

[00 rption; CRN RB R wigligRnk : 6%9%%’@“ RS OYRLA BTG AEHh of such an

particularly for smaller LEDs. 153] It is worthwhile to appreciate
elecggenstionhisothat g@@?ﬁamlmé@ttb@eaﬁmmamamtqgtﬁmaw withifout offers

subé‘fé‘#\tﬁ’ér%l)’aﬂﬁﬂgeé\;&cﬁt% (gfg&ro?}éb%aﬂg?l AALARge. ByeR iy le, the

electrode Is not reflective. For example, the electrode structure described

eleghodm sddnrRideswibes mmmasqﬁ@@wﬁmﬁmgead@mé@ao@mg provides
adeBERSMURIMDIHZING ANe SirsiA ztmg QHéogké%PtHéa&gaa@ﬁWﬁtﬁé??e& active

removed and more light can be produced. [00154] Reterring now to
aregiguRsgoneal 28 rapredEmpray tmerrmcu@dstructure and the process for
forming it according to an embodiment of the present invention are

[ooBhavN. A thiskeisleciimlayer EilkendiB102 seforpeddhenesdyWitteral LED
bond pads 1091a and 1092a, respectively. Thick dielectric layers 1101
strugfife b BERIRSEH3d 6 RIENIAG bR BRI R aDo 4 iRtRNY 6bthe present

inveRiRtht2ae dRdenirable dight dpseitienserehyds sslstaniallkdesraageseneath

A portion of each wire bond é)ad 1091a and 1092a remains in contact with

wires 8O REGEJOEI§320 4998 Falmthe RNt ABIF diderbisylaversLtap1 and
1102s¢iseshderaiis: admskidiglesticiayerdng lpashavsogsfigientoza such that

undesirable light absorption thereby is substantially decreased. A portion of each
wire bond pad 1091a and 1092a remains in contact with semiconductor 1093 so

as to facilitate current flow therethrough.

[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 greater than % A. For
example, a thick dielectric layer can have a thickness equal or great then 2 A

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

b

[00156] With particular reference to Figures 18B and 18C, semiconductor
1093 is formed upon substrate 1096 and cutout 1099 is formed in semiconductor
1063 as in Figures 178 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 principies.
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thickness such that effects of interference are not substantial. Moreover,
as used herein a thick dielectric layer can have a thickness of greater
than '/4 A. For example, a thick dielectric layer can have a thickness
equal or great then '/2 A, approximately 1.5 A, approximately 1.75 A, or

ter t .75 A. [Q0156] With particular refe e to Figures 18 .
Lt St e P el o T
formedosmed itbsenieastdpatialiy0Q3/as thitkgdiele B gkl 7IG O[D@HET wire bond

With particular reference to Figure 18D, thick dielectric Jayers 1101 a
pad {128 TGN SPs o oP TR s 100 PRt dpyefdp2. As
menfietectriataners 41@badiach 106021des hefalnpatacddeliey endel @@2avncontacts

' princﬁi}ple%. i%%o 158$With articular reference to Figure 18E, wire bond
se%%%\ ge'ts is anS&e 5354 at least partially cover thick dielectric layer

1101 and wire bond pad 1092a is formed so as to at least partially cover

[0016Rk dielddeferayernom2o Agureritihve®abave @ ppiaon Btevme WoRdstructure
andﬂﬁ)gfgéc?%é}q&df&%@g E%%?di%;rf%cgﬂ%@%dﬁ ! rﬁ'%eBFe?éBnt invention

eferring now igure 1 9E an exemplary lateral LED
are strowtire and the process for forming it according to an embodiment of
the present invention are shown. [00160] With particular reference to

[oofdgyres 194 Ruskdirlesdic e 1d ¢lgara YiRa igfemegibameatiyer 1101

wiré bond pads 1091a and 1092b, respectively. Thick dielectric layers

and1168%n 1 fromednhanga ihevenRaory RS bR 3adsd d9 88 angespectively.
ThidOMARYAR 1Bk desiFaRigdio @RS URHAR BOMISDYFISLRARUANY bond pads

decreased. A portion of each wire bond pad 1091a and 1092b remains in

1094aned  WileServeBntRcindesi e dightRhratetianréirieiy. etdgtantially
declibRarticularisterpRestoiguERRd $2aND IS oFRMIBOPEUERIaHISR iSontact

formed upon substrate 1096 and cutout 1099a is formed in semiconductor

with erDise I EGRIF 99T BRAS toreciliir serrantiisembodiment cutout
1099a is

[00161] With particular reference to Figures 19B and 19C, semiconductor
1083 is formed upon substrate 1096 and cutout 1099a is formed in semiconductor
1083 as in Figures 17B and 17C. However, in this embodiment 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.

100162] 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 1082b
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., aclive layer 1094.

Thick dielectric layer 1102a stair steps downwardly from n-layer 1097 to n-layer

2 8-



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,

1098 tMEK diglegicrlayet LEak IS B?Q?%Eﬁaeﬂagﬁt‘% PosySE 1L ébé%ﬁ’lthﬁghe cross

thick dielectriC layer 1102a is formed partially on the p-layer 1097 an
secientRiifiorrend9Alayer 1098. Thick dielectric layers 1101 and 1102a can
again be formed according to well known principles. In this instance thick

[oofgiectric kaygy bHPRauRforaned dewnwartiviralonsrthe, side,oha- fy@y 091a is
pa

1097 and active layer 1094 so as to electrically insulate wire bon

formeshse atclerdneatipastiaficicanaedirielJislecito da¥ebridéd @swh wisth bond
padPtiayes 1994 raed adaagrtéocﬂ&e@&wﬁémangw%&@r%@&t%@&ﬁ%ﬁ%?e%61-n 02a.

active layer 1094. Thick dielectric layer 1102a stair steps downwardly

As mERTIRNSJRDE? & PRIARE g Banthad iy RRRMasthRIAYRISRSE and
a pEeh1303as BErHSESA NUPELRRasectiRmOEFiguoe 190, IARLAINMER wire

particular reference to Figure 19E, wire bond pad 1091ais formed so as

bongh kR APsRrRIPRCErdARIRRI¢ B SajRied 10y AR GRverBAad it dielectric
layek092iis forred samsily aldraritay talhneavetirck disleciicigi®ltion of wire

1102a. As mentioned above, a portion of wire bond pad 1091a contacts

bong_pgrér 088k %Beg&&?iéfﬂdlfiW@ B pad 1092b contacts n-layer 1098.
In this instance, wire bond pad 1092b is formed downwardly, insulated by

[00 464l covering tinigk diei@eltiendmiter tiidia dietbeteietricaliyreomactingand 1102a
n-layer 1098, The configuration of wire. band pad 1092 is best seen. in
SUBIGHHEIRER BBt AU LM eHE SR AR (OB & h S0 as 10
enhbh@dahsubstantially witigate Hight Tbsorpdiaodey ke dfandRadsobdALerovides a
and 1092b so 0 enhance the brightness of the LED. The reduc ize
v GHTOlR R0 YRR 8 L RUESTES KRGOt F B ED
enhance the brightness of the LED. [00165] According to the present
[00fBAntion, Adbivkiidig|eztiiecarebenfomvedtion, a thick dielectric can be formed
between at least a portion of each bond pad and/or electrode and the
semiconductor material.  The thick dielectric material enhances reflectivity such

that undesirable light absorption by the bond pad and/or electrode is substantially
mitigated.

[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 182 is formed upon a
semiconductor 161. A thick dielectric 163 is formed between metal electrode 162
and semiconductor 161. A portion of eiectrode 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
-20-



between at least a portion of each bond pad and/or electrode and the
semiconductor material. The thick dielectric material enhances reflectivity
such that undesirable light absorption by the bond pad and/or electrode is
substantially mitigated. [00166] Referring now to Figure 20A, a

 Figut8IHENSIRAIE RRABNBRIV SR F0HES ORe RN L iR FHsPRBARShs of

electrode structure according to an embodiment of the present invention.

elecmﬁ@tame@w@@tlwﬁéq@mﬁmpisn@ﬁ@mmoﬂm1Im&'metvze 20A. As
shofi¢IpCHIgYEDisHoMmad ietwsaa e slesrase 162 _té%ﬁﬁ&&ﬁanéfg?t% are

161. A portion of electrode 162 is formed over thick dielectric 163 and a

provigegon éfeldnipsdekibetconttites FdndbsidRriadl S@PtaceRigv@dions of
electfals Ingectyral conact WikisamicongyctogiR1- &q)gét@gaig{e;%@ngd?ﬂ‘i’acﬁng

to Figure 20B, a semi-schematic perspective view shows another
semiepfiguesRiohtdr B siasisatsodiffenestodeastn taossddfiing to an-

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

[o01BByOf -22ihigee 20A exsephihnt dhisingisiScitiedfads bplRLHRSYERt utilize
that portions of electrode 162 contact semiconductor is different places

thickndiFiRotigara REdiRg khowm pF iR SBRORIIMRS Qnthgeigsent invention.
For@ﬁﬁﬁﬁﬂé Kittosamieoniis o bl s arstiniovidradiis dapseesiilased theter the
ap

art wi preciate, various configurations of electrode 162 and thick

bong,BafR 16PMRNAKRIEEES 6 A CERGSELRIAnNRitsIei gy mitigation of
cur;ﬁﬁ%ﬂﬁﬁﬁ?%nirmgc%iﬁfﬁiﬁgséiWQW]@QI&&S HhARhFRRMton of light
e at utii

exemplary electrode structures th ze thick dielectrics according to

absgHEIBR rGRAERT BifintHRR Y@ YTES HTAGE Hitsh o RBireda fple ferte g mirror,
mor@ QSFiRI LRBINFUAENSHIkRsH 163N hafemachitn’el Bie rBenehPads: cutout

Some advanta_?es of such construction include: the mitigation of current
aregrGVAIRE fRAkSheaRE Lshiglifet 3daigR: tRRIRiINhHaRIERS) Ipparatively
low 3BARERH VD Re§aUsRdNasHe lesicdayanss pragtitie electrode can form a

mirror; more efficient use of the emission area that is achieved by
[ﬂog%gil]lcmg tkf%g lggg}nplary embodiments of Figures 21A—24 are implementations

of an elongated chip. Such elongated chips can provide enhanced brightness with
better efficiency.

[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 o the LED are

substantially mitigated.
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area; a more easily scalable design for a large range of die sizes;
comparatively low forward voltage; and more even current spreading.
[00169] The exemplary embodiments of Figures 21A-24 are
implementations of an elongated chip. Such elongated chips can provide

foofpppNced Sightnans Withs BeHRYr QHEé?QC}STEOOHGZP] %?&?éﬁ{‘%ﬂ%%?&mducﬁve

Figure 21A, an electrode design for an elongated chip is's own. '
exiefsieasic 18{drs a0t 2 Hib10batcaefiegformettingderehch-ufirthg bemspectively.

Ext@RSSAO068e Brpn O%d’tmse%@e)eegﬂ Iio%s%}]ﬁi%b%@%gﬁﬁ ;ﬁfﬁ{r}oughout

example). N-bond pad 1007 and n-electrode extensi 01 are
semjponditietchiRfawdpaioitiothef distaicondieive arativaki@tsodesutbat provide

~ pads 1006 and 1007 from semiconductor mater S 10 mitigat
InveRfitsht crowding. This results in an improved geometry for more even
current flow. Hot spots that cause uneven brightness and can result in

[00¢RB)age taithe LFEHAlRhRIDEIadlkTatigaigs -?zﬁa{PQMe?rh%P%ﬁéi&{gon (TIR)

dielectric layers are not formed under conductive extensions 1001 an

Proyiges thas dRstastirhvatpaes-Wnrrpangiesilelt extiaatiphdarnonems more
emBOSibwEs Brore-qyrRyAiIgUBHIR SUTeRE oy @D@ﬁe@}ﬁeﬂﬂﬁ%ﬁﬁqgﬁal and

That is, the distance between the electrodes that provide current to the

can b Yskds SR ARt Rlaeasiram Gobastiaspt & dhee presshinvention, to

furthrestion (aaRldLiswsEhwhile to appreciate. that total internal
reflection (TIR) provides a substantial advantage in enhancing light

(88 T R B Tl TR et Ao
substabtidimenttiofdiae pigaenbislvestisoirofiuaheapBnhae bR &BERAIAD0S and
10070 S e e e o e B e 0B e % 63%) can be
formed beneath bond pads 1006 and 1007 and not beneath extensions 1001 and
1005, so that current flow through semiconductor (and consequently the active

region thereof) is more evenly distributed.

[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 middie 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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substantially mitigate undesirable absorption of light under bond pads
1006 and 1007. Such insulators (as well as insulating layers 1002 ands
1003) can be formed beneath bond pads 1006 and 1007 and not beneath
extensions 1001 and 1005, so that current flow through semiconductor

pad(%%cmsmeyg y theAGHvenLegian H?Etr@aum%er@&%%d&}&mm the size
of t% 0175] Bond pads 1006 and 1007, as shown in Figures 21A and 21B, are

BractiRARIyATaRSEAd of hRe AMBEamisHPR aERRI R tater 41y using a
smaP%uibhis 1802 shavhmidangeags H8RR ARM:BAP7 can be placed at

any arbitrary location along the trace. Thus, bond pads 1006 and 1007
n be placed at the end, near the end, and/or in the middle of extensions

[00 and Tb88MENGRRISAIIPNS A8 FIHBOAA PeivermEns B RISy alasdodes
- map$edtd80dréelt %ﬁ%rmmw@t@fmwaéﬁra@mm@w%m@vem%wﬂm such

. respect to the conflguratlon of Figure 21A is shown. The area of cutout

casg§olR HeGLEEIIEHHIE RIS ANAYHEE RSHRiaHR-p-Eisfsies 2r@-23C show
variseRaEXeh N tiRpReAEREEINS 1B thiek dirleaibite ThadinaliRASEEn mitigate

Bortlon of the n- bond ad is not in cutout 1104 and cutout 1104 can thus
suchIpfRsIraniilePigh W"IQ@WQ BO8SThis thick dielectric must also cover

the edges of the cutout to ensure isolation of the n- bond -31 pad from the
[0Op7B3yer. TR&fﬁriﬂ@m&t@Fﬁ@@mﬁ@Msmww st plath & sipevaT split into
ission area faci |tated b

active area T Iar e Si .
o e O R R DDA GRS K i or pEIel kb TOOR P e ouching
(ansdmesappdicaticcs, mmwstamd:ie bammmmmmdm@%ﬂm‘aatm@m@ single
oo-great, thu sultln in a unde rab hf rwar
caols_gs & use St %?S“éﬁgec%r&e Orﬂ 8e e?%gl (31 l%i% g‘é&%fﬂi{ 1218.
Howsboar Warigas exembkamyempi@a]n!ema%aﬁcbﬂmeesem&n%dﬁgﬂgﬁhéh@ singie
itigate such nde bJ|It hfor 7 errin
porf BAR S hestsaA B SRR al R LR R 1R Rl 218 Woether

In thieu:trmaibnmmddmmism%’iﬁamf 10t8.die phiodigdecdheyecasche
touching

[00179] With particular reference to Figure 22A, two n-bond pads 1217 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 iayer 1202 can
be formed between bond pads 1217 and 1218 and the semiconductor material
1201 of cutout 1281. As mentioned above, such constructio.n results in more even

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

[060180] With particular reference fo 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 1218 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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(and thus in electrical contact with one another) and thus effectively form a
single pad. There can be two separate wire bonds, one to each of pads
1217 and 1218. However if a gap 1220 between pad 1217 and 1218 is
small enough, then a single bond pad can be used to electrically connect

roo R P05 LAALARS G9RREL 10 s renast amgested ImbEh 1203

ch el es canh be use partic re er nce
ext@igarbmimmmmqummeleamﬂ: 12@8 aud}*ateat@echstmmpablziso of p-

121 u thick d 1 04 3 can be
wm%ﬁ gX% S?%eegr?%gggﬁgn@ par:)%ﬁgl%c € seengl:{:crzton(éggg A elﬂaltwo thick
dielezﬂﬁt dlamse‘cﬂﬂvﬂemfmefh@éﬂwcSmblarﬁgrra&U@beﬁ@ectmatﬁy@nhﬁQﬂacamz‘19 and
the bg m?en%ig g?é 7 and Qgetlagaﬁﬁmlcg{]d%c ?}4 a thick
Atera 10

of cu |oned a ove, such construc
dlelmﬁuttslayendrmé\/ean dwr@hu@irﬁsemmeeﬁ' lisns! peartisutdy tareifdrdd8gend the

Se@gg{‘ u@%b?na rlrg II (!8%5]%01]2\% th particular reference to Figure

e area o cutou |s reduced with respect to that shown in
Figure 22A in a manner analogous to that of Figure 21B. Again, two thick

[ﬂﬂﬂjﬂhtnc I¥yidhspEriauisidreEgg nes tse figHied2BAnd8en Exiptararpaad the n-
layerlar AR e SemipRRAHWRRIE dispose &s@!eﬁ‘?t%ﬁ%%%)ectlve bond

Similarly, a thick dielectric layer 1202 can be formed between
padﬁz108@;&@@“2;Letahéptlse@erfheéﬁhe&enaﬁmeﬂamcﬁoﬁwm@%?@ﬁ igosuitable

witd QAR VHthprlgrlar sa{grenceda rigste g%g’tﬂu&'rhngcﬁiﬁ%géoﬁ"é%%ac 1503

extends beneath n-bond pad thick dielectric 1202 such that'a
arefopuef pnvavsyekidsrndaxtentd radie Heyhl smwidl tlerndribickge-bond pad

diete8RIB: 188 {higk dislectic layess ladband é@@ﬂ&ﬁﬁc’?@ "HEd HSUERD of the

each bond pad 1219 and the semiconductor material 1280 disposed

consiEvstienesRWSinm a1k e shda -didlestrid Marertigodiectiddefoateeversed with

resB@B‘é’?cﬂhBQQ%I%\Qﬁ 127 and 5218 a5 the semiconductor material 1201
of cutout 1281. [00182] \/glth particular reference to Figure 23A-23C, the

p-layer and the p- Iayer are reversed in pasition (with a consequent
[00A&3) <4 mWig‘ré?ﬁEEH g6fgrence to Figure 24, a two electrode LED that

facilitates more uniform current distribution is shown.  An n-bond pad 2403 and a
p-bond pad 2404 are formed upon a semiconductor material 2401. n-bond pad
2403 -has a thick dielectric layer 2406 form between itself and semiconductor
material 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 (io 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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pads, insulators, etc) to show that the construction of Figures 22A-22C is
suitable with either type of device. Thus, n-bond 1507 and thick n-bond
pad dielectric 1503 are formed on cutout 1504 and p-bond pads 1511 and
1512 and thick p-bond pad dielectric 1501 are not formed on cutout 1504

joo{9hjch is the,gRAOSHE olthe LANSH; _E;‘Bi'éré*&?ﬁ\‘!‘ ;E}(]E}QEE‘?% Zt%ﬁézéﬁlend down

Thus, the electrodes are reversed with respect to those shown in Figures

the zade mfc oot £40Rifropathcuraawsrin teapFiRyee daseminordeciodmaterial
Tt it ; b Ution -
Y S T e

- mingyizeritiesme ehewepwad40203 HathugHierdiiclecenbanes thbfightness and

offi &?SE‘E{??J? fﬁéeﬁ@ﬂd ﬁm%%g%rbwgterial 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

[00%866nd pabrviitgiirrdiensjer s Qémdsndscitrrappad F4@dseras to more
unifbreapcRadiRA83carehe Hawngd entsideiok %@Hh%pge(ﬁ%Kng%oggm. A

the p-layer of semiconductor material 2401) and a portion of n-bond p

porgoRERrBRYLAM andinbrbirdansion gARideebridarasistitaaiy upon
seriR@AdaYRN nSiiRll v Poriebal Hiskcliglerdieiaysy4h8 erbifen).

formed outside of cutout 2402 (and thus upon the p-layer of
icond r material 2401) an ortion of thick dielectric layer 2406 ,
10T forSRRURT Mot o (058) PBER Hino e aniaeT
sho&aleetrﬂet&)@r&%twsmtem@mweit’eecﬁdtlabé @ﬁpu&@d@ﬁﬁ&?@émﬁwe thick
. n-layer to,the p-layer of semiconductor materia] 2401, in a fashion similar
die B AR B B0 KT PR B AL RB AT Slectrode
in dioutedeamitiits iendctnhenbicedhsiblighneshait iicengs @n ohmic
ng%e ED, as disc%sged aboye. 500186] p-wiring or extension 2407 extends
o ‘fjh ﬁyﬁé&’ Zre) aB"f’éaﬁiBPe eWﬁfformly distribute current through the

active region of semiconductor 2401. A
[00188] According to one or more embodiments of the present invention, the

thick dielectric can be non-perforated. That is, the dielectric can be continuous in
cross-section. It can be formed such that it does not have any holes or
perforations that would cause the thick dielectric to appear to 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.

[00150] 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 tfo
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portion of p-pad 2404 and all of extension 2407 can be formed directly
upon semiconductor material 2401 (without a thick dielectric layer
therebetween). [00187] Although in Figures 15-24 only a single thick
dielectric layer is shown, a series of one or more DBR pairs can be

dbe veen the thick d| lectric and the electrod ilarl
mdgﬁﬁgﬁgh |gures PES s(ho% }éé‘? &?&Qe% n?igt] ﬁ/ctll% required in
ordsetniponddeter desiszialnthent ofitagdtican be via an ohmlc contact layer or

current spreading layer. [00188] According to one or more embodiments

[00%5'?1 pres@%ﬂ%ﬁﬁgb f the gk dielgatig Cﬂfﬂz&a@% Caﬁrfo rpted, e-gh?m it, the

is, the dielectric can be continuous in "Cross-sectio f%rm

mV@J&ﬂthﬁtSﬁ@@é& SO endsrsioled ‘tﬁtafp@mmmnmmm ifi@ildrsaasd thaeiations
afethﬂ%%glﬁlsd H: tg&&ﬁﬁ%&b%\’ﬂ‘?cqﬂgn%%%@ led OBF s%%lon Os%%?glmvent:on.
he dielectric material can be porous. Thus, thic diclec Srenials

Acapfioroiathetreppisohbibeoo drnriisn (endefinechanly tovtioh oilewingeledhs.

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 -34

reduce the cost of use (such as by reducing the amount of electricity

required in order to provide a desire amount of light. [00191]

Embodiments described above illustrate, but do not limit, the invention. It

should also be understood that numerous modifications and variations

are possible in accordance with the principles of the present invention.

Accordingly, the scope of the invention is defined only by the following

claims.
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-35 CLAIMS: 1. A reflective electrode structure comprising: an electrode;
a semiconductor material configured to emit light about a central
wavelength A; a dielectric material formed upon the semiconductor
material; at least one DBR pair formed upon the dielectric material; and
wherein a portion of the electrode is formed over both the dielectric
material and the DBR pair(s) and another portion of the electrode is in

nic contact with the semiconductor material. 2. The reflective electrode

CLA@%}! L : . )
ture as recited in claim 1, wherein the electrode comprises a metal

electrode. 3. The reflective electrode structure as recited in claim 1 or 2,
wherein the semiconductor material comprises GaN. 4. The reflective
elbctrodA sefigntive slemmgrisShugiy oe@BRHE¥eceding claims, wherein
the dielectric material comprises at least one material selected from the
guplestiefifting of: silicon dioxide; silicon monoxide; MgF2; and
siloxane polymers. 5. The reflective electrode structure as recited in ang/ _
oReSBMisepREE mpleRareonfsEramh heraibiisdit it hauterch LbripREEnath Al
silicon dioxide. -36 6. The reflective electrode structure as recited in any

oRe IR iGraalgiiR) Termed URRR AR SR RRRMACHARRYPhas a

L%Q%igezaﬁgﬁgi%g%l@gg&n?{hé : ;Q%%tééfg r%.gtcetF% ;ea!%téucture

wherein a portion of the electrode is formed over both the dielectric material and

the DBR pair(s) and another portion of the electrode is in ohmic contact with the
semiconductor material.

2. The refiective electrode structure as recited in claim 1, wherein the
electrode comprises a metal electrode.

3. The reflective electrode structure as recited in claim 1 or 2, wherein the
semiconductor material comprises GaN.

4, The refiective electrode structure as recited in any one of the preceding
claims, wherein the dielectric material comprises at least one material selected from
the group consisting of:

silicon dioxide;
silicon monoxide;
MgF,; and
siloxane polymers.
5. The reflective electrode strucfure as recited in any one of the preceding

claims, wherein the dielectric material comprises silicon dioxide.
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a GaN semiconductor material configured to emit light about a central
wavelength A; silicon dioxide dielectric material formed upon the GaN
material, the dielectric material having a thickness of approximately 1.75
A; at least one DBR pair formed upon the silicon dioxide material; and
wherein a portion of the electrode is formed over both the dielectric
material and the DBR pair(s) and another portion of the electrode is in

ohmic cantact with.the semicpnductor material..8. The reflective .elect .
o fctunc BE TolREtME SR SHOETH 1R o PE Y AR S € IR Ceating
. _optically trapnsmissive.and has_a different | ferefracti ith ct
claimg A e S e B R D B At LR

7 or 8, W,Q?é‘ﬁ@cﬁ%%t é%ﬁ%%?%ﬂ%% ‘%f#é’%% a thickness that is a

multiple of approximate ctiveelectrode structure as

regipﬁggp an tP&?eOf claims 7 to 9, wherein the dielectric and the
electrode make physical contact to the semiconductor via an ITO layer.

11 ARRthod iRt malingr amalerEPdsaliyGHEe, {hednathagdfompsising: central

providing a semiconductor material that is configured to emit light about a
Wavé}@ﬁ&ﬁl)(yavelength A; -37 forming a dielectric material formed upon the
semiconductor material, forming at least one DBR pair formed upon the

diglpsiricdntatakidprpiiRgraRenbofopiaa elpetiofie avenbedtdhel, the dielectric
dielectric material and the DBR pair(s); and forming another portion of the

maicPifchRgeg A ahieNaaanMcipyitkiiaitegmiganductor material. 12. The
method as recited in claim 11, wherein the electrode comprises a metal
electenth® .one DBR pair formed upon the silicon dioxide material; and

wherein a portion of the electrode is formed over both the dielectric material and
the DBR pair(s) and another portion of the electrode is in ohmic contact with the
semiconductor material.

8. The reflective electrode structure as recited in claim 7, wherein each
layer of the DBR pair(s) is optically transmissive and has a different index of refraction
with respect to each other layer.

9. The reflective electrode structure as recited in claim 7 or 8, wherein each
layer of the DBR pair(s) has a thickness that is a multipie of approximately % A.

10.  The reflective electrode structure as recited in any one of claims 7 to 9,
wherein the dielectric and the electrode make physical contact to the semiconductor
via an |TO layer.

11. A method for making an electrode structure, the method comprising:

providing a semiconductor material that is configured to emit light about a

central wavelength A,
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13. The method as recited in claim 11 or 12, wherein the semiconductor
material comprises GaN. 14. The method as recited in any one of claims
11 to 13, wherein the dielectric material comprises silicon dioxide. 15.
The method as recited in any one of claims 11 to 14, wherein the
dielectric material comprises at least one material selected from the group
consisting of: silicon dioxide; silicon monoxide; MgF2; and siloxane
palymers. i{?i.aThe method. as recited in any one of claims 11 to g.

¢ , O .
W PRIRGAT B B R G A G L IR R S S PSR SIRL ISR 9
w € At | . |
S O R AR e >
P g
tion of the elect in ohmi ith mi i
PO A Fe oL e e iar bl Ao BTIea Biale T e DBR

atr(siz é)&)ctiically transmissive and has a different index of refraction with
pairy spect to each other layer. 19. The method as recited in claim 17 or 18,

w in ea 0 BR: pair.h ickness thak.i i :
M L e e S

semiégﬂaﬂ%?é?%é@zﬁie'eﬂ”c and the electrode make physical contact to the
semiconductor via an ITO layer. 21. A device comprising:

12.  The method as recited in claim 11, wherein the electrode comprises a
metal electrode.

13.  The method as recited in claim 11 or 12, wherein the semiconductor
material comprises GaN.

14.  The method as recited in any one of claims 11 to 13, wherein the
dielectric material comprises silicon dioxide.

15. The method as recited in any one of claims 11 to 14, wherein the
dielectric material comprises at least one material selected from the group consisting
of:

silicon dioxide;

silicon monoxide;

MgF2; and

siloxane polymers.

16, The method as recited in any one of claims 11 to 15, wherein the
dielectric material has a thickness of approximately 1.75 A

17. A method comprising:
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means for emitting light; means for providing current flow to the means for
emitting light; means for providing-electrical insulation formed upon the
means for emitting light; at least one DBR pair formed upon the means
for providing electrical insulation; and wherein a portion of the means for
providing current flow is formed over both the means for providing
electrical insulation and the DBR pair(s) and another portion of the means
for providing current flow i | in ohmic cog%atﬁébéh he means for emittin

ngﬁwmﬁ@a 2P AR RE SRR VG R BB RS Teast one

comprlsmg a semiconductor material having an n-portion and a
ﬁ’&q a metal n-electrode in electrical communication with the

ortion i\ metal ectr in_electrical. communi with th
E‘“Pﬂé}%i an 3%%30% rans?r;{iﬁsswi %&q(g%tlr?cdrﬁgqtécng (%grér}e J{% em;conductor
one of the n- electrode and the p-electrode so as to enhance reflectlon of

matel ant the dielectric material having a thickness of approximately 1.75 A;

n’fj?WheFﬁ%B F'HStﬁSEP%gggl%aﬂﬂ’atﬁﬁ?‘ﬁh%ﬂe%%%%ﬁ f’i%zﬂb‘? the DBR pair is

ectrode cooperate t ine a lateral LED structure. 23. An electrode

opuca'i ey%h%mgg\ﬁ?gna%watafﬂel?&xstn%&e&tmﬁéwwrﬁ RUPBESIBE RN other

trode; and an optically transmissive dielectric material having an index
lay oOf refraction greater than or equal to one and less than that of a
semiconductor upon which the dielectric material is formed, the dielectric

matgrial hawenarpediorthasieriradmse asito E e etieatioaf dgfie DBR
24. An electrode structure for a semiconductor LED, the electrode
pair BHYGIUR kness that is a multiple of approximately % A.

20. The method as recited in any one of claims 17 to 18, wherein the
dielectric and the electrode make physical contact fo the semiconductor via an [TO
layer.

21. A device comprising:

means for emitting light;

means for providing current flow to the means for emitiing light;

means for providing electrical insulation formed upon the means for emitting
iight;

at least one DBR pair formed upon the means for providing electrical insulation;
and

wherein a portion of the means for providing current flow is formed over both
the means for providing electrical insulation and the DBR pair(s) and another portion of
the means for providing current flow is in ohmic contact with the means for emitting

light.
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-comprising: a electrode; and an optically transmissive dielectric material
having a thickness greater than 1/2 A, the dielectric material being formed
to the electrode so as to enhance reflection of light. 25. An electrode
structure for a semiconductor LED, the electrode structure comprising: an
electrode; and an optically transmissive dielectric material formed to the
electrode and being porous enough to reduce the dielectric material's

effective Apdax fJed agiRtLse 65 thAl totakieRatsiiesherfs WispHIMg:

the semiconductor material. -40 26. An electrode structure for an LED, the
elé&%ﬁ@%@ﬁ}&@%ﬁﬁiﬁ?na 28HiCORIRR @R ARSRAMRing a cutout
fogmeethereincnadel e Eicaliidasubaing fiekeciiiovmairsal.parnetal
electrode; wherein a portjon of tre electrode s forr eg%%utside of the

r e

cLATDEN P ZISGHRSIE B HRCUISR SR RYBIALAN YT eIt
whereiptibgiparaesrafséiece idiefirastdsoutsideishdmutedt ts aeledtisdllyne of the n-
isolated from the semiconductor material by the dielectric material;,and .. ,
slec erefh th Soﬂfgﬁeé?%g etSctfbde inSide Cé“'e ctrjdgﬁﬁlts%n 8ea!:I ?cglteg dielectric
mateciziamtingtla tthickeesd obadpotixigrataterial 541 and
wherein the semiconductor material, the n-electrode and the p-electrode

cooperate to define a lateral LED structure.

23.  An elecirode siruciure for a semiconductor LED, the electrode structure
comprising:

an electrode; and

an optically transmissive dielectric material having an index of refraction greater
than or equal to one and less than that of a semiconductor upon which the dielectric
material is formed, the dielectric material being formed fo the electrode so as to
enhance reflection of light.

24.  An electrode structure for a semiconductor LED, the elecirode structure
comprising:

a electrode; and .

an optically transmissive dielectric material having a thickness greater than 1/2
A, the dielectric material being formed {o the electrode so as to enhance refiection of
light.

25.  An electrode structure for a semiconductor LED, the electrode structure
comprising:

an ejectrode; and

an optically transmissive dielectric material formed to the electrode and being
porous enough to reduce the dielectric material's effective index of refraction such that

total internal refiection occurs within the semiconductor material.
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26.  An electrode structure for an LED, the electrode structure comprising:

a semiconductor material having a cutout formed therein;

an electrically insulating dielectric fnateriai;

a metal electrode;

wherein a portion of the electrode is formed outside of the cutout and a portion
of the electrode is formed inside of the cutout;

wherein the portion of the electrode outside the cutout is electrically isolated
from the semiconductor material by the dielectric material; and

wherein the portion of the electrode inside the cutout is in electrical contact with

the semi conducting material.
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