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external quantum efficiency (7..) is stil much lower than internal quantum

25 efficiency. This is because the light extraction efficiency of conventional GaN-based
LEDs is iimited by total internal light reflection, which occurs at the semiconductor-

air interface due to the high refractive index of GaN (n=2.5) compared to air (n=1).

The critical angle for the light generated in the active region is oniy about 23°. Most

of the light generated is repeatedly reflected into the substrate and eventually
30  absorbed. Assuming that light emitted from sidewalls and the bottom is neglected,
only a smail fraction (4%) can be extracted from the surface.

Conventional GaN-based LEDs grown by metalorganic chemical vapor deposition
(MOCVD) use a nonconductive sapphire substrate. The epitaxial layers on the
35  sapphire substrate consists of usually a light-generating layer (active region)
sandwiched between a relatively thick n-type doped GaN layer and relatively thin p-
type doped GaN layer. The n-type GaN layer is formed by a stack of multiple layers
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The formation of micro-lenses on an output surface of a light emitting diode has
been proposed. However, in the main it is not possible as the active region is close
to the light emitting surface on the p-type GaN layer and the forming of the micro-
lenses or surface roughing may damage the active region.
30

Summary of the Invention

In accordance with a first preferred aspect there is provided a method to improve

35  the external light efficiency of light emitting diodes, the method comprising etching
an external surface of an n-type layer of the light emitting diode to form surface
texturing, the surface texturing reducing internal light refiection to increase light
output.
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25 The surface texturing may be at least one of: surface roughening, micro-lenses,
and surface roughened micro-lenses, holes, voids, pillars and vias. The micro-
lenses may be selected from: hemispherical, substantially hemispherical,
hemispherical with a flat top, a segment of a sphere, pyramidicial, cylindrical, and
cuboid. The micro-lenses may be of:

30 (a) a spacing between the micro-lenses in the range 2 to 3um:;

(b) a pitch of substantially 6um; and
(c) aradius of substantially 2um.
The micro-lenses may be substantially pyramidical and may have facets at an angle

of substantially 58°. The surface texturing may be over a part of the external

35 surface. The surface texturing may be in light spaces formed between joining

portions and an outer portion of a current dissipation array on the external surface.



25 The surface texturing nay be at |east one of:

surface roughening, mcro-|lenses, and surface

roughened mcro-1| enses, holes, voids, pillars and

vias. The micro- |enses may be selected from

hemi spherical, substantially h#&nispherical,

hem spherical with a flat top, a segnent of a sphere,
pyram dicial, cylindrical, and cuboid. The

mcro-lenses may be of: 30 (a) a spacing between the
mcro-lenses in the range 2 to 3pm (b) a pitch of

s ubstAafi{et chmiqcopisat make femedapnrtwewn%ﬁuwm A nityge|lgyer and
2pm  aTbeond ohmicl wn&etSmwxbekrermb&t peabjey eRtéFrRNsGHARE! The
The Sirdiye 85t (B BlpL 0o fu, Phentie B o of B
ext ergmitting giedes hq? a@cend mlczﬁgmtﬁq@@ytcempmel angjackedf nhasipleriayers

| isghtof it and ﬁ@ﬁ%doy}@eﬂ(@ﬁ@tal ﬂiaWbQ%I\%@rélurﬁ’iH@m Q{r‘@nﬁﬂer highly
ti O at ron_arra

t
ot orrRiREe Frta0 Iné O b BRal R et o aston taver for
f or meathhanging fight eeflectionaf the light @ondttingf diddeeThe- segpel dhanjcegontabtdnay

a secont tﬂQrEnﬁreC@@E)r@%yen@Melk?\gl £ aH@dAI%FhaBVJI)y Rfe S8%RE ohmic

ext er naI surface second ohm ¢ cont act %/
r ef | €Optapt iBHEOY 2 ROARA REINR §-tynedaver exigraalsuifacss withyie remainder
| 10ghtof them-type lager dktedel. suffbe ssirga (baﬂhﬂrtﬂllycméraﬁ itirBtyleast one

Conprrbtisi%}“% ﬁ\ta@f'liﬁ BF ré‘ﬂé}:ﬁﬂﬁgllfﬂg f&yg{hgnéng qht e‘r?és?on S}dthe light

their
anot H&EMitipg gedey reflective metal. The hi ghly
reflective netal may be for a Iight reflection | ayer

for flect 10 m ttin

di ode. ;}ﬁg&é Ig%’r thg Q{'{'r\ﬁg gaygro%n[dac? ?ﬁg ﬁayg 'U@? "Sr?f Wge of a
pLst y faa-telatad réaéeré\*wagdplf@@mpleAﬁarérln@@N VGB3N, MCBainN InN and
secomgnohm ¢ contact nmay cover a portion of the

p-type | ayer external surface, with the renai nder 10

of the p-type |ayer external surface being at |east
par t i Srfage teatudngetayalst babn theastyposide by airfaee teixueng at least one

mat erjhygh sél&ﬁedrfﬁ)frﬂ Geld-0sk hjed e &%lc @Jﬁlﬂ:ﬁplﬁ é?%nld'tl'gamontact layer.
&/ssmn of the light  emtting diode. e p-t
I

the active layer and the n-type | ayer may be of
one dBriefDescrigtioa of e DBaWihgs at ed materi al such as, for
exanpl e, GN, InGaN Al GaN, Al GalnN, InN and AIN

Surface texturing al so be on the p-type side by
sur f aPePrdes gy r*h*h@'ea?nf linvgation gRgy be BYe pndesstenst ang fepdinput into
t he porhatips effeytahere sha rdMBetice bbby whybdfelon-liRdRalivé B&mple only
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reference to the accompanying iliustrative drawings.

In the drawings:
Figure 1 is a vertical cross-sectional view of a first preferred embodiment;
30  Figure 2 is an enlarged view of a part of Figure 1;
Figure 3 is an enlarged view of the right-hand end of Figure 2;
Figure 4 is a top plan view of the embodiment of Figure 1;
Figure 5 is a photomicrograph of a portion of a light emitting device according to the
first preferred embodiment;
35 Figure 6 is a scanning electron microscope image of a second preferred
embodiment;

Figure 7 is a more detailed image of a portion of Figure 6;
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The conductive layer 107 is for the transmission of light generated in the active
layer 106, the light passing through an external light output surface 108 of
conductive layer 107. The external surface 108 is the external surface of the air-n-

25 GaN interface. A bonding pad 109 is formed on the external surface 108. A current
dissipation array 110 may also be formed on the external surface 108.

The external surface is surface textured to improve external light efficiency by

reducing total internal reflection. Surface texturing may be by one or more of
30 | surface roughening, micro-lenses, surface roughened micro-lenses, holes, voids,

pillars, and vias. One way of surface texturing is to etch the external surface 108 to

form a plurality of micro-lenses 111 from external surface 108. The micro-lenses

111 are preferably hemispherical or close to hemispherical. However, they may be

of any other suitable shape such as, for example, hemispherical with a flat top, a
35 segment of a sphere, pyramidgcial, cylindrical, cuboid, and so forth.
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Therefore, by controliing the material, size, shape and spacing of micro-lenses 111

it is possible to control the direction and extent of light output from the light emitting

diode 100. This may be to the extent that LED 100 could output a focused beam of
30 light.

Figures 4 and 11 show the arrangements of the micro-lenses 111 in a current
dissipation array 109, 110 on the external surface 108. The nature, purpose and
construction of array 109, 110 is fully disclosed in our co-pending Singapore, patent

35  application number (not yet known) for an invention titled “Electrical Current
Distribution in Light Emitting Devices”; the contents of which are incorporated
herein by reference as if disclosed herein in its entirety.
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ar r aytahdfd plw@t@hth&;r%ihb' Fhedb DRSS ﬂ»aﬁ}erﬂb' ractcé)s &%Q&iu@ﬁi etching

ook i BRoR SRR, FERLl MePBITEHsPnes PRl can aiso

Disst rbelused anan etchingyhaskEAitertetahing Bed reresél;of atyeresidud phrutsesist,

of WhkEhicRlidhs istemfdaor ated herein by reference as if
di scl osed herein in its entirety. 7 The array 109,

110 conprises an outer portion 110 connected to the
bondijng RAGhd dRSbdWerlt %JWM?’QIC@ @Jxﬁdnﬁ?% éu}éce %EH@\% formed by

J oi ni portions 115 and outer I on

nurrbé%“gﬁ?f logrenf¥t WelpSieid qb3ll on paf °ﬁ£éteﬁ‘ﬁhs%ﬁﬁe 198 vvnTthh'S by
t20e rsubjecting ames esSaNldurface 188 loogqueeab. potdaiumi I@ﬂdt‘oxﬁip&t@u&g at a
421, tér%geratﬂéssu@mgs 4&%xgﬁ¥lee@8m ?{Epqutur%qga&ﬂ)nito n% gr el%nlﬁned

sane size and e, e nu
T i, aD8 PeRal iney Baen sl gma feyy £6E0NgS p toy several hears. For

and 4dekémpiaNthe NEWMpdritend rM&CoADE BYR, the P8ty pﬁeﬁﬂ@ maP'be 7
may differ fron1one l'i ght 3Pace to the next.

ref | JEPYISR TR /RIUeqUSPIESS IR YIRidR qOIUGARRAY sy a 2iMolg pptassium
ansr ayhydfd¥ide ddiGtion 1dut other concentrations may be used. Figure 6 shows that the

surface 108 is roughened with small grains and Figure 7 shows that the surface
morphology of the n-GaN surface 108 displays a high level of roughness at the sub-
micron scale with a dense, hexagonal pyramid structure being formed. The facets
of the pyramids are in planes inclined at about 58°4°.
30
Agitation of the light emitting diode may be used during the etching. The agitation
may be by ultraviolet illumination. Additionally or alternatively, the surface texturing
may be by dry etching. The dry etching may be pilasma etching, plasma
bombardment or laser processing. The dry etching may be before or after the wet
35 etching.



The m crolens can be fornmed by etching part of the

sem conductor LED. First, photoresist is spun onto

the surface, and then patterns are fornmed on the

resi st by standard photolithography. These

phot oresi st patterns act as subsequent etching mask

for mcrolens formation. Instead of the photoresist,
other materials can also 15 be used as an etching

mask. After etching and renoval of any residua
photoresist, the mcrolens is forned. In a second

e b o diugie dense mendlin ipy@oddidabsttugturasgan de ssed ascanolensgh enintrgase
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hours. For exanple, the tenperature may be 90' C and

t he miRees shews e e[éefrlbé) WiniBescérte (“ELMI dutbue weT'?me surface 108
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conceabtaingtd |frem§h¢mamebl@m§esjbef<wp @0¢ afted KOhowet etchiag abdmeasured

suor f agnend WBfek Sefﬁn‘é%&l@q %g vt tahy ?a@ﬁl' lothgrr ﬁ‘lbﬁ‘%\eaéquﬁa&% HHFpﬁology
7 shows t he n-G

sur f &8¢ f@s"ea\tegtsf aﬁe Ry gor S am@ge@s% sigipicantly
sub- aftecsuiace cableninigt MAfler denmdes dfdsQi{yetobihg, plyer it dutput power

St I UGhéRe DB} NAcloPEEBfh 3The facets of the pyram ds
are in planes inclined at about 58*4*. 30 Agitation of

the light emtting diode may be used during the
etsc hi Figpre J13Bovesga tahpadiaon dfetiie b@aslyedI-V cearbh@éridtic before and after

i1 urﬂdﬁi’éfcﬂlﬂ% 'Mg 'dteém&ﬁélj] b BFWC??A Soq{aQ%EJoé?be_ﬁftérg%H etching is

surface text
et chi Rnineye Bé“ fi‘le*@éﬁ’ﬂie'@f%'ﬁn n@he ii'i"a@hfﬂ insisig e FithiEvAu d-metal
| as erwiprsessadterpratd [tRrich KORL 6lahing NMs BRblef ﬁfa? Hel solved by
af ter, ense
- et RemedPartl S HaRehoucheniitc the B0kt se BARER rang does not
Cr edeg@de wifpthpingrresesttetainpitions. ef fi ci ency of GaN-based
LEDs As shown in Figure 7, sone of the | arge

Pg{ a guren \q\ﬁﬁﬁov?sra? h\lergipr%??{ eW Sga V\)?X%adgoﬁr%r%ﬁ?ragf surface
gr ow fafighigning 1801 Prh theuitsideasurfacen &1 ofchicrrglenses B 1t hihe surface
n- GaNogdhehi ¢Gb1]f9§y E@&eF QI[‘BH pHACT sEr‘fé]:H 188 @nGEOWor bBR of micro
J[fre? gérléscgldé {i]us way t%e ns Ga'ﬁ'sgrface 188 ma %\év\?er arﬁ Lgtgated surface
and/or a surface roughened 1001 surface and/or micro lenses 111 and/or micro

lenses 111 with surface roughening 1001. '

As shown in Figure 12, a layer 1130 of another material may be formed on the
30  external surface 108 of the n-type layer. This may be before or after the surface is
surface textured. An outermost surface 1131 of the layer of another material is
surface textured for reducing internal light refiection for increasing light output and
external light efficiency of the light emitting diode. Surface texturing may be as
described above.
35
The ohmic contact layer 104 is formed on the external surface of the p-type layer
105. The ohmic contact 104 may reflect light for enhancing light emission of the



versus the injection current (L-1) with different
etching tines. The data was obtained fromthe sane

LED di es before and after KOH wet etching and neasured
10 on the wafer before dicing, so that any factor

ot her than the surface norphol®gy could be negl ected.
The output power at a given current increased
significantly after surface roughening. After 7

m nutes of KOH etching, the |ight output power

increased by a factor of 2.5 to 3. 15 Figure 9 shows a
conpdightsaitting diedee Theeelnie cehtadt|layeratOd anayrdomiprise dsthekraf multiple
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| ensegcdidl, Ml by AN f ace roughening 100 1. As shown in
Figure 12, a layer 1130 of another material may be

formed on the 30 external surface 108 of the n-type
| Iay erin additios tovéhy shrfach &fxturisg ar thahttgre 1dylee167y sdriacetekisring may be
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for enhancing light reflection of the light emtting
di ode. The second ohm c contact 5 |ayer 104 may cover
the entire external surface of the p-type 105.
Alternatively, the ohmc contact |ayer 104 may cover
a portion of the external surflice of the p-type |ayer
105, with the remai nder of the external surface of the
p-type | ayer 105 being at |least partially covered
with at |east one reflective material for reflecting
light for enhancing |ight em ssion of the |ight

em t THEFAMBe. 10 The p-type | ayer 105, the active

llayer 106 anfl héfod1td YiodeA ¥R extéldal RMt Bfici@cy W 8ighCEmitting
nmore of a GaN-r el ﬁte

d material such as, for éxanple,
Gan, InGan,  HPeSEnDe MR ARPTSINgRiaRig SReKemaisuiae of ah n-type
addi ti on to layrs of thefligbleernitiing Wiodado torm tshdace-téxtyring) tag eurface
197, surface i : ; t: type
o de. “Thi o oy el o nigh RSB T el gk
| ayer 101 and/or ohm c contact |ayer 104. Wil st
there has be&mettescsiclaetkd in clalie 1, vareedoing ggl @mlirighdiddeas a
preferred 2 di . Of . Lhvention, i
will be unde&%ﬁgqﬂy [%%réag agé!gﬁlag{?'%ﬁ%’% ﬁétwg?necﬁnnéﬁy%egt?yer
concer ned t haltd RePPPe @Y¢rat i ons or nodifications in
details of design or construction nmay be nmade w t hout
departing fr r invepgtion. 10 THE CLAIMS 1
A bt hoi o s RER R alp ST Vit P epE TR ghrisds o
light emttilegst efieosriestedt fiem nthe raseircenmpistingi ofy aequsintumy well,
an external gethiuat@elsf quamum-do¥Psnd dudXieh witks.t he i ght
emtting diode to formsurface texturing, the surface
5 texturing reducing internal light reflection to
ilAcr eas® | i ghtmathadmstclairled iA anpbhodf deme !l 20 Bacherain the auMace
1, wherein t{é?tuhﬁgﬂ?ﬁy\ﬁgﬂeﬁahlnﬂgvitﬁ'a%qéni Solfkion! ayer of
p-type material and an active | ayer between the n-type
| ayer and the p-type layer. 10 3. A nethod as cl ai ned
in clai® 2, Mmesteidnast d@imadin slaéiml 4 \weredDINP Ich&fiBal @blution is an
| east one Segcﬁfe{)@éj sfofuf?(mt ep&éngR %85]'§>|(§t ' dnd gtf ﬁin& is at a

uant um wel | quantum wel I's, quant m ot S, and

gﬁantum wi r etempetatute fona predefepningd Reried- med i n any one of
clains | to 3, wherein the surface

6. A method as claimed in any one of claims 1 to 5, wherein agitation of
the light emitting diode is performed during the etching.

25 7. A method as claimed in claim 6, wherein the agitation is by ultraviolet
illumination.
8. A method as claimed in any one of claims 1 to 7, wherein the etching is
by dry etching.
30
9. A method as claimed in claim 8, wherein the dry etching is at least one

selected from the group consisting of: plasma etching, plasma
bombardment or laser processing.

35 10. A method as claimed in claim 8 or claim 9, wherein the dry etching is
before or after the wet etching.



texturing is by wet etching with a chem cal sol ution.

5. Anethod as clained in claim4, wherein the

chemi cal solution is an aqueous solution of potassium
hydroxi de and etching is at a_ 20 tenperature for a
predeternined period. 6. A nmetlhod as clainmed in any

one of clains 1 to 5, wherein agitation of the |light
emtting diode is performed during the etching. 25 7.

A nmethod as clainmed in claim®6, wherein the agitation

is by ultraviolet illumnation. 8. A nethod as

cl ai med't-n afyneiee 2 £laimeg;imanyione®f glaimgHiete dPrwherigin the surface
et Ch: ng ig textughgyis at Iﬁﬁﬂtg}@e sa?ctﬁj_ frdin _[l‘iétd'ﬂ?ﬁ)l @ﬁsit§t|n§ioﬁ%drface
in claims§, rein the dry e | i s east one
selected fr o}r%ﬂ%e'nﬁ’r"a'ﬁ%’"%ngéi’ia ?iSH’S&Sf"?”gﬁf'&Sﬁ%{“&'?IﬁF%QP'eS'
pl asma  bonbyfidsneitars and Miasser processing. 35 10. A

met hod as clained in claim8 or claim9, wherein the

dry etching is efore or after the t etching. 11. A
rre%/hod gl i’H%‘B“{ 7S & %}m‘a‘ilé” c?;a"BIQi' ereiny dhe) fiicro-lenses are
wher ei n t he salrcfedicteom tth tansuipngonisistirgt of: d@siispbereal, substantially

selected fr oﬁ@_rﬁigﬁegd'a?%m%‘aﬂéﬁ;jcai Witt0a Abt top Us gg@gec?t of a sphere,

rougheni ng, mcro-|enses, and surface rough
ni cr o- | ensesPY"HBfigal cviggicglsandfuppidr s and vias. 5 12. A
met hod as clained in claim11l, wherein the

m cro-| %lseSAf'f"r{eﬂ]od Sag LRt f:lraﬁqy1t J}%IGaﬁ]ﬁ g% ﬁv@%%@@bg Hidenses

of : hemi spherical, substantia
heni spheri caf®fth a flat top, a segment of a sphere,

pyram di ci al (a) eysSpheit betiden it dlicribritied in tAdrahde 2 & 3#@; hod
as cl ai ned ia))calpq' Iabjm_lz wherei n the

ImAa1l or c
micro-|enses" ’ ar ecrb?f:lsu?%?nt'g"ysﬁéncf?\dg bet ween t he

mdcr o- | enses(9) @ radigs of guptantialy@u®pm  (b) a pitch of
substantially 6pm and 15 (c) a radi us of

subst an“'al ! X n%gt%d as claimed in claim 12, wherein the micro-lenses are

substantially pyramidical and have facets at an angle of substantially
58°.
20
15. A method as claimed in any one of ciaims 1 to 14, wherein the surface

texturing is over a part of the external surface.

16. A method as claimed in claim 15, wherein the surface texturing is in
25 light spaces formed between joining portions and an outer portion of a
current dissipation array on the external surface.

17. A method as claimed in any one of claims 2 to 16, wherein a first ohmic
contact is formed on the external surface of the n-type layer and a
30 second ohmic contact is formed on p-type layer external surface.

18. A method as claimed in claim 17, wherein the second ohmic contact is
able to reflect light for enhancing light emission of the light emitting
diode.

35



14. A nmethod as clained in claim 12, wherein the

m cro-lenses are substantially pyram dical and have
facets at an angle of substantially 58 . 20 15. A

nmet hod as clainmed in any one of clains 1 to 14,

wherein the surface texturind?is over a part of t he
external surface. 16. A nmethod as clained in claiml15,
wherein the surface texturing is in 25 light spaces
formed between joining portions and an outer portion

of a current dissipation array on the external

sur f acel® 17. A Ag{prchay) clagisned| i HAE i7norafigimotfe Wherein the regcond
2 to 16, whegiehit contddt EsrhpridBEhGtack ONiakble 1ayerk @F Me@IsARd their
t he external urface of the n-type layer and a 30
second ohm c c%ntact is formed on p-type |ayer

external surface. 18. A nmethod as clained in claim 17,

wier ei nag. he ReReRcH @bNdiimeP M dlm 118, wAblef the m&E! RCA highly
SI on o

o e el A0y a3 abvet o iy
claim 17 or claim 18, wherein the second ohm c contact

conprisgg a ﬁtnﬁé?c%dojs dHrhhéd |F?|c%|nl| 3y h%reﬂf ggﬁﬁﬁik%f@&gi&etal is

their alloys. as c

wherein the Wétaai'ghf §ef5°tlﬂ”g‘ﬁ¥ey fory gqhag@lﬂq Jgnt feflestion of the light
imacl udi ng atemitmgidiodae of : silver and al um num 21. A
nmet hod as clained in claim20, wherein the highly
reflective netal is for a light reflection |ayer for
enhanci #g | i fmethasassEimesin amy agef slaigr(!7 tor2f, whereip thegpecond
di ode. 22. Aotimsit berdlacksovetsahdrerlird pitype)aytetertal sikfatds 17
to 21, wherein the second ohmc contact covers the
entire p-type | ayer external surface. 15 23. A nethod

as cl ai gﬂed i A matpdea slaipfeddn amymane drclaims 27 fo Aheherein thetsecond

second ohnmi 6hrﬁ.ea&ra§dt c&féwpsort%nmfhfelpqvpquy& Bﬁerﬁalfsm%e with
| ayer ext ern Sur remai nder of

p-type |ayer SX&GEPH‘EF' ghmeaB é"pBgFWé eXternas sygace be‘”g at least
partial | y coratfialy coxerdy with 3tdeest ormmefigctivd meterial dor reflecting light

mat erial for o 8haRGihd Bt &rhi8&bn of the light emitting diode.
20
.24, A method as claimed in any one of claims 2 to 23, wherein the p-type
layer, the active layer and the n-type layer are at least one selected
from the group consisting of: a GaN-related material, GaN, InGaN,
AlGaN, AlGalnN, InN and AIN.
25
25. A light emitting diode comprising an external surface of an n-type layer
of the light emitting diode having surface texturing formed by etching,
the surface texturing being for reducing internal light refiection for
increasing light output and external light efficiency of the light emitting
30 diode.

26. A light emitting diode comprising an external surface of an n-type iayer
of the light emitting diode, and layer of another material being formed
on an external surface of the n-type layer, an outermost layer of the

35 layer of another material being surface textured for reducing internal
light reflection for increasing light output and external light efficiency of
the light emitting diode.



for enhancing light em ssion of the light emtting

di ode. 20 .24. A nethod as clained in any one of
claims 2 to 23, wherein the p-type |ayer, the active
| ayer and the n-type |ayer are at |east one sel ected
fromthe group consisting of: '|d GaN-rel ated material,
@GN, InGaN, A &GN, AlGlnN, InN and AIN. 25 25. A
light emtting diode conprising an external surface of
an n-type layer of the light emtting di ode having
surface texturing forned by etching, the surface
texturing being for reducing internal |ight reflection

for i ngreashmghtldngifihg Gibideoéﬂ cl@fdd exXEBmNE orl dleﬁthG wherem the
efficiency o

light emitti rf’ghE 8‘“'“&‘8%3“‘&3}3. P& 'ﬁﬁeggﬁp&?feé?%%ﬂa' 3’1%?’5%%"’%1‘33’”
an n-type | ahetweerghe p-type leiyesrend dhel -typenigyedi ode, and

| gyer of another materi al being formed on an externa
surface f th an outernost |ayer of th

35 Iayel" of aﬁgﬁﬁﬁg%f’ 8¥ § 4 C'ﬂgﬁeﬁg“ @ﬁf?‘f%?cé’h?)é%t“ﬂﬁ ggjve layer
for reduci ngcomrigenal iedst ghe setetledcftdnonhd @roup nensistiigng: a
li ght out put qandnexiie %k 0 Jv&iat h

light emtti ﬁg di ode. &u y ql{%mhcdogsnm%dt@%am@ W &

as claimed in cla|n125 or cla|n126 wherein the Ilght

eoi ttingo.di oddiglitamitting diyderas @fainped ity pey dhetot Elbitls 2806128 Wherein

Iag;ie\r/e lsaggr th&%ﬁk&%%&t&rmg t|sne|t Ié/dgFoAgas%%rctegﬂgm tll?edgrg%;# Xd%snstmg

clai m27, whek éPfFFiGFHéUQQGP'PQ/é"'F@;J@]%S CpRUrTaess orghenes aticro-

one sel ect edichsanhdldevadsOpifars amsiigs i ng of : a quantum
wel |, quantum wel | s, quantum dots, and quantum w res.

10 29. Alight emtting diode as clainmed in any one of
Pai ms 28 t oAdight aftiitingdiede astpiained haipém LeMhereimige imicradenses
| eafSt one sebRCdeRMieh FROM th@?rog[) Q&R‘:IS@IQ@&I ﬁérhl@;gwen@éfl -substantially
surtace roughen. ens
roughened i ?'B'SB}%EF%]e'},em'WBF%@FW%PE@ t°B1 PISSQ’Ee”éHEIa sphere,
vias. 15 30. pyxamidiglat, cagnilrical, atp aliboide as cl ai med in
claim29, wherein the mcro-I|enses
20 31. A light emitting diode as ciaimed in claim 29 or claim 30, wherein the

micro-lenses are of:

(a) a spacing between the micro-lenses in the range 2 to 3um;

(b) a pitch of substantially 6um; and

(c) aradius of substantially 2um.

25
32. A light emitting diode as claimed in claim 30, wherein the micro-lenses
are substantially pyramidical and "have facets at an angle of
substantially 58°.
30 33. A light emitting diode as claimed in any one of claims 25 to 32, wherein

the surface texturing is over a part of the external surface.

34, A light emitting diode as claimed in claim 33, wherein the surface
texturing is in light spaces formed between joining portions and an
35 outer portion of a current dissipation array on the external surface.



are selected fromthe group consisting of:

hem spherical, substantially hem spherical,

hem spherical with a flat top, a segnent of a sphere,
pyram dicial, cylindrical, and cuboid. 20 31. A |light
emtting diode as clainmed in claim29 or claim 30,
wherein the mcro-lenses are of: (a) a spacing

between the mcro-lenses in the range 2 to 3pm (b) a
pitch of substantially 6pm and (c) a radius of
substantially 2pm 25 32. Alight emtting diode as

cl ai ned3%n chdphhesdtingfiesdeds slaimed injacy enelof plgigns 2749 84, wherein

substanti al | ¥ fipy loAmiccion@kt BMermzaVER tf\@%%ﬁlalaiur@{:b anﬂg %-type
of substant | al |

as clained i 74 %’doan%e%?é)eh'ﬁ'crfgmﬁgqf EP"ﬁﬁd °W?é\9p€| 'ﬂye'teht@ma'
surface texteufasg is over a part of the external
syrface. 34. Alight emtting diode as clained in
claimBS grelnthe surface texturing isinlig

Gr me

spaces ligh Emiing gioste s SImsHR FBIRS3Saneerain the&“ﬁcond ohmic

out er porti oporgdct & ablerineraﬂecdhmrqnahmammngmgrayenﬂhrmohfwthe light
external surfagfg dabd . Alight emtting diode as
clainmed in any one o? cI alms 27 to 34, wherein a first
ohmc contact is formed on the external surface of the

not ype 3t.ayen lightcenalttisg Giods] a® bigirad wabuacss orscidir IBERhSEIN the

p-type layer g rnal face.. 5 36. A

di ode as cl ai %:§ (?Pﬁﬂlc Cogtg&é%% PRS2 PR H m@@ieoﬁﬁeraﬁh{"gtals
contact is aBr&theibalioes.| ect |ight for enhancing Iight

em ssion of the light emtti ng di ode. 10 37. A light

wher el n S e defoariih TRte 8 sried BT FRouieiok i Reiat s
nidl ti pl e | ay6ighly teflegiiee mietal ingnding dtddast anlelod pibver 81 alulninum.

light emtting diode as clained in claim37, wherein

t he net is.a .15 hi reflective netal including
at | eas?gone Aofant §l“|'t\f%r d'é?ﬁ:l 35 {RIPAL A claim 38, wherein the highly
reflective metal is for a light reflection layer for enhancing light

reflection of the light emitting diode.
20
40. A light emitting diode as claimed in any one of claims 35 to 39, wherein
the second ohmic contact covers the entire p-type layer external
surface.

25 41. A light emitting diode as claimed in any one of claims 35 to 39, wherein
the second ohmic contact covers a portion of the p-type layer external
surface, with the remainder of the p-type layer external surface being at
least partially covered with at least one reflective material for reflecting
light for enhancing light emission of the light emitting diode.
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42, A light emitting diode as claimed in any one of claims 27 to 41, wherein
the p-type layer, the active layer and the n-type layer are at least one
selected from the group consisting of: a GaN-related material, GaN,
InGaN, AlGaN, AlGalnN, InN and AIN.
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43. A light emitting diode as claimed in any one of claims 25 to 42 further
comprising surface texturing on the p-type side.



39. Alight emtting diode as clained in claim 38,
wherein the highly reflective netal is for a |ight
reflection |ayer for enhancing light reflection of

the light emtting di ode. 20 . Alight emtting

di ode as clainmed in any one of "clains 35 to 39,

wherein the second ohm c contact covers the entire
p-type | ayer external surface. 25 41. A light

emtting diode as clainmed in any one of clainms 35 to

39, wherein the second ohm c contact covers a portion
of the p-type |layer external surface, with the

remai nd&t: of Atliget gmittipg edigdgyasr claimed rim glaing (f3f aberelseihppurface
at | east patekiudid ¥ ﬁ@\bet!}'&dsﬁé kfbnaatt idagese w&e selected from the
reflective materi al
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30 42. A |i gtantaghieyari ng di ode as clained in any one of
clains 27 to 41, mherein t he p- type | ayer, the active

| ayer and t layer are at least o |l ected. .
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GaN, | nGaN, suda@aMxtush@Gah the, p-tynd\siaady Abiface3BxtdBig 2 least one

light emttip rq,le@gt@d ASm thePgrBBFcdnBsfHRYr ANEp Bbe Hyal, ﬂ% ohmlc
25 to 42 further rlﬁﬁﬁg surface texturing on

p‘-type si de. C‘fﬂ*)ac“&’&e’ dith WL ng di ode as cl a| rred
in claim43, wherein the surface texturing on the
p-type side is on at |east one | ayer selected fromthe
group consisting of: the p-type |ayer, the ohmc
contact |layer, and the 5 contact |ayer. 45. A nethod
as clainmed in any one of clains 1 to 24 further
conprising surface texturing on the p-type side by
surface texturing at |east one |ayer selected from
the group consisting of: the p-type |layer, the ohmc
10 contact |ayer, and the contact |ayer.



