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El ectrical Current Distribution in Light Emttin

ol ates to ol octricar corrant caistribott on o v RNIAIHINN

emtting devices and refers qarticularly, t hr ough neteiee+
exclusively, to apparatus for spreading the electrical
current so as to maximze |ight output. Reference to

Rel at ed Agesteisal GurrenpDigtribptipe in Lightdueitting Dgyices
earlier Singapore patent application 20506301-1 filed
29 Septenber 2005, the contents of which are

iField o thecknoveintien ei n by reference as if discl osed
herein in their entirely. 15 Backgroud of the
Invention In nost light emtting devices such as for

PhaTRY@tioh ir@lbfes @M ikéthibd cHireteBstABGidnAn &ight éjrhf?ﬁiﬁgsdevi(%es and
bondi ng pads occupy about 15% of the surface area o

réfersipagienlaghyi through nouexclusvely whepparatue f@@ptﬁad@lggwelb&rical
I i . canngt b mtted. 20 Also, as the
gﬁrﬁ%{t%g as %O I%Q)‘&Hnl?&‘l lrilg tg\%g)u

rircal” curren ‘romthe bonding pad to the
active region and will follow the path of |east
resi stance (nornmally the shortest path, in uniform
Refareney 9)Related Applicationcurrent flow, and thus naxi num
light output, is beneath the bonding pad. This
results in a significant reduction in the |ight

Bufeperice i2madiionar gadier Singapdiy paehtipplicatR@QV5d63Ie! Hiddn9
first preferred aspect there is provided a |ight )

g?ﬁt?mﬁ?fgzo(’@gvﬁ%e sontepigef whichre ingpinorated hergin bygefeasacglas if

bRYBES hetSh “eines andetive | ayer; at |east one of a 30

reflective layer and an ohm c contact on a first side
of the epitaxial layers; and a |ayer of

Backgroud of the Invention

In most light emitting devices such as for example, light emitting diodes and laser
diodes, bonding pads occupy about 15% of the surface area of the light emitting surface.

Where the bonding pad is located, light cannot be emitted.

Also, as the electrical current flows from the bonding pad to the active region and will
follow the path of least resistance (normally the shortest path, in uniform materials) the
maximum current flow, and thus maximum light output, is beneath the bonding pad.

This results in a significant reduction in the light output.
Summary of the Invention

In accordance with a first preferred aspect there is provided a light emitting device
comprising a plurality of epitaxial layers including an active layer; at least one of a
reflective layer and an ohmic contact on a first side of the epitaxial layers; and a layer of

a conductive metal on a second side of the epitaxial layers and having a light emitting
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a conductive nmetal on a second side of the epitaxial
| ayers and having a light emtting I I I 1 I I 1 | I 1
0T T I T I I Y B
*000002* 2 surface. Atermnal is on the Iight
emtting surface. The term nal, has an array for
diffusing electrical current and mnimzing its effect
light outp array. may conprise a bondi ng pad,
awf : t éY teHBHar giPn tgﬁ le qnartmgrﬁgrfw tT}I?rTCISm%HWé @niargy for
td'ff?ush%' e AGc I 308 infl rﬁﬁnﬁ’x‘ﬁtzﬁ? iR Qe QN 1 @H{ er
portion and the joining portio el ng Tor current
di ssi pation. The outer portlon nay be at or adjacent a

ri her of the | (% t|n surface. The, j.oi ning
35 e mhwfombhgs p bBRing P a Oy BortO3 indeojlnsporgon
Q:Bﬁlebﬂﬂgjth@ BoRaigFAd ahdd &e%&&?yoﬁﬂnt {Hedutek ?)oﬂb%ragld qﬁéﬁ ofing
a second refl ecglve | ayer ween the array an
ppsion bsiagtior engrent dissipation. ATheequtestpovtainymay beatseadjadent a

at bott.om of. a trench | )

PEORESY bt e BN EOu e 288 Pue BRSO Rty Rieistpgiiralty of
ppcﬂcfeﬁjcﬁﬁidg&l&ﬂﬁﬁid1dgh§hld&nd$h@61ﬁ&ﬂ;ﬁ&(ﬂoxﬂ met hod of
fabricating a 15 light emtting device. The |ight
emtting device has a plurality of epitaxial |ayers

| : .
TGl Wi By 24 fcélgife\fﬁcﬂwaeylg er b@ wé&h tﬁ&&ﬁa}’?ﬁadg"ﬁ{fg g }g&r:r?ltt{/ng surface.

first e epitaxia a ers
ﬁfétleaiatmdyaths saond reﬂmtﬁv@faythaaye bt dtexbattont afyetrenchlihehe light
hod |?cludes formng a termnal on a |light
8W#PP$ﬂﬁf§ﬁrface of the conductive netal, the ternina
having an array for diffusing electrical current and
mnimzing its effect on light output. 20 The form ng
bf accpeglanes ‘agth rfmyccmé Pogferred anpnq therp ampmmgleqb adpetlod ofifabricating a
tion, a 0 n ort ect
HehsufinsBi0E ahRPnG uRirededRe Be Balishits o epiopint v
ﬁmhﬁlﬁng epﬂel’chlve tyand refiectiveldyienen BEirdtisie oF e Wpitaial layers, and a
current dissipation. The outer portion may be at or

sQIjduetbyR matab@% 2 pErORg sigle of the qpitgml laysrs.t Ih@gn@moﬂa@éudes forming
tb"f-ﬁxhrﬁ'l Bh legﬁ%r{lﬁf?ﬁbbﬂﬁ c&Bf ﬁ’lggg %ﬁvﬁnﬁ Ardb b r?aﬁ having an

es jolning t I'ng pa e outer por
array for diffusing electrical current and minimizing its effect on light output.

The forming of the array may be by forming a bonding pad, an outer portion, and a
joining portion electrically connecting the bonding pad and the outer portion; the outer
portion and the joining portion being for current dissipation. The outer portion may be
at or adjacent a periphery of the light emitting surface. The joining portion may

comprise a plurality of spokes joining the bonding pad and the outer portion.

The method may further comprise forming second reflective layer on the light emitting

surface before forming the array on the second reflective layer.

Alternatively, the method may further comprise forming trench in the light emitting
surface, forming a second reflective layer at a bottom of the trench, the array being

formed on the second reflective layer.
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The nmethod may further conprise form ng second
reflective layer on the light emtting surface before
form ng the array on the second reflective layer. 30
Alternatively, the nethod may further conprise form ng
trench in the light emtting ,surface, formng a
second reflective |layer at a bottomof the trench, the
grrea) bei,ng formed on the second reflective |ayer. 3
fed Deppriptioryef the DFawings pr awi ngs I n order that the
present invention may be fully understood and readily
put into practical effect, there shall now be
dreacier thetithb preseyt iofemion mayrhiet fatly wederstaophmed @adiyy put into practical

ferred enbaqdi rent.s ,of the present invention, the
BT iBE bR BEMTG R BY ata REBon T HEIVE SECOMB A Pigterred
embbdifdeats ofehdlpravénd efentidh, iMededé M IAdRing Wit ttrefceltol the
a schematic side view of a light 'emtting device;
pecgunanyging dllustraivedmmingssi de vi ew of a preferred
enbodi nent of a light emtting device; Figure 3 is a
stop pan view of the device of Figure 2; Figure 4 is a
Wretheidealingd:0Ss- section along the lines and in the
direction of arrows 4-4 on Figure 3; and 15 Figure 5
is an enlarged view of the trench of Figure 4; Figure

idufe ARy tcgsﬁfg@éamgvfew meléﬁ% LARARIROCQT Figure S

Igur e re series VI ews® cor fF éspondi ng to
Figyur 2isk shematigsitieiefadfra prefetrod embodibteat oy iigie eafitting device;

E{gﬁ?r s 2to 4. 20 I?eta'led scription of the
. eefisé’cﬁt%ﬁ%'f‘ﬁ%(r& éhe.T%‘Vf“le t''§¥fer to Figure 1 there
Frufd Wi verlidad Blos§lidiioh r&ﬂ)ngfﬂ'{é Gfeskid ilﬁﬂférliil%%tior{ of arrows 4-4 on

exanple, a light emtting diode or a [aser diode, an
Higuienyy aadr ef | ective layer and/or ohmic contact 103 on

. first side of,a plurality, of _epitaxial |ayers
?lﬁgfeus(sﬂsnaél egnargo\ecdt‘fl\e/‘g Ogéh ertéeéll\é lcl)r?;ﬂé.re conductive netal
Fixyer 6 kG alsrmativatstbe afehgenttat of Figtie pi t axi al | ayers.

Figure 7 to 13 are series of views corresponding to Figure 4 showing the fabrication of

the device of Figures 2 to 4.
Detailed Description of the Preferred Embodiments

To first refer to Figure 1 there is shown a light emitting device 101 such as, for
example, a light emitting diode or a laser diode, and having a reflective layer and/or
ohmic contact 103 on a first side of a plurality of epitaxial layers including an active
region 102. A conductive metal layer 104 is on a second side of the epitaxial layers.
The reflective layer 103 may be on the epitaxial layers and the ohmic contact on the
reflective layer, or vice versa. There may be only one of them. A bonding pad 105 is
provided on the light output surface 107. The electrical current flows in the metal layer
104 to the active layer 102 by the paths as shown with the dotted lines on Figure 1. As
can be seen, the maximum electrical current is concentrated under the bond pad 105.

That means the maximum light emitted by the active layer 102 (as shown by the sold
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The reflective layer 103 may be on the epitaxia

| ayers and the ohm c contact on the reflective |ayer,
or vice versa. There may be only one of them A
bondi ng pad 105 is provided on the |ight output
surface 107. The electrical cyrrent flows in the netal
| ayer 104 to the active |ayer 102 by the paths as

h .wWMtih the d |
BBl als0 b SopsrRiraied cpitae boapeRmd 105. Stk Db ailkef reflected
Hmelhtotlggertl@ﬂ@yﬁﬁ@b&%ng patAs, mgﬁlhgarﬂ@)?hm Hegrét(ljﬁt output.

emtted the active layer 102 (as shown by t
4 lines) will also be concentrated under the bonding

ad . ch Li ht il refl ect.ed .back into |ayer
e R4 B0 al o b bogB R e S R heralh ecied for
tik€cdrhgiHen@Wup the prefint SuthBerZ1t & hahft@Woa2pr BERS ﬂﬁd)ondmg pad
enbodi nent where |i ke reference nunerals are used for

£03 jseeplaepddyrretstmingllayeryd Spr ef i x nunmber "1" is changed

to "2". Here, the bonding pad 105 is replaced by a

termnal |ayer 215. The term nal |ayer 215 conprises

ihe termigl Ryér D5 @ngrises arabrray Tidndetdctricallpgbeductive material,
ferably the sane materi

aw rm&*rﬁ jamednaleriplias ghy V@%ﬁ@%ﬁ%@gt g&”‘?ﬁ;’ég&pﬁ?@ﬁgjw
p&ﬂl@bt@@t&%h%(ﬁﬂﬂl% 2 s QR 1Ly {élﬂfagggw- Tﬁ{:grgay 214

array 214 i1s distri over t ace so t
sl chﬂtlbmtedibveruhe surfacei2D7 sé thameliactnnaltcherentawirhli fib@ frolrathe terminal

15 the active.regi on a diffused or
e st Bt RO S ﬁfyseglﬁ{ diyperdBrYnas t he
bondi ng pad 205 as its center so the distribution of
the 15 array 214 is relatively uniformover the
he araz}e2 wefeﬁabéy) has the bencb'ngp@dr 2@chasfitreettee sathealystriBdtibn of the

P IS R M B0, R A PR

ju)es ﬂ'olbéfbfZ&ﬁlcEdﬁ B&lghﬁwlﬁ’én @mpagddaeiE thetboadinggati posr y of
surface 207. This is to provide for |ight em ssion

fromat, and adjacent to, 20 the periphery of active

t
SRR, 2 S AN DS i
poiphegyrof208ateh2(i7. i Bhis isno phividectas Bghtfemission from at, and adjacent to,
ual.l y-spaced radi al  "spokes" extending fromthe
RaFPHFTE BERCA "R P2 cEIRE CBY 1Y BaeY Camec GpRe guer
8&&0@2@6 e bBRAMg @ Pd3 53l joindilp@isn T8 BaPlseinthRRh, four

of the sane
equally-spaced radial “spokes” extending from the bonding pad 205 to the outer portion

206. All spokes 208 are preferably identical, and are more preferably of the same
height and width as the outer portion 206. Although four spokes 208 are shown in a
cruciform shape, there may be any suitable number of spokes such as, for example, one,

two, three, four, five, six, and so forth.

Between the spokes 208 and the outer portion 206 are light-emitting openings 209 for

emission of light from light output surface 207.

The outer portion 206 and/or each spoke 208 or array 214 may be located in a trench
211 formed in the light output surface 207. The trench 211 may have a reflective layer
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hei ght and width as the outer portion 206. Although
four spokes 208 are shown in a 25 cruciform shape,
there nay be any suitabl e nunber of spokes such as,
for exanple, one, two, three, four, five, six, and so
forth. Between the spokes 208 _.and the outer portion
206 are light-emtting openings 209 for em ssion of

Light fromlight output surface 207. 30 The outer
Abt atiishostom Hdodhatdiphhpopagatedlpgacsive segien 202 undek herpsray 214

T L T T
hayeer diffusidg Rurdiceisb sha dightowil PHe3reflected &bml it @dtingle other than

T A T T
Sdrfent t'Fast Bohatdyva F]IJ t@Yl_?elr ellc%l'g réBioh 26@Vﬁ1eakeﬁ.éét{n;éslg}%g 212 is

surface so that I'i ght w be reflected fromi
preffrably ofithe samashagseandatimensivraron sttfeca 207 asahé emay 2lder
212 is electrically conductive to enable electric 5
current to pass fromarray 214 to the active region

A9 2howi i Figlitead; thetBencAYET ndd ot Be ustidahgiileNe@fvetlBfer 212 may
same shape and di nensions on surface 207 as the array

b appliad dgpeslihtoithe Bglyipuepug sunfare 207 bardatlpartay@dd. not be

used and the reflective layer 212 may be applied

directly to the |light output surface 207 beneath array
Pibire 16 1B gidethd ptazeds3 THeswark FegpéOLE®Ss)7 oS Rlaéd®application,
ﬁ%gyres 11 to 17 gf the rel ated application, and are
uMkarp thsgueeess step afiet ¢ origiwabyapphirrafubstagip fils £mqysds r at e

4 is renoved. As shown in Figure 8, after renoval of

t he sapphire substrate 4, the devices are isolated 15

As simveanitigoled; afigr ememaliof ehecdapplgird substrathd, thewleyices are isolated

xposed surface 13 al.ong the edges of the nesa, as
EABACT RS B e S oty e i raParedstied Ly phigihg)edges of
e PR, dsREoWA S FRUION® 100 twithhephdtdrydig 15RN6lBY¥ebteding the regions
during the etching process. Al'ternatively, the
olohe privies Galiddyse 8 dugngtherdiching pspgess| ayer 3 may be
cleaved at 20 locations in alignment with the
photoresists 12 and the dies separated. This is of
Alternatively, the lowermost surface 13 of the n-type layer 3 may be cleaved at

locations in alignment with the photoresists 12 and the dies separated. This is of
advantage for laser diodes as the exposed side surfaces of the n-type layer 3 are
substantially parallel, thus causing a large amount of total internal reflection. This acts

as a light amplification system for improved, and directed light, output.

Pad etching takes place-after applying a fifth resist layer 6(e) over the exposed surfaces
of SiO; layer 8, the sides of the n-type GaN layer 3, and the center of the n-type GaN
layer 3 [Figure 9(a) and (b)] thus forming projecting portions 14 and recess portions 15
of n-type GaN layer 3.

The resist 6(e) is the removed and a further resist 6(f) applied over the exposed surfaces
of the n-type GaN layer 3 and the outer periphery of the SiO, layer 8 to thus leave a gap
16 for die isolation. Etching takes place (Figure 10) through the gap 16 and the SiO,
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advant age for | aser diodes as the exposed side

surfaces of the n-type layer 3 are substantially

paral lel, thus causing a | arge anmount of total

internal reflection. This acts as a |ight

anplification systemfor |npr%ved and directed |ight,

output. 25 Pad etching takes place after applying a

fifth resist |layer 6(e) over the exposed surfaces

g8 ,|aa9é?edslawrﬂé witiy ghe eals phibe thigk photozenisisdyleare gxpogﬁdj The

hg%t@?ﬂk%é 8fed he n-type GaN layer 3 [Figure 9(a) and

orn1ng projecting portions 14 and recess

portions 15 of n- type GaN | ayer 3. 30 The resist 6(e)

I,S.the r rther resi ed over

el s B el Reaslicd PVl exBoyldoweindur BRG ram sfpedze of the

(63 lﬁy’ér%rthﬂﬁlrgh @@%}Xcéﬂt tHeR@ntet Ofthb ﬁyt%e @aNQa}Iel? 4Swh&R % entral
for die’isolation. Etching takes place

gﬂlﬁgﬁgamnﬂﬁmn©m§h the gap 16 and the Si02 6 |ayer

8, and seed |layer 11 until the ends of the thick

photoresists 12 are exposed. The resist 6(f) is

F\ﬂlm‘ésldméf fdyBRbr lafst $8 of AXe Béds akegthéﬁ’ Bh;bl?e‘é dw,lefheé}ledlst 6(g)
gose | ower -surfaces fromthe edge

dhe ByemiBoidhe gap Lt dlecsrnter 96 th?erhty@r« G?N lapier 3nb<tny$epphed

L a

ﬁ%ﬂﬂgﬁn ?rgeré%N \1\%%1: § (gflgﬁlge;lg IThe (r]e R i]' @(ng?vntﬁ té‘%/iﬁlger 3 attached,
rmerabsedaleevm@&fa: 1amlmea&amearto tHee:eﬁ@sn?obf fhle G-ty p¥iGalV Ita
| ayer 18 at the g 17 at the center of the n-type
Wﬁ?@ﬂaB16éWﬁg“§@@ﬁﬁé@0Tdelrectly to the GaN | ayer 3
(Figure 12). The resist layer 6(g) with the |ayer 18
attached, 1is renoved |leaving the |ayer 18 attached to
Inhtbisceayt the sded laWerS he 1Y, Pyped t}@a:l?dpbayeyer 3(a)wheasarefleqort 7o

i ousl cat ed. 1,S.wa ed | ayers
15 Feal s Bt ol ey B S 381 Py Pl Grine
ivth ighi Agp@aThelse@nt trlindltis [aYerd I8 iGQPRS D 14 3K e?l‘ie 19—@)%9&: layer 3 of
bei ng one termnal, thus not interfering wth lig
GaNplud thiy fseangseayrad andipraramnd the certgeef thd layerds thay nanmmzmg its

8fs} OF 1R, A harke e uFAREIh dfeh® TR

n1n|n12|ng its effect on light output, and increasing

the diffusion of current. )
Whilst there has been described in the foregoing description preferred embodiments of

the present invention, it will be understood by those skilled in the technology concerned
that many variations or modifications in details of design or construction may be made

without departing from the present invention.
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20 Wil st there has been described in the foregoing
description preferred enbodi nents of the present
invention, it will be understood by those skilled in
the technol ogy concerned that many variations or
nodi fications in details of design or construction nmay
be made w thout departing fromthe present invention.
25 30 LLOYD WSE 7 THE CLAIMS 1. Alight emtting
TH¥ CBAIMrising: (a) a plurality of epitaxial |ayers
including an active layer; 5 (b) a reflective |ayer
on a first side of the epitaxial layers; (c) a |layer
pf a gopduehities adlied coaprzigecond side of the
epitaxial layers and . having a light emtting surface;
(d) a@er ma&ralﬁb%?nlwwﬁlaaﬁrsaw ‘;%ngaﬁn@ﬁével lpyft
emtthng s r f n

el ect¢b?cal y%:%%‘rag%et ltag& rf{ ﬁ%ﬁ‘?‘?ﬁgﬁf%@ﬁ%’? lé{lzﬁ%ngl i ght
10 oufcput ; a hyelr ¢fed comdseto@nuetalednl 2sconesiaytthelopiidaslHayers and
the array on.the l.ight. emtttj ng surface or at a

[
bot t om of ]?aavt“Pge‘?']Eﬁht SHIftHE SPIR¥% enitting surface, the
secongyyr ef&%iﬁé@corﬁ?ﬂﬁﬁ 5}?&1‘9@ $rPihe 'h%fﬂ &ffttinPsurfad8the array
propagat ed by the ac | ayer under the array and
bei ng el ecbeing &iridjffesprgielettiival cugersrpad inenshigingriiseifect on light
current to ass d’L5 fromthe array to the active
| ayer. ﬁ’f emtting device as clained in claim
1, whey e' M §e‘3§n<ﬂfdﬂ@&’t1\€eqmrlb‘éﬁ@atl@thebﬂaﬂloﬁ@hepﬁght eﬁﬁttmg surface or

out er portl on, jolnen portion connecting t he
bondi ng padl aalmtomef a tmnch in g@ﬁtghbﬁnlt&l%s%f?ﬁérth% sacond reflective

and the | o, liifi¥ot fbchf] fight bRIpaGHER BPtelchi®t B! Hter the

LLOYD wisg

array and being electrically conductive to enable electric current to pass

from the array to the active layer.

2. A light emitting device as claimed in claim 1, wherein the array comprises a
bonding pad, an outer portion, and a joining portion connecting the bonding pad and the

outer portion; the outer portion and the joining portion being for current dissipation.

3. A light emitting device as claimed in claim 2, wherein the outer portion is at or

adjacent a periphery of the light emitting surface.

4, A light emitting device as claimed in claim 2 or claim 3, wherein the joining

portion comprises a plurality of spokes joining the bonding pad and the outer portion.

5. A method of fabricating a light emitting device comprising a plurality of
epitaxial layers including an active layer, a reflective layer on a first side of the epitaxial
layers and a conductive metal on a second side of the epitaxial layer, the conductive
metal having a light emitting surface; the method comprising:

forming a second reflective layer on the light emitting surface or at a bottom of a

trench in the light emitting surface; and



1

o

1

L

20

3. Alight emtting device as clained in claim 2,
wherein the outer portion is at or adjacent a

peri phery of the light emtting surface. 4. A |light LLOYD WISE

emtting device as clained in claim2 or claim3,

wherein the joining 25 portign conprises a plurality

of spokes joining the bondi ng°pad and the outer

portion. 5. A nmethod of fabricating a |ight enittin%

devi clermingpy teuning! eomprising aniarayfon tgpacand flechyelayer, the array
I ncl udi J. r .1 ef. - :

e 87 ot e ol ong i g s KL BB,

met al theBecdnd e€floetivs iayer bding foe reffrictiax light prayatedttiyahe active

conductive 30 netal, havingﬂf Ihght,enitti@g éurface;
leyr upderibe aEaYpRg Bipg clepBicahepnduciavedn gnakif plegtric\fyrrent to pass
Qpﬂt j Ltting surface or at a bottom of
ga%ﬁﬁ%nc @ﬁh%%gn%ﬂgﬁ% emtting surface; and LLOYD
WSE 8 formng a terminal conprising an array on the
econd reflective layer, the arr bei.n r : :
udighed Sttmeditt Eim Snthae e AFIOE AF egag iy hicforming
QﬂoAdiﬂ%]ﬁadQ wh Bitler pSrfin SARANEiniRS poabh YiectiaNef cdipisthgf tBE
reflecting |light propagated by the active |ayer under
bdmeliry pasyand e denppradmdhe pwell poytiemartlide jviaing posiibhesng for
ele%Lrjc current to pass 5 fromthe array to the
el disypglgn. "5 A method as clained in claim5,
wherein the formng of the array is by formng a
bondi ng pad, an outer portion, and a joining portion
Bl ect Ainegthod/ascdpiedtin ﬁglm Ibavhesein dheepterppraefistah ar alipeent a
ortion:..th ter. partd on and the joining portion
geé}pi’ﬁryfdofrtﬁe ﬁ%ﬁ % lrJan{;tle ts{lgia%é,i pation. 7. A nethod as
claimed in claim®6 wherein the outer portion is at or
adj acent a _periphery of the |i. mtting surface.
§5 g AMGBehETCIaEediia e 6% ciaugmmw °fsin fhedpiping portion
rRle8a bliRalit9 R sk eP Rihing the KRR (28%2nd Y dlitéd polrtiof
spokes j oI ning the bonding pad and the outer portion.
20



