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*159159* 1 Electrical Current Distribution in Light
Emtting Devices Field of the Invention 5 This

i nven “ m\to el ectrical current distribution
in Ilg“‘!mmmmm devices and refers particularly,
t hr oug gxclusively, to apparatus for spreading
t he el ectrlcal current so as to maxim ze |ight

output. Reference to Rel ated Application 10 Reference
i s made t Elestriclfrurrent RistribpyimeindighthEmitting Reicesn
20506301-1 filed 29 Septenber 2005, the contents of
whi ch are incorporated herein by reference as if

Biebt obthednmexrtom in their entirely. 15 Backgroud of
the Invention In nost light emtting devices such as
for exanple, light emtting diodes and |aser diodes,

DRIR Ghhesiti PR fislatEC U tACHD Biirreh? %is@ﬁblftllaﬁ 11§ H % t@%ﬁttﬁfg%vféfes and
the |ight emttlng surface. Were the bonding pad is

teﬁ@ap@@cullarlgﬁbrw met exstussielyt, teappapausfos spreading the electrical
gu e% Ld S8 S ?%tlwfhk ?ﬂﬁ,’ﬁ?tf romthe bonding pad to the

I've region an ol l ow the path of | east
reS| stance (normally the shortest path, in uniform
materials) the maxjimumcurrent flow, and thus maxi num
Relgrencsge Related Anplisaieh the bonding pad. This
results in a significant reduction in the |ight
out put. 25 Summary of the Invention In accordance with
Referens¢ isgnadesto road cabpelingapoes paters appldna'tidn dOéOd3iO§qht filed 29

tt I si . {
e act 2005 Fopt GRS v Rt SripBorbiied oagp oS RueGRb st
algélb@qtﬁeyﬁni@m@{reﬁml}an ohm c contact on a f| rst side
of the epitaxial layers; and a layer of a conductive

metal on a second side of the epitaxial |ayers and

ﬁgéﬂgrllgug oi" ih%hltnvgmiérg I ng

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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[ 111! *000002* 2 surface. Aterminal is on the
light emtting surface. The termi nal has an array for
diffusing electrical current and mnimzing its effect
on |ight output. The array may conprise a bonding pad,
an outer portion, and a joining portion 5 connecti ng

bondi n d an out.er rt| t he ter
BT o teainRhS of et oRbiRk efitbds s rind] o o pray for
ﬂifﬁﬁinﬁfﬁlécﬁﬁbal dlhyeer® Uh@mimedizin® fis BEYct oA lizht itp@dj acent a
periphery of the light emtting surface. The joining
portion may conprise a plurality of spokes joining

[ g t ' e
TRE 387 R S0 Bl AL Bortdl P B 0RO Sdrfth, b 2 JOSLE TP
torglattirentht ﬂabmql;'ng pad amtethe oAlet pontiahj the loyiter pdrtion @aad tidk joining
ref.|etJV%. g;xlg%/ L%a bottom of a trench_in the
P‘?‘@‘HP &Y ?‘%Efn’s 18‘2%’“ © QUIS PLIPR &Y e ptor adiaesnd 2
Pérﬁfh%f}" %hé‘ﬁgﬁtcémﬁth‘%r SArfade. PIHYb Forfish Hﬁ cQIfnprlse a plurality of

abricating a ght emttln eV|ce

mlceuqmgngiémhwdhas)aé apd dTeedutttrpoafonepl t axi aI I ayer S
including an active |layer, a reflective |ayer on a
first side of the epitaxial |layers, and a conductive

TBér8ImdYbeta LERNEIISERR 18¥er bBEveRR ithePattad! ant AeLlignt edli@ing surface.
nmet hod i ncludes formng a termnal on a |ight

| ght

Aliemeative)y stie pecond seflecHie lagerduex be/a ahattgm oftagenchipihedight

array for diffusing electrical current and
%ﬁ}rﬁlngsil?ﬁagel ts effect on light output. 20 The form ng
of the array may be by form ng a bonding pad, an outer
ortion, and a jo rtion electrica
oA ith & SeAsh i) PR hHTE FOUPEESh B ieth of fyicating &
H t&mitthy rcfe’vfé@ aRd héllikeerﬂuﬁir&'déglce%é lezﬁﬁg Bgeﬁﬂ%&lal lalyers

rrent ISSI pation. The odter port

md]lﬂm’ﬁtn atipetayphenyflative beyet orghﬁm mdletOIf (3107 epuailablayers and a

Lo G55 Eorana SN o B RU e b Beti ifides forming

I hemivell bad 1ighyerthittid @i f260 6Pihe %Gmid@h% 1@ta3,8B€f@minal having an

refl ective layer on the light em¢tting
array for diffusing €lectrical 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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surface before formng the array on the second
reflective layer. 30 Alternatively, the nethod may
further conprise formng trench in the light emtting
surface, formng a second reflective layer at a bottom
of the trench, the array being forned on the second
reflective layer. 3 Brief Description of the Draw ngs
bn,g der_that%‘tt?le resent invention may be fully

i} Jipfromef the Byawings ¢ i nto practical effect,
t here shall now be described by way of non-limtative
exanple only preferred 5 enbodi nents of the present
Imamdat thetnthe phasemiasvantipn invay bediiyg underdtooddnsirreadity pu inth @ractical

agc.c anyi ilLustrati drawi.ngs.. l.n..t he draw ngs:
SR BRPERE? ngv 5 Terined P SaP R RR A B2 gl 0B preferred
@ﬂbbdihféﬁtsdﬂ'ﬂhﬁ%bsdﬁit giveftich, tife Rs&HIRABEINg WikitR e Y t0khe
a preferred enmbodi nent of a light emtting device;
megmpangng dllustrativihdiBWingsi ew of the device of Figure 2;
Figure 4 is a vertical cross-section along the |ines
and in the direction of arrows 4-4 on Figure 3; and
IrbthEidgawiagd i s an enl arged view of the trench of
Figure 4, Figure 6 is an alternative to the
arrangenment of Figure 5; Figure 7 to 13 are series of
' i i : i ngL.t he
L R SRRV R NP U BIONI 5%, 20
Peued 2 isch fobemetigpsidomienfoftahweferred embedintenbofth gt emiffing device;
Eirst refsgr to F.i%urf 1 therefﬁ;j.s shown a |ight -
1S 3 150 SR PELVITY LT RFIPVIEE OTF U &xanpl e, a i ght
Biputd 4 G CHrAEe c¥ss-Bedtidt QlongditRéBnesaRd il @¢idigctdon of arrows 4-4 on
reflective layer and/or ohmc contact 103 on a first
Eigyee Bfand plurality of epitaxial layers including an

[Ve: ' . ' tal layer 104 is
Bftbie'icth AEOLADEYor e SR UEFIIR £ o 7s. The
Figute6 is aneallempdre fddibe amyndemennof Figued;t axi al | ayers

and the ohmc contact on the . . L o
F ﬂgure 71to 13 are ser?es of Vcl:eWS 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 boriding 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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reflective layer, or vice versa. There may be only one
of them A bonding pad 105 is provided on the |ight
out put surface 107. The electrical current flows in
the nmetal layer 104 to the active |layer 102 by the
paths as shown with the dotted, lines on Figure 1. As
30 can be seen, the maxi mumelectrical current is

5o o B L SRR e
I
S oo e o e

reflected back into layer 104 by the bonding pad 105

;lggguie §lt(92 'sflé\g %g&éﬁnéf%ﬁggﬁ%}%ﬁgﬂér% f(e Pelfélgﬂce I}ugfegglg Ared used for

how a erred e ere
muaempsnemsaauu siecbréfx n&znbelkq”esamqagamﬁ‘zb UHefe) eheoRting pad
i s changed to "2". Here, the bonding pad

i@%ls rgpllaeiﬂ tasewnﬁymélawrwnm | ayer 215. The terni nal

| ayer 215 conprises an array 214 of electrically
conductive material, preferably the sane nmaterial as
{The tdpomwiil heyep2th &fBprises an mily:2ﬂ4 of eééodid:ctaﬂliy(cahdlqctliz@ materlal

nect to both it 0 05 he |i
GROEON 0 tPbigrol B0 Bondlik BP0 Sl ich el atonber
E&ﬁwﬁtéﬂft@ﬁ&hZ@gb@rﬁhﬁg‘ﬁdd R)5amH thERght %Ufphemrfa% b7 f *rHéVarray 214
fromthe termnal |ayer 215 to the active region

isrdigributed ggerthe surafﬁcst2ﬂ7 Borthad ehatnln@lrcun‘fhtewa\k flay ﬁ@nnthe termmal
f | i t t
PRE B8 B o ge R o SRR o PR ey

uni form over the surface 207. Al so it is preferred

for the array 214 to be of reduced height when

Ebﬁﬁlawéélwrte}[ﬁr@% hppihgibradipaaadd® asits ceRtswAo thertiistebution of the
. ¢ ) :

SR REReI T Py RO e 2207 7850, 7 Bbredeg for the array

Pt éto weoffreduded dhightwhascmnparedwiththe mndingdjad @06t t 0,

20 the periphery of active region 202. Electrically

and physically connecting the outer portion 206 and

ABeh R dh& 8PP Lmprisedar QhBr RBP4 Bt 4GB0t Jaﬂécehtsthe

in this case, four equal | y-spaced radi al "spokes
psrinheny piguriaen?QheThie dp meovidaifop tisht epnissien Homeat, and adJ acent to,

B8 3 RSB RO R LRGN, ol
p&srtlbh eos latlda theprontlingpad 065 isAl jolmgportion 208 fHRKBSinABR case four
gc?u%\llﬁ/ 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

2

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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25 cruciform shape, there may 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 emssion of light fragmlight output surface
207. 30 The outer portion 206 and/or each spoke 208 or

ay. 214 ma ocated in a 211 formed in
2haa #@Pﬂtw&bi)ébffo A ot romsited hE At seion 205 Hager hg aray 214
il 8F ezt bﬁﬁlérﬁl&%ﬂé—bted%zreﬁﬁctivteslaﬁ?t2‘1@W%?&:ffé@tn‘eﬁ@ et 212 may
|'i ght propagated by acti've region 202 under the ar
havp a gyffusingesurfpeessocthati lighewill Ye refletted ot ibyn argle etter tlrmn

RN JORFSREC LR bant e Rty Ty o o e

clirrén tap@serodt ety 2 e th@@cftﬁ}%ﬁréglﬁllﬂ baz.. Tl'mféﬂé&fdgqayérmz is
| ayer 212 is electrically caonductive to enab

éreé%rﬁﬂw fehespmeshaps Ydslimsnyipnsyaragurige 207ag tae ﬂﬁéy 214,

active region 202. The reflecting |ayer 212 is

preferably of the sanme shape and di nensi ons on surface
Z@Ehawn ﬁIhEi@rer @yth@trénchAd | siywot ba ubddandehGreflebitvet la e 2 may

d and the ref] ve | ayer 212 may
& da ey FaBE T hmwémrfaw(%mb 54 $idbe 207
beneat h array 214. 10 Figure 7 to 13 show t he process.
These are Figures 11 to 17 of the related application,
Hrmyral &0 t3n€h0p‘r tb@e)sg:es& ephea¢ arerFigures bl togl Tnefl the; eqbgebd application,
d. .As shown. in,Fjgure af t.er

?Ig(rg‘?)va }grfo C?Sﬁ egap ﬁ&\f"é)r@%g?alp\ﬁﬁlée ﬁ?bst‘%g 4d§{ffné%v§dare
isolated 15 from each other by trench etching from

the newl y_exposed surface 13 along the edges of the

Aeshown i E%Bwﬁ,.aﬁelﬁewél o thesapphirgpubitrate dhdeiesispsare isolated

i B S0 M el 90005 Bl Geted RO caneo
ﬂmmesm)aﬁtshewnflmﬁ 2uids of 10, vathne plyperesistyleyer S(dygproteeting the regions

aved a tion alignment with the
B}E &é@??ﬁ@zli%ef 1f‘f‘oﬁ“ NgRISFSSt ed. This is of

advant age for | aser dlodes as the exposed side

surfaces of the n-type layer 3 are
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(¢) 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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substantially parallel, thus causing a | arge anmount of
total internal reflection. This acts as a |ight
anplification systemfor inproved, and directed |ight,
out put. 25 Pad etching takes place after applying a
fifth resist layer 6(e) over the exposed surfaces of
Si2 layer 8, the sides of the n-type GaN | ayer 3, and
the cent t Fi gure 9(a) and
'BW% Seﬁﬁ%% WB@&&& BGH\P/IP{SHEN 1psigifd 2ragg weposed. The
pesist 690)Ss Aemoved. n-type GaN | ayer 3. 30 The resist 6(e)
is the renoved and a further resist 6(f) applied over
t he exposed surfaces of the n-type GaN |l ayer 3 and

t/b %ngl%ﬁgt l?}?er '6&5% Xp f t Deer e%?‘)g%ﬁ ﬁ%w? %@c?{]fg% the edge of the

(SHOQ wyer 4 throughrto IaQiacérhl ﬁlegx’éﬁteil 6f e @i-t‘yﬁ@G@NQ%e@?» \lvﬁéfea central
d seed |.ayer 11 until the ends of the th

éﬁBﬁgF@§W§§Q“@§edﬂb exposed. The resist 6(f) |s

renoved. A final resist layer 6(g) is applied over al
exposed | ower-surfaces fromthe edge of the 5 Si02

IA‘ﬂ/@T aygl 1t4mfdﬂ)@h ot layexsljl § oEnitypehmetals lateethemﬁp;ﬂ ied omert P eesist 6(g)

ol SPGB oF I SR N e

rmﬂeadl)Sto&h@GbNQﬁye@B F{F fgﬂ: @\)er{‘hé R&isk ﬁ%lsé(gﬂvgﬂ thevl%ﬁé? 188ached,

| ayer 18 at th at the centef of "the n-t

ligieatoved kay ing ﬂaﬁal;gwrel& attachtidrte thel ogntep 17 hEthGaNypaieN layer 3
Qﬁkgy%§6ﬁ2®m§&®$°ﬁ§§gﬁ% ehayer 6(g) with the layer 18
e

attac eaving the layer 18 attached to
the center 17 of the n-type GaN | ayer 3 where gap 17

reV|ous Ioc In this way the seed | ayers
?’aﬁ"%&y e gRef oS ii;rp@eP apgwrcogz%&ayge Play actragreflestasy
tirdde lipRt RGHL, \lvitngEUprHFaE’é’lIS\(a)VBeﬁr& &féﬁ&‘ﬁ{mzhat‘flﬁﬁ ﬁ( ﬁ%rfermg

belng one term nal us not ‘interf ering Wlt
dvithdight otat. sB@csﬁ@pqdécmwnwls lager] Eyiprarrag 2i1410atheayty2&1hyer 3 of

SBaF 19 Bt Rl 2 5n 8 o 0 R, 08 g

effedtondighgoutpet, aef iheehsigntheidgifiisiaidftutrentand i ncr easi ng
the di ffusion of current. 20 Whil st there has been

described in the foregoing description preferred
RREtHERMAS beén 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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the present invention, it will be understood by those
skilled in the technol ogy concerned that many
variations or nodifications in details of design or
construction may be made w thout departing fromthe
present invention. 25 30 7 THE CLAIM5S 1. A light
emtting device conprising: (a) a plurality of

' j bwgayers including an active layer; 5 (b) at
ﬁ@ggﬁﬁ%g f areflective | ayer and an ohnmi c contact
on a first side of the epitaxial l|ayers; (c) a |layer
of a conductive netal on a second side of the
épltax$5gtFﬂV@V@‘%MGCCWHPmﬁgga | i ght en1tt|n? surfaﬁe
and a I t r ace t he
Corm i " oot orRBibaR oW ik Py it
el ect rbr aI atleast@mnt ofin ebmsbmmwerragd lah Sh@kd cﬁﬁﬁac@ﬂn hfigdikide of
out put . A light emtting devices as clained in
claimi, mﬁ@?%?ﬁxF BYSFr ay conprises a bonding pad,
an outgr j t.h
bondi trgg) pag lﬁa)}rﬁ:P B{' al}] g&{%iggttldfee?rhg%p% % Qercghﬁpidg 8{:'&1% %Eit&tqal lzl;?/ers and
and the j 0|hnv1ng arblght ¢rm1rut1ﬂwun@cé <and cur rent dissipation.

ht mtti C din Ia|m
\kﬁ e?el tegme lée}l OB 65% %ﬁ t%gg 516r ace tge aomprlslng an array
peri pher y (ﬂcﬁr diffesihg elbétrieTichifrbithng %1Bﬁxﬁ§rng4ts effeltl (ﬂthght output.
emtting device as clained in claim2 or claim3

wherein the joining 20 portion conprlses a plurallty

of Spokg, Jeﬁ’lkt'ﬁr-lg gﬁ&l@& AQ [h%@cg d-ngcefgmap QN}{ 1qin ﬂlUt grayﬁoglﬁg}ses a

portion. em t Vi ce ’as
bording pad, an ostet pdmuoﬁ artdhqommg ;idmmecdrﬁlealng&ﬁ@ Bovdlling pad and the
reflec | ayer between the array, and.the |ight

SHet P‘i"ﬁf@“ JhiF pYeEportign gnd the Joigihe naRian heing fae gureent digsipation.

clainmed in any one of clains 2 to 4, wherein the

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 light emitting device as claimed in any one of claims [ to 4, wherein there is a

second reflective layer between the array and the light emitting surface.

6. A light emitting device as claimed in any one of claims 2 to 4, wherein the

second reflective layer is at a bottom of a trench in the light emitting surface.

7. 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:
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second reflective layer is at a bottomof a trench in
the light emtting surface. 7. A nethod of fabricating
a light emtting device conprising a plurality of
epitaxi al layers including an active layer, a
reflective layer on a first sigde of the epitaxial 30
| ayers and a conductive netal on a second side of the

epitaxial Jayer. the conductive netal ving.a |jght

o t ¢ PRANSS AR Sivisting Surtacs an s coniitivEmelal ommige 4 jminal
boepisiBEbh hirh for Wi ffiaedy Qbcthib? cGRBH WEH InVBinBhglits effect on light
formng a termnal conprising an array for diffusing
en@bdtrical current and minimzing its effect on |ight
output. 5 8 A nmethod as clained in claim7, wherein

the formng of the array is by formng a bonding pad,

an outsemethod tas clajimadiel caiindl, Rihkiegeip thictfoMifing b€ tHerar@glid by forming
connecting the bondin ad.and the outer portion; the

8 BPRAING BAL, 4/ PULE FOTIRB. ] Ao NS BPFIPB RIS EIAY pemecting the
BPAURE b UREEBLleP oriB, e ol B a8 4 TRhdrilon peing for
paré¢npdesipavdn.t he |ight emtting surface. 10. A nethod

as claimed in claim8 or claim9, wherein the joining
portion conprises a plurality of spokes joining the
bondi nomped agélainiel ialélfm §WhetedNthe ochRer pértion 1B 1QdjRént a
claimed in any one of clainms 7 to 10 further
E@Fﬁiﬁ%@ﬂ@eﬁé\gtrﬁlwgﬁ% susféesnd refl ective layer on the
light emtting surface before formng the array on the
second reflective layer. 20 12. A nethod as clained in
40y onemethod hatlabnddl ihelalf & arrddier9, sdwpsin gierjginimy portigh a
trench in the light emtiing surface, fqQrmng a second
PRIPPIASEE ia@éurﬁlésvéaf%a?keam&ne bAndyrgepadiand sk outerhorion ay

being fornmed on the second reflective layer. 25 30

11. A method as claimed in any one of claims 7 to 10 further comprising forming a
second reflective layer on the light emitting surface before forming the array on the

second reflective layer.

12. A method as claimed in any one of claims 8§ to 10 further comprising forming a
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.



