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A Light Emtting D ode Structure, A Lanp Device And A

Met hod OF Formng A Light Emtting D ode Structure
WOk | NVENTI ON The present invention rel aP@€FSG2008/000134

broadly to a light emtting diode structure, to a |l anmp

device and to a nethod of formng a light emtting

di ode structure. BACKGROUND Light emtting di odes

(LEDs) are widely used i n Tback Ii ghting, display and

solid state lighting. It is desired in LED devel opnent

_to inprove efficacy of LEDs. This jnc¢ludes f rs .

A Lightdmitting i?;!?%?@ uren ArAnap i%vy%aﬁi t V?thqﬁﬁ% Forming A
extraction effilGypnEMIttingDiedé Stfictad ng and t her nal
managenent. These factors are becom ng inportant for
hi gh power, high brightness applications where the
chip sizes are becom ng bigger and the injection

FIELD ORF BNMENTHEION beconi ng higher. Currently, a typical LED
such as a GaN LED has |light em ssion fromeither a top
surface or froma substrate side using flip-chip
bdihdi prgserthinvantian ge@mtesubtvadlyob 3 lighi| esmitting slinsiei situetiire, to a

amp Yl R R AL 1gh B IR Rl T Lcod

as a current spreading |ayer since p-GN material has
poor conductivity. One problemis that the Ni/Au | ayer
is typically only sem -transparent, ie. the |ayer has
BACKGRQWND: r ansnittivity of only about 75% This neans
that about 25%light is not transmtted. Furthernore,

for |arge chips, Imm x 1mm or 5nmm x 5mm.. the thin,
NiLIoHE: Srbtng clobSs (LELE) e Wikt (Seddp PEEK Moo isipand solid
state JiGRGHALIE i< desirzat inSDEBadﬁ\l@@pnféﬁpeﬁgmbﬂoye adffidaicg lof LEDs. This
urren t

. ' . . A, | h .. .
ncludeg BEiory fees APy Bentdn et Al e i ierigens
currentespreddingearitbthibemalaharkggmeou IThese factoFs) atehisaconirgpimportant for
. : t . ]

o G0, 4 S ARL o e GRL P S Bt Sebdt S or o

the infegfipheureents dretbeaersingfhighee LED. Thus, the heat sink is

typically too far away fromthe heat

source, considering relative dinmensions of the active
r égirently. @ typiealddAbssychtas. a GANS-ED ias lightemission from either a top

surface or from a substrate side using flip-chip bonding. There are a number of problems
associated with these architectures.

For a typical top emitting LED, a thin Ni/Au layer, e.g. about 5nm/5nm, is used as
a current spreading layer since p-GaN material has poor conductivity. One problem is
that the Ni/Au layer is typically only semi-transparent, ie. the layer has a light
transmittivity of only about 75%. This means that about 25% light is not transmitted.
Furthermore, for large chips, e.g. Tmm x 1mm or 5mm x 5mm, the thin Ni/Au metal layer
is typically not able to provide adequate current spreading, especially at high injection
currents, e. g. about 1A or 2A. In such cases, the Ni/Au layer can disadvantageously
work as a resistive heater at high currents. Further, heat generated inside the GaN
material is typically only dissipated through a heat sink attached to the sapphire
substrate of the LED. Thus, the heat sink is typically too far away from the heat source,
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power operations, thermal nmanagenent is a problem
which is difficult to solve using the typical top

W@eaovti3xsgl LED structure. Further, to have nor ePCT/§62008/000134

extracted out of a typical LED, the em ssion surface
of the LED is roughened by various nmeans. One problem
is that this typically affects conductivity of the top
netal |ayer e.g. for a top emtting LED. Rougheni ng

consi@éhrﬁig r@ﬁmw& Uﬁﬁr@%? lfbfﬁ?z_@(‘a%’é\‘?ef ﬁf&ﬁto MeOsREraR! TRLE ot igh
that the Sne reflection o e epoxy or air
powey meé?W&Eeﬂ?%‘rmaé MEnegHBRSREARR E@%M’ﬁaﬁg's B%‘%Ué? SRV HtiRg the
typical opasmi¢ing DBD\stractulee exi sting netal |ayer. The
so-called flip-chip method has been proposed to sol ve
t he above thermal managenent probl em using a bottom
efrigiseroto HaEmokp light extradtdteodt lof p {yplitapL BB} the @miissioh surface of
| ati r S d j have its
the LES' @ oliBiohel SR 1008l AGE SHEF plobicf ' Tt RS bl s

ese inc S

condusdyityi af gheaier mateldaves ierey far spohiemittisg bEDr Roeghenimgestdtanegeires

. ) . . , ¢ _

o P B AE o Bl (B Efertoh of Bl oAU S

interfaogeof ey thedPall bRDyGaBIngt be Aveideil dusie, emissiorsviddhe existing egtal

layer.di f ferent applications of the LED can have different

LED architecture to nmake the design of the final
devi ce, conprising the LED structure, to be nore

fL rErgs isblolagle&mg-cmpamhlad drg@ Etie'éﬁj &E%%ea Igb %Eltvjqu? @botd %erman
i.,s liquid crysta i spl a ackl i i.ng. ]
managg e oo LS 2B SiEbips LEDS Flokeye). teiih-siib Sistisss =
relativielyecomgét pfdcess pod ri*.:-lﬁﬁ\t:mct@ hdslesitd @wa Waeﬁ&ge'ﬁ@se include
. Thus. J4.n _t.hi,s case t hi nner and.nor i ght.di ver gent,
aiicufietn Ao, SontRg anel plotamiied s3PEIE §hsiral 6 caafics tight
extraciion.t Furigers sapphirar ldt offeproeesses for ewbottorh hamiadio & ED e ratso

ISt : 1 ,ght emtting diode structure, a
probigiatf, uéh BERicePlouRig 91 P Ll ng a light emtting

di ode structure that seek to address at | east one of

t . . . . 1 fi
6B O S A EAROT S 1 S
LED architecture to make t

e design of the final device, comprising the LED structure, to
be more flexible. For example, one major application of the LED is liquid crystal display
(LCD) backlighting. A thin light spreading film is typically used to spread the light from
point-source LEDs to a LCD screen. Thus, in this case, a thinner and more light-

divergent LED is desired rather than e.g. the typical top emitting structure.

Hence, in view of the above, there exists a need for a light emitting diode
structure, a lamp device and a method of forming a light emitting diode structure that
seek to address at least one of the above problems.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a
light emitting diode structure, the structure comprising a substrate coated with a first
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light emtting diode structure, the structure
conprising a substrate coated with a firstreflective

worgdoenssht an el ectrode coated with a second rkET/8G2008/€00134

material, one or nore layers of light emtting
material, the layers disposed between the substrate
and electrode wherein in_use, the first reflective
material and second reflective material reflects l'ight

reflec@iVé n‘i’étehé'le ahtdIE&ttddeCcddtad aﬁlth' Qaﬁcoﬁﬂerehé&bé rﬁﬁ?ehél' e or
fromthe el ectrod

nd i n adrectjo
mOFeZ%.y te “q%éag’etﬂ%@awt%r@itth% yfef% 'apgﬁﬁdf%fé\@emghe&%wg@nd
electrade; Waagirsiawises e firky twleetd@ema&tiad afd skesilt refiBgtivei rgdkerial

erech L 4R GHHE SRR R i B b B A8

directiom agayoinoruitiee eleetrédeght em tti ng surface, at | east one
other light emtting surface may conprise a |ayer of
reflective material for enhancing |light em ssion via

s Sail arleastioghtligbhemittinggswiace acay. cdropride ghigzagisas temth type
via one light emtting surface, other light emtting
surfaces may conprise a |ayer of reflective material

for enhancing light em ssion via said one |ight

eald hNBastbricfight emﬁmﬁl RIFRES $eay BYMBANBA I8/Rr ¥ passivation

el ectrode material of about 500nm thick. ThHe structure
materig] fonyedueing fghtrreflastie. a rect angul ar bl ock conpri si ng
two | ong edges. The substrate, the el ectrode or both

e _connected to a h si.nk e fir reflective
e el SR e v e BT erTLEs  in ol fesst g Gheh iont
emlttlﬁgrmfrlase rAgy oBimpbise htidyer Tdterdfietiple rRitdrizt tibiv enR@icig abht
b‘fl ol@%%rﬁ#ectl e material may each be nore
emlsﬁ' Y]‘ae?@ Sy cor dance with a second
aspect of the present |nvent|on there is provided a

g%ggg&-gtvénﬁc%u&g %rc')l% &ﬂ\taetnﬁ tM 'rfta§ 3 ré_}h%rj I%&l eg‘hﬂiltlé isﬂrgaces

ures, ruc
may eaniseaa Byeoalt reﬂetwve tmatefialrfert emlta‘ricmgthghéemmani\éa saidrone

light Shitfly' Qice.

edge

The elecirode may comprise an electrode material of about 500nm thick.

The structure may be in the form of a rectangular block comprising two long
edges.

The substrate, the electrode or both may be connected to a heat sink.

The first reflective material and the second reflective material may each
comprise Ag, Al or both.

The first reflective material and the second reflective material may each be
more than about 10nm thick.
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coated with a second reflective naterial, one or nore
| ayers of light emtting material, the |ayers disposed

wheiwasrs4t he substrate and el ectrode; wherei n PCT/S6H08/000134

the first reflective material and second reflective
material reflects light out via at |east one |ight
emtting surface of the structure and in a direction
away fromthe el ectrode. #he plurality of I|ight

ggﬂ.ntnag:i(c::?l%gﬂbé)qﬁgfg %&Hq?_ Qﬁtt?el %‘F&én@ Ql'\l/é/ntmn there is

ural i t
providiichal iargp geviee p@@pwpg aaoh@abwtqf fight] qry'ttwrﬁﬂ@gq aiaithes sach

struct%?é; Ecgrtﬁﬁns-ﬁh’& a@%@ﬁ‘éﬂetdba@gd Wit Bt flrgmeﬂ'lébm rﬂh@ﬁl@l an electrode

res e electrically connect u g.wre
coategowith g serﬁ@d|r§ﬂfpterevm@t@rﬁhy°ff%ﬂrh@Pf%i%ﬁ' lipht Rmifipe
materflélrtrfeqal&gtdl skl %‘éh;/éérpﬂﬁibtdm@sﬁbt@rﬁd &lgcipddd; ivHetrein in use,
uctures in a ion,
o ol by =0a] Ll Staeve gl Pl B afie Bt
one light &hitthgpsipRet obthel dtrichire aadin a directidnomyayt fremehe electrode.
provided a nethod of formng a light emtting diode
structure, the nmethod conprising coating a substrate
WiThee (#urfalitysdf light bmittingy eiodatstnichires owat hen gleatricallye connegted
in pa?%l lh a second reflective material, providing one or

Pe | ayers of light emtting rmterlal the | ayers
d| sposed between the substrate and el ectrode wherein

fhllé eﬂ%lra'il ot | Cofl I h?krr{ltﬁﬁée?ﬁhbvﬁr h@éy 58 dIe2faIMf connected

. erla cts out of the

in SelSQSr ucture via at least one |i ght em tting surface and
in a direction away fromthe el ectrode. BRI EF
DESCRI PTI ON OF THE DRAW NGSEnbodi nents of th
i AenRlbeaity@f lighb emitting ejodgrRiRIciss d'anke P@&quaily connected

usung?\ﬁi?é‘b@ﬁ@m §o one of ordinary skill in the art fromthe
lowi ng witten description, by way of exanple only,
and in conjunction with the dravvi ngs, in which: Figure

1(me iaﬁwpad@né@ﬁﬁyifurthérpcomwedé agsiagfof reflebiirgatightifcben the
pluraugicgjgi{gem t |ng ée sqruc{uBrgé‘ E\D a8dired i ruec§ot'1n an exanpl e

The casing may be in a spherical shape.

In accordance with a third aspect of the present invention, there is provided a
method of forming a light emitting diode structure, the method comprising coating a
substrate with a first reflective material; coating an electrode with a second reflective
material, providing one or more layers of light emitting material, the layers disposed
between the substrate and electrode; wherein in use, the first reflective material and
second reflective material reflects light out of the structure via at least one light
emitting surface and in a direction away from the electrode.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1(b) is a schematic side view diagram of the

structure. Figure 2(a) is a mcroscope picture of a
WB3WEDISEr uct ure sanple. Figure 2(b) is a schePgl/BG2008/000134

di agram of the BSLED structure sanple. Figure 2(c) is

a mcroscope picture of a control LED. Figure 2(d) is

a schemati c di agram of th% control LED. Figure 3 is a

graph of Iight power (mm) “versus injection current

( EMboiHEENts oP HEEHvERIdRl will %e%e?@?%ﬁge@%dtanh realil Q&?éfent

fromboth the BSLED structure sanple and the control
to ongpf, °@P@‘i¥r%‘“h"\ theqarg fegsm thy fQ!‘QWF%W”K‘ﬁ'SA)C‘%@i@'G& by way of
exampR drivganti ¥ coffugttiod vifretheidpawings, e midhe top Vi ew
di agram showi ng a BSLED structure in another exanple
enbodi nent. Figure 5(b) is a schematic side view
diFggreaniapfs 4 beheBGitERbS Uiewadiagrem dfisgieroed 6ida)ighiseraitting diode

oS5 TR g RS D, 2 PO D L et

schematic SI de vi ew di agram of the BSLED

e MG o R St i e R of BBl 0

parallel in an exanpl e enbodinent. Figure 8 is a

S FRARRS(afis HRroSb S SILAR R BIIRIS L RAdrBYatipfe. BSLED

structu es connected I'n series in another exanple
enbodi ment. Figure 9 is a schematic side view di agram

S PRI I9(0f 4 &%ﬁ&.@&.@g\@mfeﬁe BS[E@%ir@&uﬂe%aﬁr’Hea' | el

using wre bonding in another exanple enbodi nent.
Figure 10(a) is a schematic front view diagramof a

| #FFreiR) i6 @ ribrodssid wttuRxciaioptremEmi nent . Figure
10(b) is a schematic side view diagram of the |anp

device. Figure 11(a) is a schematic diagram
I IFigusd 2(al) isragschematid diagratrogf tiestdritionlgED.ED fitted to a
light spreading filmin yet another exanple
enbodi nent .
Figure 3 is a graph of light power (um) versus injection current (mA) when a

power meter is disposed about 1.5 cm away from both the BSLED structure sample and
the control LED.

Figure 4 is a graph of current (mA) versus voltage (V).

Figure 5(a) is a schematic top view diagram showing a BSLED structure in
another example embodiment.

Figure 5(b) is a schematic side view diagram of the BSLED structure.

Figure 6(a) is a schematic top view diagram showing a BSLED structure in
another example embodiment.

Figure 6(b) is a schematic side view diagram of the BSLED structure.
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Figure 11(b) is a schematic diagramillustrating a
BSLED structure fitted to a light spreading filmin

W@ b@axeEwpl e enbodi ment. Figure 12 is a schenaR@TSG2008/000134

diagramillustrating a BSLED structure fitted to two

l'ight spreading films in yet another exanple

enbodi nent. Figure 13 is a schematic flowchart for

illustrating a nmethod of for ni ng a light emtting

di t; ' =8 ' t b ERuctures

DE@%% zfﬁglts%egnééﬁ'anp g e_n‘oié’=1 Tﬁﬁ? gir%(g‘gctﬁotﬁ%er ein
connesiad ip peralleldn B s¥aMeRle SEbeAMESki t t i ng seni conduct or

light emtting diodes, e.g. G(ln)N Sapphire based
LEDs, so that it s possible to e

L \ ] ¢ hance |ig
eXiguER i Bre eFraneatiendiye Viayt Aiageam dhshtne anél:%l?\ﬁt?\?tures
connctisl ineNdiR aRBmher dafiplslesbedimbnteedom for e. g. high
power and backlighting applications. In the exanple
enbodi nents, a side-emtting LED can have |ight output
f Fgurore b soherstic etdd pietvedidgaim fshowing hteot BRLER rstactiures

or substrate.end. as I Ri Lcal G(ln)N
conniiiad R PP uRIBge FgliTh Shof, SenitmbtheE; o aa
areas of a side-emtting LED (BSLED). Figure 1(a) is a
sk tnG\ L ' i . . '
G 5 1, SRt A T, ol ST Wbl 10 Bnper
examplesambtidirgerdm of the structure 102. The structure 102
conprises a sapphire substrate 104, a n-GaN | ayer 105
formed on the substrate 104, an active regi.on having
arFiguieAR(by isentobpmaEs ﬁldgwewd'%afemﬂwerlémﬁégw% t he
n-GaN | ayer 105, a p-GN |l ayer 106 forned on the InGaN
quantum wel | structure 107, a p-contact 112 forne
oo i I SEheroRl e s eI SR E contol W emEbige dted
to a igHPSHréNirRy Rdn yéth@othef8Rarhsly embd@iment. he | nGaN quant um
wel I structure 107 and the p- GaN | ayer 106 form a

light emitting area 110. It will be appreciated that
urrigured 1B i8 arBohehaitip dizgrahe diubtedting arBSUED stulviire fite toCAlight

and the p-GN | ayer, 105 _.The structure 102 can be a
SPFeQGEfH ftgrgérégweféﬂng@%@%o&rgerghd grown by netal organic
chem cal vapour deposition (MOCVD) using typical

grﬁg%rg ﬁqggis[ﬂi]e%é:ﬁc q%b‘?am illustrating a BSLED structure fitted to two light
spreading films in yet another example embodiment.

Figure 13 is a schematic flowchart for illustrating a method of forming a light
emitting diode structure in an example embodiment.

DETAILED DESCRIPTION

The example embodiments described herein can provide broad area side-
emitting semiconductor light emitting diodes, e.g. Ga(In)N/Sapphire based LEDs, so that
it is possible to enhance light extraction efficiency, increase thermal conductivity and
provide more lamp design freedom for e.g. high power and backlighting applications. In
the example embodiments, a side-emitting LED can have light output from one or more
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exanpl e of the LED structure growth can be |ike
follows: firstly, a low tenperature GaN buffer is

wQ@e@an3ismi t he range of about 5200C to 5500C f oPCESG2008/000134

t hi ckness of about 25 nmto facilitate the nucl eation
of GaN on the sapphire substrate 104. A high

t enperature undoped GaN | ayer is grown to a thickness
of about 2 mmat around 16200C, fol | owed by a highly

sides 91hal>’cée§‘cp Bt %Hﬁ%el Pesfur@f;e GRNuBktidle téf'\kif: ke %&ﬁlbﬁéd %Rfélé typical

function as the n- GaN | ayer R
Ga(lnm)bﬁﬁg Peterehh. éw@tj‘sm'ﬁ@d fipmdhe Pead sigemet %ﬁrde -emitting LED

(BSLEMY. ti -quantum wel | structure (MW structure 107 is
then grown. In the exanpl e enbodi nent, the well
t hi ckness can vary between about 2 nmand 5nm the In
cﬁgm@@ﬂ(d) as axschamatiatop Imeﬁvvuiegraﬂx afnd BSLtEDaamdtdre 102 in an

B L R N e v

The stragtares102Tdoenpliyesia pamphpe swaltaj@r aJlGGaNstayfer hed fopmed omthe

subst&a?aq in? Cé%"t\@é f’eg{ Via?/g\lé anSIQGQW Lﬁ’:\nﬁ.ﬁ)\g@gﬁ stT rb‘?ur@ 1‘69 %rﬁfe‘d on

n-con are evap usi ng
the niizsiirayenpel, & p-GaNoleyerpl A6t fermer o8 Yl mﬁaaahquaﬂtur@y@ﬂ structure

107, é'g'c%gt pf’fﬂ% m@dq&?ﬁf w@aﬂtl?‘%’ f16§ BRAL L EIMRRE 344! MPe@BPphire

I ent as anbient for n-contact and air

substem i18fhtthe @rG?N éQYﬁf aes, th1> N@aNt quanium| wellestistirerd A and e p-
GaN tlager lPoeGRJHnlaawg@ﬁ eﬂrﬁlﬁngﬂaﬁéat 119 h%ﬂ 88pRRRIAdEtheLTopad GaN

are EFOVI mrrors respgctlvely see

may be)proyided ket e%ﬁ]ﬁ%‘*’%‘bﬁ%ﬂ@‘é?%ﬁ‘?aﬁ'@@ﬂ e Pt tering to
reflect the |ight fromthe light emtting area 110. In

t heexa e od| e mrr 18|scotedon he
bl e esEt e e ccao b o el e (P ok, A o By Aéia
orgalﬁd’r’@ﬁéi‘hrdient/apduhgieﬁeilwdn guathvidy uingt ty@nca:agmmm eonditions. One
t n _be A r nat i.vely,, a
exarpfa i e Forilclfs GwPLed s BV 1 4 o8 R eiafie can
buffepisrgrosein fheeatgepofrabival 52G°C 1te 551G Tor futhicknesa ©f agout (26 nm to

facllItQterqI;‘liée"’\Jmucﬁa‘%m;:r‘l?‘%‘c a(.%a]l\? h nth& rk%f?@@@hﬁstr%@ 9 911 ”Rm'?%g]ﬁ?erature

p- et ntact can conprise
undoMad @daN ¢ayeN|s/g4’g\N|mto Athicknéssgpf @bowttZhem atelmbndl 4020Gsfollowed by

a hlgfel}q Swg‘g{b@%}eé?%ﬁf%a'ﬁ wht§ 6%%%3%8‘0% g:p? %@&é Yo f‘uﬁ%t#o%sa% the n-
GaN tayec k0t dtyps doping istdvhieved osihg SG#MThe IyGahMN mettiruaboiot well
srocl R0 MRt 167 S IR 18 B GBS
thickmess a¢ani vary dpsbaeeredbetftt 2mm and 5nm, the In composition x can vary
between 0 and 0.4 and the number of quantum wells can vary between 1 and 5. The
MQW structure 107 has 7-30nm undoped GaN confinement layers. The Mg doped p-
GaN layer 106 is finally grown to a thickness of about 50 nm to 800nm. The p-contact
112 and n-contact 113 are evaporated using an electron beam evaporation or sputtering
system and alloyed using thermal annealing at different temperature and gas ambient,
e.g. N2 gas ambient for n-contact and air ambient for p-contact.

In the example embodiment, the top p-GaN layer 106 and the bottom sapphire
substrate 104 are provided with metal mirrors respectively (see 112 and 118) using e-
beam evaporation or sputtering to reflect the light from the light emitting area 110. In the
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exposing a n-GaN layer (not shown) using pl asma
etching. The n-contact 113 can conprise Ti/Al or

WaRgosi3iBY Au. The n-contact 113 is either connkCT/RG2008000134

the bottom sapphire substrate 104 netal mrror |ayer
118 or directly connected to an external bondi ng pad
(not shown). The BSLED structure 102 on a chip can be
packaged i n between two nétal heat sinks 114, 116 to

examﬁ@ Elrﬁlﬁ\@tthé’ hﬁﬁbrpﬁts' i9BostHd | 'oﬁ Ghd barksiae e Eheosﬂ.@%@étb an4. In
e exanp nmbodi nent, the structure 102 is
the exemntﬁ gmbPP'"t“ﬁat ttt&h@e?t FRAtNG 08 thesa %@@98*?&? g Pe Egﬂﬁ Al.

Alterntragvé'lve ??&&blleaéld? pbfshed lSé&Blﬁ@h@Bb?f@te&Pﬁ& b&Q@sed for this purpose.
S ive 0.i n¢rease e e cti t em 0
The tgpoetaH el RS oo sk R o il B 30 SPDe
embozslrriléhoﬁrfhlermuggg bepaﬁt&@ostabmmww mnsamme/mu Ni/AIrortNidg
m o n_x.200. ur
or NG sy e ti0ug b P A TR P s, doss
than ébugg 1enrdee grat&sut Seratandrise Ag mrné«httmkmeis is Taer th\Em @hwttﬂOHm
u 50 ass m ng th t hi ckness is
e.g. b&&%ﬁ?f‘ ag]%gu t %B’ru%@{o l? %P%I)?Etgr per son
skilled in the art that the light em ssion area of the
B e o B B o e S R e
expoééﬂ]!gfj% @J_Ga:lsiayenc(nanﬁowﬂpnaag epldshiy eﬁ:ﬁ[ﬂlg fTbetreontact 113 can
ve .l i des (co r , r
°°mpf'ﬁ%ﬁ":/ %L of |1J|‘(8‘Bﬂ§‘ﬁ‘bdﬁ?r gtcﬁgi%%t éér%%telt%gro%odn&% Stgsttcﬂgp&rtltg m
sapplfireo sulistrates il @ medll sirtan layes t1Gpos dtrécalttecoenegsd d@ annexiernal

bondﬁwg%@E@ot‘Fp vﬁ{)r $hb L§§_E|Ij Qtr@t{t%hﬂfz 8%%"79#@ c@ﬁtﬂédbé@%ed in

ure sa cat ed r npari son
betwasgint twoamatahipeat isinkg 1t19p1 tato enhgnesrheat; digginakion dét‘ﬁ%@'%§°ﬂer
oper{% trol LED. Both the BSLED structure and the control
are fabricated froma sanme piece of LED waferwi th
an em ssion wavel ength around 530nm (e.g. green col or)

grlFP‘ﬂ% %nﬁl@%%&m@hﬂﬁte%bﬁf@ﬁﬁé%fd@ éildlbﬂ‘talt ﬂte%tructure
a mcr sco&gsgn cture

2(a) SLE
102 gvdh.a aice '@raqttmt% bresty fpte ep)numergls 1%%%?&( i tﬁsaa?*yﬁw to
incre®de thB efEstivERy it dnbiSdioH Sred aFg exambleggiven 2(GaN wafearea of 1000
S S eSSl B S £ 58 20
um bar. The total light emission area for such a BSLED structure from the two long side
cross sections (compare 122, 124) is about 5000 um x 350 um (assuming that sapphire

thickness is about 350um).

it will be appreciated by a person skilled in the art that the light emission area of
the BSLED structure 102 is larger than that of a typical LED. The ratio of light emitted
from the two short side cross sections (compare 128, 130) to the effective long sides
(compare 122, 124) is also more than 15 times smaller than the ratio of light escaping
from the side walls to the top surface emission in a typical LED structure.

In another example embodiment, a BSLED structure sample is fabricated for
comparison with a same sized typical top emitting LED acting as a control LED. Both the
BSLED structure and the control LED are fabricated from a same piece of LED wafer
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In the exanpl e enbodi nent, the BSLED structure is
about 5000um | ong and 500 urn wi de. For both the

w@owwnsls41LED and BSLED structure, the netal | ap€r/sG1008/000134

the ncontact conprise 10nm Ti/ 300nm A/ 10nm Ti/
100nm Au. For the control LED, the pcontact netal
conprises 5nm N/ 5nm Au %nd for the BSLED structure,
the p-contact netal conpri"ses 5nm Ni/ 5nm Au/ 500nm

with aﬁ' emnIé’lSn dddeibhdn akoutd 350nAPRY. R dUBrPErolviorPS @BLIRE Iside

a for the BSLED structure acts as a mrror to
pollshpgﬁagetyrq §u9R¥28nd to allow light to emt from four
sides (compare 202, 204, 206, 208) of the BSLED

t ddi ti LED d L
S Pl HpEis A RRPL BBtne AGomAShES Arvasgampls T A s
a schéraeticsdialgramfof tHecBSIeEip stticture saaypieh Figeres2(bjsit matiemsospengcture

of e GoRFLRG PR 1HER Bl Sebdh SR PUREEDED ohcer vea

in Figure 2(b) is the netal contact pad on top of the

S Gk Q%E%L T r?gm\érﬁutng@Sréﬁgstl%%?ealglaﬂgutlﬁbg&?rﬁ 18y 500

exanple e structure

um wigignfeo boththe @petr@lés'ifé@né;BSphE&astﬂg:wﬁ, theemetek lawersi fpe the n-
contabt Mﬂrﬁéh ORACE/ SothnAR QBRACE) PitFhSh AQ FErQRE cShtAd ILED, ki p-

used for testing the BSLED structure and the control
contagtemetatrpempfises oﬁneh Nﬂs‘in@b A ANG; e then@Sigxdp Etbu‘étt“ieu dheypeontact

meta@%phls& SN 8hmlAzP5806m p\mwhélaeambrha{ APBE afboﬁpmm RASe p-
ation with the res

contagh aibe o 8 HS-o Ay elire At 5o (b et Bk 35 B Sl g to
emit fAdd? fodif sifieg (ompd)e 20‘@@51@31@5@8) gﬂae BS&EsttrﬁJtctage. n \Agdrga;mhe
contrel 10, B e BCLER tvgiite Brotl he Botlgooh Bl lertitie <t on. the
backsidendfrthé rédpbctive sapplicnsuatsstratestusinghebeamp peapdiation afsputtering
o o0t BBaf e Rl AR o BB BE I g
is thetnhﬁalmonﬂaet pEdain top of hedepimmeparantoNitAulcuientspeerindg layen

both the BSLED structure and the control LED. The

di stance can not be smaller for the control LED due to
r éistheixaimplesngfoditesnidhe BSLED syucturreanddpe epmttal LRE are tested

by prn%lﬁdJGﬁ H‘\%ﬁ‘"eéﬁecﬁ\réep-ﬁ&%étcﬂadé EFR:I n-gaﬁta&oﬂé%l% Aptdde statlotn HS used

npri ses det ect or IS an active, pa

fo tepeing BPHEP FigRTeaand tharkABRosLED gite sed cBipe Gantining the

BSLED ghatife f200 t6d SohtA LIED éx'éepLﬁQﬂYEEtly"a{ &rooppérobasdOck tﬁ@%ﬁ@oe
theresults for the control ED and pl ot 304 shows .the

statlop e\glm the respertive BSPREFs fiFes (fAging upwvAds (compare orientation of

structure 102 of Figure 1). The copper base can act as a bottom heat sink (compare 116
of Figure 1). In other words, the sapphire substrate of the BSLED structure and the
control LED is in contact with the copper base of the probe station.

Figure 3 is a graph of light power (um) versus injection current (mA) when a
power meter of the probe station is disposed about 1.5 cm away from both the BSLED
structure and the control LED. The distance can not be smaller for the control LED due
to restrictions of using probes on the top emitting structure of the control LED. The
power meter comprises a detector chip that is an active part that reacts with light and
converts light to electrical signals for display in the power meter. Plot 302 shows the
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‘—%h&H-ef—W&VWh—ﬁ#\? mmwm‘ﬁrﬂd t+o—-the BSLE;}Y
structure. fq'ins could E\Q due |t 0O Tge noh>f 1l at

the BSLED structure has a |arger |ight divergence
angle in the p-n junction direction than the control

WO EDYasId45i nce the detector chip has a |imtedP&i/8&2008/000134

t he absol ute power read fromthe power neter for the
BSLED structure at the sanme distance is smaller

(conpare 302 and 304). If1 onsi dering |ight em ssion
fromtwo | ong edge facets @corrpare 204, 208 of Figure

resultg Jor &e &nkrof (B aﬁcﬂﬁl@i 304 shewB e redOits forfid, BSQ_@@) stRRBir&fSince
D structure, the tota

the B} EFudire oS AP PE TR BRM S A aie e prdRdrjoR BRecign than

the cdritridl BIED ano BPaE & deteétbhcHip Easlam“h'l’téh sle,Dhé}EabBblli& power read
njection curren of . curre
fom R i PR 0 gD et i S, 8 s " beogpre
302 anéh 804)o i comdiddriB ligittcbmussian #MoM ted tong etibe facesutorapdrer204 h208
v
of anﬁ@%ﬁra@ o eﬂcbﬁ"PQWﬁgﬁr??{%??% b Céur%{fﬁll%ghﬁQBSLED
structungr therfotal mcrvm ig higheyatdove cunrerits than thaitepadnsitiing eooival dEeahd
; Sbekrld d Il er voltage at

°°mpﬁ'%8ﬁ \@!&?Pgnts é\?%%ﬁ%‘g &é{:‘iﬁﬁc éérg%ntrol LED. Furt her,

a chromaticity nmeter is used to neasure the |um nance

ofF.an& %A Biaph Bh Butdrt WhhSvéases i 6 dgﬁ PR bE shoEtnaWesult

can be observed that t D structure
for thg, &9'1%&{5& and et 494 showmtheggsylisder B}eo%%lr'iﬁ) S8ustwen Ittge be
obsert@P trRftHe Bsm@ efttidtale hdslheter -8 Gfarsdteibies AmigPeLifréhts than

the CTHA Thidt S elspbe Fhsie et LoF PR STufeg by

voltagerat Alydaubentg aetémpareliyo theecohtiolLES netal contact | ayer
of the control LED. The difference in the x, y value
bet ween the BSLED structure and the control LED is
siFgrihdr| aahtonaatidityc enetdres sisedh t@ memslng ths ldninankef dfellED tchips.
j ' ] I onal Commi ssion on |l lum nation
The r%)%ltl%?éc%hr%‘ghnamﬁrég%ﬁb%l%g}gram (not shown). The top
emtting control LED has col our shifted towards a

transmtivilt2p of thel 45 Au verd680 vvavel emguh vvhe!ﬁ.688

BSLEﬂ@ﬁi passesihrough—ith top—; ct—of—t
control LED. "Thi s abs%rg%i ng éff1ggwapm Q??‘Sto be 'O%Q1

el.i.m nat ed [i20 t he BSL46B st r uct73neo 0.228 0.731
Top emlttlng (S4)
40 6.00 114000 0.224 0.742
Table 1

It can be observed that the BSLED structure has better electrical and optical
properties than the top emitting control LED at large sizes. The BSLED structure and the
top emitting LED shows similar luminance. The (X, y) chromaticity data also indicates an
absorbing effect by the thin Au metal contact layer of the control LED. The difference in
the x, y value between the BSLED structure and the control LED is significant and can
be seen clearly as two different points in the International Commission on Illumination
(CIE) chromaticity diagram (not shown). The top emitting control LED has colour shifted
towards a shorter wavelength side as compared to the BSLED structure. This could be
due to the non-flat transmitivity of the Ni/Au versus wavelength when light passes
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In the exanpl e enbodi nent, the BSLED structure can
advant ageousl y di ssi pate heat through the top and

weawstsEee surfaces (ie. via two heat sinks), PEI/SGZ0&000134

contrast to only through a bottom contact for a
typical top emtting LED or only through a top contact
for a typical bottomem sgi on LED (ie. only via one
heat sink). This advantagé can be inportant for high

throug thl hép $SetaldoBiacPoMvBE cafpd]iLERL TARSabeb®mg difecCilifeal tdde

I ar er than about 1mm2, and the injection
e"""”@%ﬁr‘%ﬁ? EF‘%‘LQ':I'R ®g. larger than about 700 mA.
Anot her advant age of the BSLED structure is that the
|n rLent
ﬁﬂtrhgrgXa% o ogrg%ﬁt Phe%hl.'_%gt&[clﬁﬂg %t/e 8|d ?%?ouglg%gs%ate
heat thnwgh Nlle/ tAu. dndysaibstvate Isunaiaaelal (ek viedwo hboiusinic), iBstarisnontrast to
only tl(rBQ%WQBSﬁJ:rh %Hﬁtﬁct%réﬁ%lc ngﬂgmgfﬁﬂ;ten - ggénl%th‘?%gﬁ% contact
for a tynigal BOMEmissior. LERfiehenly viei onseheat sink). i Thimadvantage can be
.mpor@ﬁmortm@nsn@{tﬁégs mawowe%ﬁw.daﬂoﬁmh@m#é b AL 2 Hig) e.

g ht em ssi on D structure
largerﬁh@h%boui ﬂ'am, n@Rd heiinigction sHrantis Bigh «@-g1 letger than@aevtﬁogﬁm
Anothbh@d\@hfa@é\bam@B$Lm§trmr§s¢ 3t %Q@rr@ﬁt épP@aoﬁéLaEm.gh |nject|on

turgﬁlslar rthanatmg % | |'ow ng
curm ef&% n dypical fopemilting) LS F*h‘y?‘ﬁ 'yegeedhm'(f&t ‘GV% with
a th|oan§§sh@cpow>«:|mymirr]rasmﬁb(@dmﬁa@t Flfgﬁredﬁ)siﬁf Itb@ﬁ)EéwEa‘bWof @e BSLED
I Npr.ovi n | t racti on ro t he ruct
structyB o e BampamBodimeRt (T e e MGresthan AORN, Bicky Further,
since \hezwy isl nageatihtraheparery raetBIafd intthel emissiorbfath it damptmerhght

emlss%)ﬁa{H%OB%SaLgrB; .Oc?ﬁghgs E%ﬁs{%ﬁ t?%{tlv‘?y tﬁg%%%‘?qn%tl #EDan addition,

the otseavapledigbindividsion atea df e BILHDstsuotwre islnrmebRnadppcal $ED.
side wall passivation (see 504) fornmed using
dielectric materials such as Si2 or SSONwith a
r Eplieveing dhe coripariseneflacengyo! biblbwithithe BSHED sfrusteret anather

{
examBFé %@:btalld g‘t‘é‘fé’ |Qet§é§%99§c? tb%ﬂ)(\:nfw?f,ﬁ?}:bflﬁé n@p g'%%téog from the
BSLE&StWrﬁé\Slﬂﬂdvaﬂtcoﬁmg be appreciated that an

addltlonal process step, such as for re- p03|t|oning
e str cture i s taken to deposit the dielect

furs ST st sherdatisdon e oEaMERMa & BLED structire 502 in

another example embodiment. Figure 5(b) is a schematic side view diagram of the
BSLED structure 502.

In this example embodiment, the BSLED structure 502 comprises side wall
passivation (see 504) formed using dielectric materials such as SiO2 or SiON with a
refractive index n value of about 1.6. The dielectric material can be deposited by
chemical vapour deposition (CVD), e.g. including plasma enhanced CVD, or sputtering.
It will be appreciated that an additional process step, such as for re-positioning the
structure, is taken to deposit the dielectric material on one side of the BSLED structure
502. The dielectric material with a smaller refractive index can work like an anti-reflection
coating to e.g. GaN based semiconductor layers and can easily reduce the Snell
reflection from about 20% to below about 4%. The thickness of the dielectric material
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502. The dielectric material with a smaller refractive
i ndex can work |ike an anti-reflection coating to e.g.

wW@R0M9h3sed semi conductor | ayers and can easi | yPCESGZO8/000134

the Snell reflection fromabout 20%to bel ow about 4%
The thickness of the dielectric material can be chosen
to be about 1/4n |, where is the refractive index
and | is wavelength, to fl]Et her enhance the

can bé‘Bﬁés‘eh% beabb@n /41 £ &fHere 1Y the r&irR R AGRICEHAUR v Rlendth, to
cal top emitting LED given that a dielectric

furtheba?gaam ﬂ@nantss?@?ct@an#iﬁct igdeHne rﬁdé(aﬂfsge et & tgicektsp
emittiSd DED JileY Bai & dibléﬂ?ﬁ@baéé%il&ﬂayélﬂé‘eﬁhopﬁe uesd of a Htﬁemlttlng

surface of the t tting LED
LeD drseiherds Adiseconad Riban mpule Bror SHiter §f BRaFcal top
emittihg D, em tting | ong edge in the exanpl e enbodi nent
(see 506), the other |long edge 508 is coated with high
reflective dielectric coatings, e.g. using pairs of
SIfGRIE ar€rred tSha¥y IfgihB Mrhissianhramaohly reerei light emittivigclong edge in

the ofimBle WRLARRMALBE ORI Mk el 1o o8 oS ABRECURA b

erson SKi art
reflectiver dilectrio aoativgsheeg. usmganalretot BIEH/TiPder SIQL/BisNs willy eachshaking

e A R
the artithatt this cayi bejcarried owt eithenon Ay etahet isidguralieusing @ sidealeposition

techn@\ﬁ@ RPEALLANNE %tcihﬁﬁl 'sf&l’éﬁ@ll%%ﬁ | 5di@d SRy Eéﬁfh'lr@ %ubétFaE%ﬁér chip

ppreci ate nore process st ep Is
bar diiag &isiag Iei fgeet cetinadeehniusi &g- @clveantev,amfaﬂﬁg opiPnchERyn aRsisted

sputtéringelt Wil bW éﬂpréﬂﬁ@d Bt PR rrﬁ&rbaﬂrg&s& hadp sheksh & haleds high

dges can al so be coated hlﬁs reflective dielectric
reﬂecewea@'reﬁa@cweam%@e'w ghtides i wiljghie e éﬁl?réﬁ'ﬁgﬁddh%t ‘T’Pgﬂ'?f’rt'

side edgetst tdi) als@nBe @deRd high defddties . dlé‘?&itﬂl@%él‘&g&h@ enhance light
descri ptj on nt of inproving

emisgiqnffAm WP&%??W@"?‘V‘B%?"F‘B@%%%UP S€8%-ucture using facet
coati ng, another exanple enbodi nent is described bel ow
f i mproying |ight ext ctlonfro t he
ST PlRPRpege HeasrBlibe X BoiERIPrGTb BeRE o8 (prodng, isht
extrastine e cthieo BSLEDRV st'nagnramusimgv\nfa@t acdfingD aratiert wixemple

embo%lﬂ'ﬁeﬁtn aﬂé’éé?g»e eg&g@l %r%ﬂ?g?néi}éﬁ r]ihht Egﬁ %n61(r81)n ’th% BSLED

i C Sl vi ew di-agr structure
structBiGusing surface roughening.

Figure 6(a) is a schematic top view diagram showing a BSLED structure 602 in
another example embodiment. Figure 6(b) is a schematic side view diagram of the
BSLED structure 602.

In the example embodiment, the BSLED structure 602 comprises a zigzag or
saw teeth type edge 604. The edge 604 can be formed using standard photolithography
and etching techniques. The zigzag or saw teeth edge 604 can eliminate total internal
reflection (TIR) and enhance side emission (see 605). The angle and shape of the teeth
of the edge 604 can be desighed for maximum effect. For example, “sharp” triangular
type teeth can be more efficient in breaking the total internal reflection than rectangular
shape teeth on the edge 604. The edge 604 can be formed at the same time during the
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In the exanpl e enbodi nent, the BSLED structure 602
conprises a zigzag or saw teeth type edge 604. The

wWe@oye/18641 can be forned using standard phot ol i B¢T§GEZN08900134
and etching techniques. The zigzag or saw teeth edge
604 can elimnate total internal reflection (TIR) and
enhance side em ssion (see _605). The angl e and shape
of the teeth of the edge d84 can be desi gned for

patte "ét@lft@ §of e %r %Q@tr%ctures haeRedgk d0angaH é’tferﬁé’cﬂ@ly be
can e nore e ficient 1n breaking the total

formadrwreewa\na fierquittegi Dhis; RAAddIERNa) RIPGPERINGHapRaredeqyregn This is
in COI{tlké@t t%qglﬁ'lc@% a Tﬁﬁzaﬁﬁg%nﬁﬂﬂg ‘EED vhféré Qﬁcﬁﬁét sidép bifpatteAiRy and

durin ernin
etoning; 1 GEGHIE FEUHTES Al few0q ARt HaveR, Srreserry il T ol
be apptdciedd thavihe cebse-séuﬁdnangaap“étwen etk:hea(idrfactmajcture in a typical

o RS 2D RS 1 At H 2 b B SRREAT $n

while the pidefwaliaih ttee BShEDastdictre I60Agan sadtzgmagmulusly heepmtarm and

etchefgg{? %hyeﬁe&%?i gh{alécﬁt%% ? gléhn%? é)th9p%r§{:gsfsa%rthep a roughened
surface tpalieeiféatmitie simdpetivy ofitheetopherittingrlifiy while farctheSLED
structjuﬂe*b@qzt )égv#hﬂgghgg)( SR Lrte'g[]%r LEDwe P'@é’é%tecﬁg 808] 465 nat affect the

rari e nature o he pl asna et ching
metalgointastst (@ §®Qj@0§h¢flth¢ RStile sapte® 692r uct ure 602 can

advant ageously be patterned and etched to any desired
shape through a lithography process. Further, a

r dudieen@mpia emaedimelty ineAig3pa-naftery is farmied onRIG§d9gia0yg- The
other(gdgbg %gt eio, &2t Bt fbgarbEBt \M’édegsefclpéo bb@% B%Boﬁé figettamigsion
advan ous ul ar si de
from High pdqR,R- ﬁwﬁ?a? Fedieotd el e e (S Gﬁg 510( 358, 5147 8an
be pro€sksedio édth hBR ERigdag paitteincor GaW tedth tybb @dge aihesized.
enbodi ment, the zigzag pattern is formed on one edge

604. The other edges (ie. 610, 612, 614) are not
prlndﬁs Saadmm ambbddimiaty ehermr-eontacy 1608 asricesnanted tmthe haflector
6 t Wil i at e :
sufaf “510°Bo e gatinig, SR YBLE' frd Bhndn gt Be0dd Hectical
conndetive. a zi g zag pattern or saw teeth type edge, if
desired. In the exanple enbodi nent, the n-contact 608
is connected to the reflector surface 610 of the )
sdpplawving hepsieperintioni of themexampleosmbetinent @fsingoving light
extra%L&‘P Utdn§ Qt‘» C@@D@I‘jt sARturEoLisiAY 8kl ero@@ﬁ@r‘hh@t bfHer Gdxample
e exanpl e enbodi nent of i nproving
embodiments are described below for high power, hlgh bnghtness applications e.g.

for lamp devices.

In other example embodiments, a plurality of BSLED structures can be stacked
or connected for high power, high brightness applications.

Figure 7 is a schematic side view diagram illustrating two BSLED structures
connected in parallel in an example embodiment. In this example embodiment,
respective p-contacts 702, 704 of the BSLED structures 706, 708 are connected to a “+"
pole of a power supply (not shown). Respective n-contacts 710, 712 are connected to a
“~* pole of the power supply using metal contacts 714, 716. Thus, the p-contacts 702,
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extraction fromthe BSLED structure using surface
rougheni ng, other exanpl e enbodi nents are descri bed

wheloomstser hi gh power, high brightness appli cap¢RG2008/000134

e.g. for lanp devices. In other exanple enbodi nents, a
plurality of BSLED structures can be stacked or
connected for high power, gigh bri ght ness
applications. Figure 7 is schemati c side view

704 a?é ?éi:fr@”éééh' SiRdr ehi ﬂ{étél\&nt@asﬁaﬁt?ﬂ@@lié%&ﬁ\e@t% ﬁ@@ﬁe?d-‘ ipdle
in an this exampl e

using B SRAtAIRCKS 708,720 TSP EORGHE DR OACRTe cnaeciad Iofe "+ pole
using %?hﬁ%@ttar lbl@ékWZ?lS TK@ﬁ'nettaﬂ @)&)cﬂé E18;CRYIzoeTZ26<§hnthncalon Hs Heat €inks
a. power su (no own) ... .Res i v acts
and ofpSadho S, BB Rolbd Bt HORTh S BERESE Rl s
supply using netal contacts 714, 716. Thus the

pg?%%net %Clts%}gl%éﬂ%% a5& vfe@f d,;gra‘f‘r??lrﬂs %tE\%r Egpgﬁts@uctures

CtS are connected tO usi n
conneckachinrseties inbdrothies eXardple Zpthodifent. dn ds eaangle ‘B@rﬁzodmt ap-

ol B LA Wy 408 o i, e o
BSLERestiuctir B85 sk B consard §10Tivy B-coniastes Bonfdhen @SLEDﬁUtJC‘fure
804 |el.J ebBd k8 b S MTBY £ pGIRALET Mot shb@HY #a & n'1e°’calaconta8t 814. A

emati c side view dla ramillustrating two

p-congack 46 a1 oo ESTHREL SBFINR A0 [SCROTRCIER 4P o+ ehalengf dhe power

suppl?n‘hﬂg' -corltécté 8D, awmlf&.@mmé @amb dn@cﬂ&ﬁprrhacptco%%ts
BSLED structure cont a

802, §16, Gt MARR CBNeGIHBF IBalseros cieiol WBE wetsl blocks

818, 8H], @226’@%6@%(;23 1Be n%talrbm@(@taet 884, B20fcah fendddh BB heat sinks
onnect ed a_power

t 804 "o I f.
anct ilsivar (RSt "R RSING 151 e B GTHRIE PP ARt
p- cont act 8|16 of the BSLED structure 808 iﬁ connect ed
t
e .02 % S gl S VB B ek "B, e
conné’dhenl firt cparallabUsm@Oere &mﬁdln@nn{ drivthemexampéo etrdbodin®btl  kar this
cram Sl s BOAEELLARGN D 4 5 B8 eh 05k g o
are cornectedrtotd ‘o pale df @anovx@r SUEPIY (Pt hewn)r Beerectivehosoniacisd 10,
912 ogm%mm §trm&rey§6@' dqo@ drd bénrf?e?ét%ﬁ"% 8 s%HQ%fQ "‘IE&‘athoEleEH&IS of

I's a schematic si vi ew di agram show n
the pawen fepply &1§ing AHIsRANERIi($Re g a91l4e91@sT'FﬂgP1ﬁP'i‘té°t6§H%Ivl Y ara in
electRBPEHABCIRNMAT tBingR&aIdiisaRE 018 | 9PotrBSectively. Thus, the metal blocks
918, 920 can function as heat sinks and anodes. Respective sapphire substrates 922,
924 of the BSLED structures 906, 908 are connected to metal blocks 926, 918
respectively. The metal blocks 926, 918 function as heat sinks for the sapphire
substrates 922, 924.

In the above example embodiments, stacking up LEDs can reduce floor area and
can allow more LEDs to be arranged in a 3D space. Thus, the plurality of BSLED
structures can lead to more luminance. Further, fin like heat sinks can be attached to
sides of LED chips for enhancing heat dissipation. A plurality of BSLED structures can
be used to form muiti-chips.
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exanpl e enbodi nent, respective p-contacts 902, 904 of
the BSLED structures 906, 908 are connected to a "+"

w@ioe/1afs4a power supply (not shown). Respecti VECT/SG2008/000134

n-contacts 910, 912 of the BSLED structures 908, 906
are connected to a separate "-" (cathode) pole of the
power supply using wire b gdi ng (see e.g. 914, 916).
The p-contacts 902, 904 ar'e in electrical connection

V\"Fﬁdihré m)ﬁ@) 584 Qéheh’la‘ﬂ@ lﬁéntanew diadrdn bES RS dide/100BNH Bnother
bl ocks can f@lag@_ﬂon as heat sinks

exama'ﬁcﬁf%*?%‘dﬁ%“ kﬁe‘é‘ﬁ@é?mv'@ %‘éﬁ?&fﬁ‘% P &pwice 4992 coparisss a

pluralttyhef BSLED sBudctwes & 90046, OOSQ&aﬁg@I mwwegi@@ Fyureteb) is a
oC

scherBats 30 Wop SIPLam et B Bimevibe 1007 G Bmiea Eomdes ses of

the BORED s&iddturesre.d.ne04pt008 cena:tmheree‘mhmtmmws usiagy acdphercal or

bowetJ@( é@fﬁ Citids tg%ﬁgﬁn ! oo@gg:&%ﬁ%&@ﬁhg& ﬁ% beleT Egsmg

bé ™ arr ang A alrty o
can b@h@tﬁh@bceﬂe@en getal.l ead to nore | um nance. Furt her,
fin like heat sinks can be attached to sides of LED
chi ps for enhancing heat dissipation. A plurality of
B$n Bt |Anatkaruexamplanembodiment, t @ BShER structure is used in LCD

backllg"HM by Elir&ﬁly %Mﬁ&tl‘é%@ﬂj StractSe i Mburiting rtl%‘BSEEGV!tructure

ram of device 1002 1 n anot her™ exa
into adlighbeRraadng th'rhf"nh Eiaie Ak ischBiwmatindiagrae "lugavmeam%rol
top ot EEDW’I D3 @ifted tdPh %Iﬁ'épt’éédih@ fitwlabrDy Stiguvet 14 6@)513% gbhematic
ciaorarg e & BLEY P CioATE 1 RoM b drm 18 HgB2Rs can
be oltdeBleld, €HE &l eidef érﬁlmnbhlEBlonISe @SLEDestBﬁItLE@ BIDB UgitHJ EdpS and

pottof), HeriE O B e 1 TEdGP i 1986 4 Srasang TPher1o8 =

complareglhtd tihewinleeodtrolaop emittireg IGED 4¢@2 1AH ﬂ/vo élkeetricalsiontactsaparalle!

high reflection netal. In yet another
tOthe 'g:mﬁel@iwbodl ment, a BSLED structure is used in LCD

backl i ghting by di rect l'y burying the BSLED structure

el W?&Btah@%ﬁfaté% tﬁ§ ‘ert\% olﬁéeeﬁlé s Or 4 #ahngéﬁgeél%"f fREAED

ure 1
strucuura eanthaxe ilighy emwnm cit hq@tlemratchltmdewmoz fitted to
a light spreading film 1104. Figure 11(b) is a

schematic diagramillustrating a BSLED structure 1106
f ifigqusel 12 & asehegtic diggemniiugjrating mBELED stinstupe #202 fitted to two

light spreading films 1204 and 1206 in yet another example embodiment. In the example
embodiment, the BSLED structure 1202 comprises two long edges 1208, 1210 fitied to
the light spreading films 1204 and 1206 respectively.

Figure 13 is a schematic flowchart 1300 for illustrating a method of forming a
light emitting diode structure in an example embodiment. At step 1302, a substrate
is coated with a first reflective material. At step 1304, an electrode is coated with a
second reflective material. At step 1306, one or more layers of light emitting material
are provided, the layers disposed between the substrate and electrode. At step
1308, wherein in use, the first reflective material and second reflective material
reflects light out of the structure via at least one light emitting surface and in a
direction away from the electrode.
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be observed, the thin side emtting LED or the BSLED
structure 1106 with top and bottomelectric contacts

WO g00gasiser to fit into the thin |ight spreadi nBCT/BGIN8/000134

1108 as conpared to the wide control top emtting LED
1102 with two electrical contacts parallel to the thin
film21104. It wll be appr ciated that both the two

| ong edges or all four s of the BSLED structure
can have |ight em ssi on |n back i ghti ng architect

a TBePheya festid S SRS LB R gt sidn T

side féd:dtsref 420D stoduik? 0Geitop yed sm%ﬂ&eﬁnd@ua‘wéseofeh@ DHDrmnt:ture

are cosa i B RSB gTble o685 S TR BT e 48 fmcton
as el¢atrigat cengacs.deurgnt ispreadibgOreflactbn1DDGT reed peeat dissipgtion layers.

Curreﬁi{ %é{druﬁm' hi Haln%gpﬁ{rgt%{eg %ahﬁb%wgdﬁ gl%t é)&[’ﬂpl? embodlments
Heat gﬁr@d@e@mtbetemreple emipedimentptan mwai@dwmrough b@tteqbe top and
subst%@é)gnd ﬁie&ﬂ‘ E?élrs%ﬁ daﬁéfeqmlﬁﬁi c@ﬁﬁ&té@i dtf)'hreéf snﬁl@sf Hr{a&rﬁé 37' crlbed

mat er 1 al , [ ectrode’ 1 s coat
examplg @pecinegnt @@h.%aaﬂﬁﬁ?mw tharTIR 88 Sm@eeﬂeét@ @an %s@ved

in the' BSEE@ sHuctutd hitheShlhddg palicihe 'bf al loRy @d§s @Mh @aﬂanaehme light

vers di sposed between the substrate and el ectro

e"tragﬂf’“ stheFiazsgPatiaimosan Reflos &n theisame;ster ofts mese PVB'“Q The

probléftcahi o @édscﬁ\%aoambdﬂng&yeakingefrcrmttﬁé ltqd> pneém eftirface. Bhéne
re.,.v

descr tamplb bR Wit b oot Bt afioh vl s Shgh tbeton
can bebredecediels\c theb@dleeudarnabavanshddyemrses aadrcaprbmvirﬁiﬁnizé@hds the
east e B 8 Al Atr PR Sopr R oBsS: PAREY 47 8o

The thicknessadantiolléd Hieteetrial pésswet’ én ilayet liepesittomptan reduce interface

recfiL N RRNS: shic i, pRERESY 1B 4 RED' PpTan g prampe
embodiments; transidé eaUSscbnsBSIFEﬂ) structuregyeansalsoQorovide tlesibitity dil iamgp or

other lﬁjapg?&réﬂs %&Jgﬂ? Ak %Pig Haé?(ﬁqlﬂlﬁad %dB’T;EEIB :%grugfﬁ?éTBk e

genera
descripad eb@“@ﬂﬁﬁ‘h@dﬂ@ﬁ paroleje tb@dl@httspeeadorpiomwhtamsadlm #im by

mounﬁﬁtﬁj aﬂ@béﬁ/wgaﬁ’\@ IEsLERL e lﬁ%ldé“th@fﬂrﬂ 99i ng‘?r?é BQLEQ strugture

In one describ exanp odi ment

for LQ[P Q%@thm @nnlpag to eoRb WV'I@%HHCQ‘:@@F Lﬁ@ﬁl%@tr eqgtired ahhase is
also ifprotRE uniformity over the LED lifetimes. Also, there is likely to be fewer LED

drive problems. For high power applications using multi-chips, the BSLED structure of

the described example embodiments can be mounted in 3D either by vertically or
laterally stacking chips to make a lamp or other light apparatus design more compact.
This is advantageous over typical LEDs since typical LEDs are usually mounted side by
side in a 2D surface.

The above described example embodiments can be suitable for high power high
brightness applications where a large chip size and high current injections are used. The
relatively larger length to breath ratio in the BSLED structure of the described example
embodiments can get at least similar, if not more light, out from the same amount of
GaN material as compared to a typical LED. The top and substrate side surface coating
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in the BSLED structure. The zigzag patterning of a
| ong edge can enhance the light extraction. The zigzag

W@2i0vas1skng can be done in the same step of theCHEGZ008/000134

etching. The problem can al so be solved directly by
dicing fromthe top p-GN surface. In one described
exanpl e enbodi nent with a 2i el ectric passivation
| ayer, the Snell refl ecti dh can be reduced by the

with edd ALE All15yPRes é{&ta'sQﬁ‘irrbl%MsmaVé it fen@shiEREMRRIe facets. The

nimzed to the |east t referre di el ect
surfaqea«gp@itmsw%kw@%% CHERY SPESR 'Hgta%W@E Re¥iole syfapea a H‘ﬁfAH“FW

and cBRepiolide Knes Sdissipdtibn. Bem clirfdne Gprdaeingassd wabi dissibayer are

cons G55 B S G < Bk ek e B o
also peonidieDh eide aitihgreBED Strutthe withie 3etriages ligBShEBimt asumimpaged

02 153D dsB e e ok Whird s k@ TBARY gt e LD

structure of the described exanpl e enbodi nents can

hayg ddi1gd %95% rﬁpc;fqﬁg dh&&@gﬁg%éﬂpk SHMSRALRY cghlk@ B&d for

nount I nNg and ructure 1 nsi
LED fabrmtlcms iangd anpéca&m IR0 lﬁppmeéom%rwecrﬁsé&@astrg@wrengf the

descrﬁs%ﬂ é)érzazrgalé% Qaﬁne%%Vbé‘rgsbesééb%ﬁlag?%éfm'—\%%@“ Dower and high

re I's al so rove

{
bnghtngqs; anriieationsssuchyes golid ﬁeffeélgh*s LED barklighiing, €¥F QévﬁﬁiDL%Bdee

f thetdd E@oé?fé%@'rrﬁif@ F&1imBhts 2aR 8186 he 2R Phd 0B lor g er based
° Stl -chi ps t?’ln; BSTED s?r uctu??pgf t he desc?rlspt?ggn

"ght%&'gﬁﬁld@"@%%ﬁ A% can be nounted in 3D either by
vertical |l y or laterally stacking chips to nake a | anp

or. ot her ht arat us de . npre act. This_i
ki i @Sl BY opers Sk i Tecat it amre, vajeons
and/dﬂS‘hlﬁilﬂldﬁtlﬁmﬁfanaeSmd&e iy tiss geesent iavetiflos wasf shoan hhibe specific
de cr exa | e [
i B R R R R el
descritadg éhe Iprq:ses’n a'ebadlruerhtis gle, doerefore, 10 bp eonsidered dr all (aspects to
ger length to breath ratio in the
be '”ﬁ%%%éﬁ@é%érﬁé&'g t he descri bed exanpl e enbodi nents
can get at least simlar, if not nore light, out from
the sanme anmount of GaN rrateri al as conpared to a
typical LED. The top and substrate side surface
coatingwith e.g. Ag or Al layers can act as mirrors to
have light emt only fromside facets. The surface
coatings can nmeke current spreading across a whol e
surface in a LED uniform
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and can provide heat dissipation. Both current
spreadi ng and heat dissipation are consi derabl e at
woe@h/1815er ent i nj ecti ons. The above descri bed PXEEE2088/000134
enbodi nents can al so provide a side emtting LED
structure with a 360 degree |light em ssion as conpared
to a 180 degree light eniﬁsion froma typical top
emtting LED. The BSLED st'Pucture of the described
cLAIfe2pl e enbodi nents can be used for LED fabrication
and applicable to LED applications. The BSLED
structure of the described exanpl e enbodi nents can be

egpeci @l |\gnt affitg dloae shU&hrdQWéterw*emog’(pr‘srnlgg ht ness

appl i cations st a ight, LED
b&SUPS ﬂftel‘i?@ted?"f{@" B%L%E?%FEYFCP@ eé" if the descri bed
emlﬁl’é&r&l&%dtdmmrsa eacbraﬂ refediveapateiigid t o organic or

I ls
O SISt b S R B BB et e
subsfratatandwientiods; vari ati ons and/ or nodifications may be

rm%ge ﬁEIBh&SGD rtﬁ% efﬁ%t lt?gl}égtﬂ{e' &%t§%| SRAWEJRA ! e SRECbtdrial

romthe spirit or scope
refleat$ lighieolinok e ainutztsrebwaaail Iya%te@m liglidemittirg sHEaemand i a

Bt-Sth «Lgerefore, to be considered in all
durecﬁcﬁ’%%”ﬁr to %ef‘ecl [ustrative and not restrictive. CLAI M5
1. Alight emtting diode structure, the structure

COJIPI | Sita0stRuchitBSdd SlafndcP it Edinfi1l hvraerélhrﬁd e idR€ ohedight
material; an el ect rode coat ed with a second reflective

emittipgsa¥iage COBRESR 2 AigFa/paYy &edh HIPSISY9®t enitti ng

material, the layers disposed between the substrate

and electrode wherein i f r.ef

mher | SN pRI: Sgneh ea et Alersiniaid gt Bghene
light @litting durface tdongprisee av lagenof lpeasivatimmemiateyial femiedcing light
surface and in a direction away fromthe el ectrode. 2.
structure as clained in claiml, wherein said at
| east one light emtting surface conpri ses a

2|gzag/.ﬁ13e th?c%rg y&ﬁm%ggm'an? one of claims 1 to 3, wherein for light

emission via one light emitting surface, at least one other light emitting surface

comprises a layer of reflective material for enhancing light emission via said one

" light emitting surface.

5. The structure as claimed in any one of claims 1 to 4, wherein for light
emission via one light emitting surface, other light emitting surfaces comprise a layer
of reflective material for enhancing light emission via said one light emitting surface.

6. The structure as claimed in any one of claims 1 to 5, wherein the
electrode comprises an electrode material of about 500nm thick.

7. The structure as claimed in any one of claims 1 to 6, wherein the
structure is in the form of a rectangular block comprising two long edges.
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3. The structure as clainmed in clains 1 or 2, wherein
said at |east one light emtting surface conprises a
WO 20081131581 passi vation material for reducing |iRBEE/SG2008/000134
reflection. 4. The structure as clained in any one of
clainms 1 to 3, wherein for |ight em ssion via one
light emtting surface, at |east one other |ight
emtting surface conpri sed9% | ayer of reflective
gt eri ghefQfucRMBARCLABdd TN EnE B8 Sdiotlainis? 1581 7 WAGrein the
li'ght emtting surface. 5. The structyre as clainmed in
substzate, thaelesirode ar hethiare gonnecipbioe? REFHN i ght eni ssi on
via one light emtting surface, other light emtting
surfaces conprise a |layer of reflective erial .for
o ShanciRg SUGHYS Bmclaimed npay e gf s 1 dne: whbtt i fret
reflectivé higrial @nd e sSdondGelisctiva smatériE! ach comprisesohg Adfor both.
claims 1 to 5 wherein the electrode conprises an
el ectrode material of about 500nmthick. 7. The
stiouct The stisicturaiasethimad dngnynee of clains fdo B, whein the first
erein.th uct I6S ok : I
reiediE ST Aok For T reRgaghaB e Fegh bk B AR Yo
thickcl ai med in any one of clains 1 to 7, wherein the
substrate, the el ectrode or both are connected to a

heat sink. 9. The structure as clainmed in any one of
cldi ms ALlamp doviemeeraprisinga pirplly of Sehieniting Gage sirggtures,

ROAgrefl ective material each conprises Ag,
each kg SRR

0. The structure as clainmed in any one of
clasuhstrate epated Witk Adirst refiretive matenakt | ective materi al

angh diBgrsReQed @ith aGkbyy rkeiVeahatefiagach nore than
about 10nm t hi ck. onpr,i Si

k. 11. Ala devi ce .c n
o e TQTeRYarS G [SH BB e el Rl PR cleges et Been the
subsfrhfelHddI8ctfsy@r i sing a substrate coated with a first
reflective materi al ; | ectrode ¢ ' . Se .
- MheIBN (ourie F: 5t rlestts “?ﬁ%‘?réat?laéf?g%eg&’éﬂ \teul?'Sﬁtt“’Qe fdiSha
refle€8ilight oat Wit et iealst ohbdightpenittinglissifese df Hbe wiwpturé@nd in a
direction away from the electrode.

12.  The lamp device as claimed in claim 11, wherein the plurality of light
emitting diode structures are electrically connected in parallel.

13.  The lamp device as claimed in claims 11 or 12, wherein the plurality of
light emitting diode structures are electrically connected in series.

14.  The lamp device as claimed in any one of claims 11 to 13, wherein the
plurality of light emitting diode structures are electrically connected using wire
bonding.

15.  The lamp device as claimed in any one of claims 11 to 14, the lamp
device further comprising a casing for reflecting light from the plurality of light
emitting diode structures in a desired direction.
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substrate and el ectrode; wherein in use, the first
reflective material and second refl ective nateri al

WO edobastssl | i ght out via at | east one |ight em BET/HG2008/000134

surface of the structure and in a direction away from
the electrode. 12. The lanp device as clained in claim
11, wherein the plurality_of light emtting diode
structures are eIectricaI?@ connected in parallel. 13.
The | aRe d@Yip CRevite &4 alalf®st ickindi1®s whbrélh tha cadingrieiim a
lurality of light emtting di ode structures are
SPheréqaéE'Fﬁ‘F?ecal |y connected in series. 14. The |lanp device

as clained in any one of clainms 11 to 13, wherein the

I [ it { tt di . t
eitder r PRyt SR Aeste 488, Shitio UK sueges g metnod
compliaimg devi ce as cI ainmed in any one of clains 11 to 14,
t | ' t f
- SprU R s e e BEPE E” £ OB o ¢4 g
dicodiingsan electiedsswitihasederyd re@acfmerree’ﬁlah 16. The |anp
d Yé\ﬁ(ﬁn Snel & rﬂ@% I'ager“slgf'I@h%%mlwﬂgrrﬁé@nélh%éj@aﬁt‘e@disﬁosed

asp eri cal of formnga
bem%ﬁﬁlhﬁlslh@sﬂﬁ@@édﬁW@ﬂafe the method conpri sing

C%Héréla iA ebhe Qﬁﬁ r\@ﬂé&t.va, nktetial %ﬁ&'éié‘cbh&ereﬂ@&tﬁ‘fél mbterial

an electrode with a secong reflectiv

refleqﬁﬂtghq Q‘Ft o ey sy eoriR rleati eng dghtr emitiing ?ljﬁ"t‘ce and in a
direc8dH AlhyBomBhé icdtrodd.ne | ayers di Sposed bet ween t he
substrate and el ectrode; wherein in use, the first
reflective material and second reflective nateri al
reflects light out of the structure via at |east one
light emtting surface and in a direction away from
t he el ectrode.



