1 A Light Emitting Diode Structure, A Lamp Device And A Method Of Forming A Light Emitting Diode
Structure FIELD OF INVENTION The present invention relates broadly to a light emitting diode
structure, to a lamp device and to a method of forming a light emitting diode structure. BACKGROUND
Light emittind 81644 {1#Ds) are widely used in back lighting, display andP§GI8GEE G EHighting. It is
desired in LED development to improve efficacy of LEDs. This includes factors such as improvement
in materials quality, light extraction efficiency, current spreading and thermal management. These
factors are becoming important for high power, high brightness applications where the chip sizes are
becoming bigger and the injection currents are becoming higher. 20 Currently, a typical LED such
as a GaN LED has light emission from either a top surface or from a substrate side using flip-chip
bonding. ThiighEMHIRERUPHe SBH-HE L LsmnDeviRm ANl é Methed QFES™URE A, typical top
emitting LED, a thin Ni/Au layer, d-widtfsoitBnolBode, $$rusédras a current spreading layer since
p-GaN material has poor conductivity. One problem is that the Ni/Au layer is typically only
semi-fransparent, ie. the layer has a light transmittivity of only about 75%. This means that about 25%
light is noeans BiEtReyENTiiesgMore, for large chips, e.g. Imm x Imm or 5mm x 5mm, the thin Ni/Au
metal layer 30 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 atRigressptdneentionelstee drepshe tatedightigritties Giokenstiustiskigaypically only
dissipateddigoggita fivpbstieiackas:tarihe sanrhinesubstaiaitie LED. Thus, the heat sink is

typic%ly too far away from the heat source, 2

BACKGROUND

Light emitting diodes (LEDs) are widely used in back lighting, display and solid
15  state lighting. it is desired in LED development to improve efficacy of LEDs. This
includes factors such as improvement in materials quality, light extraction efficiency,
current spreading and thermal management. These factors are becoming important for
high power, high brightness applications where the chip sizes are becoming bigger and

the injection currents are becoming higher.

20
Currently, a typical LED such as a GaN LED has light emission from either a top
surface or from a subsirate side using fiip-chip bonding. There are a number of problems
associated with these architectures.
25 For a typical top emitting LED, a thin Ni/AU layer, e.g. about Snm/Snm, is used as

a current spreading layer since p-GaN material has poor conductivity. One problem is
that the NifAu layer is typically only semi-transparent, ie. the layer has a light
transmittivity of only about 78%. This means that about 25% light is not transmitted.
Furthermore, for large chips, e.g. Tmm x 1mm or S5mm x 5mm, the thin Ni/Au metal layer
30 s 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 resisfive heater at high currents, Further, heat generated inside the GalN
material is typically only dissipated through a heat sink aftached to the sapphire
substrate of the LED. Thus, the heat sink is typically too far away from the heat source,



considering relative dimensions of the active region to the substrate. Thus, for high power operations,
thermal management is a problem which is difficult to solve using the typical top emitting LED
structure. 5Further, to have more light extracted out of a typical LED, the emission surface of the LED
is roughened'$y24tbidtmeans. One problem is that this typically affects RoHaGatRARPGEthe top metal
layer e.g. for a top emitting LED. Roughening also requires extra process steps. Another problem is
that the Snell reflection of the GaN/epoxy or air interface of e.g. the GaN LED can not be avoided due
to emission via the existing metal 10layer. The so-called flip-chip method has been proposed to

solve the @%&%r%@tﬁéa%%@@ﬁg qujﬂlae nownq}o%o{aomeegalgg %Llﬁ%s E% guer, the flip-chip

method is a relatively complex process an ave Its own problems. Linclude 15
difficultiesAR ¥R EH] B’Bﬁotﬂ?ér%&nﬁpﬁgggﬁﬁﬂ%ﬁﬁﬁﬁm%wé‘fﬁffﬁ%ﬁéﬁb’@ hﬁlﬁ'&éﬁﬁactlon Further,
sapphire Ititrsfeigpocusiting tdlastiodtora. emission LED is also problematic, given the typical low yield. In
addition, it is desired that different applications of the LED can have different 20 LED architecture to

makeéhe deS|gr,:3M,'Qg {5@"%%%"|§R{%§G§"’ %Io& (%;Ea[% str@g{) acﬁ)ﬁ&{@@ggef |ble For example,

one major application of the L quid crys spla ting A% ﬁcl?g?ft spreading film
is typicaly¥fsé& o S JREERSIRY IR BV pBIRRISo PEE PEobIST & (e thisrdevicalivuaifapishis case, a

thinner ancbnaopéVilg ot thie dog emttblEy ds elgsfoed taphenitten £D. tautypitag tapoaatitiiag structure. 25
Hence, in g 7héae: AN AR RHIRIBA 09RSL RS grtanreﬁgawn%ﬁ;%d@aﬁ/gs&%% jamp device and
a method 0 ?; %mm %‘htﬁgﬁl‘ﬁrgg diode structure that seek to address at least one of the above
problems."38 Pfl\)igf G2 HRLAERLQEIRS) "4 0 SEISSIRD YRy KRHN 1¢AInd reflective
metditmaté¥@ll, one or more layers of light emitting material, the layers disposed between the substrate
and electrode, and wherein the first reflective metal material and the second reflective metal material

are each configuied Iorcandyeing,agh mANBalsiuss and fihennharcia indise, the fist
e

reflective metal materla and seco d r tive meta a era reflects I|t hﬁt Ut of tha Sructure via at
least one W@ﬁ?‘ﬁﬁ%@’@ﬁﬁ&b@%&.Haﬁm@&faﬁ%hﬁ%rﬁmﬁa@ﬁi%%@ ghsgdiea

relatively complex process and is known o have its own problems. These include

15 difficuliies in flip-chip bonding and processing sapphire substrates to enhance light
extraction. Further, sapphire iift off processes for a boftom emission LED is also
problematic, given the typical low yield.

In addition, it is desired that different applications of the LED can have different

20  LED architecture to make the design of the final device, comprising the LED structure, o

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.

25
Hence, in view of the above, there exists a need for a light emitling diode
structure, a lamp device and a method of forming a light emiiting diode structure that
seek to address at least one of the above problems.
30

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



Said at least one light emitting surface may comprise a zigzag/saw teeth type edge. Said at least
one light emitting surface may comprise a layer of passivation material for reducing light reflection.
For light emission via one light emitting surface, af least one other light emitting surface may comprise

a layer of.yeflective material for enhancing light emissipn, via.said one light emitting surface. For
Pl Ol R i\ﬁ’fﬁ%@u gt S RS5 By o of
reflectiveAAEEIRh PRCATHRRE NG Vet Shidigmitincamaipdalg e Rnary dsprred PRvERRtrode may
compriseth® slbcirete mdteratsideh cutcbdbeneithitie first Tdlesinciusdanaatzeial el foren of a
rectangukssdaack efwapvisingtvrangielgrs dhenreciamauar pdochavimng lengtirdéenbreadth ratio of
about 255, Qe eROULAQ Arther (INEARIAILLS theIARY RINSS; TR DR CARRG LI ABSRESNS light

spreading 1;4"1&1;% cgs o) | gE '%%{g‘#%!a t?e%e? é%g@t‘w%ﬁr%? %Jbstrate the electroFIe or both @ﬁx be

& struclure. via at least pne.
connected to a heat sin Irs Ve meta materlallI anc1E> the secona reffectlv etal

material FEFEERERGHARE Rg Arsrifsusubstanirllyirerir davbsmtasiiaiferial and the second

reflective metal material may each be more than about 10nm thick. 4 In accordance with a
second aspect &dheapieasindhavisgtitasmttliere daqovides adanpp sesier;eagnpisinga plyality of light
emitting diggle structures, each structure comprising a substrate coated with a first reflective metal
material; an electrode coated with a second reflective metal material, one or more layers of light
emitting materia#éhe IaP/ers disg(i_sed between the substrate and electrode; and wherein the first

reflective metal RAteARISATH A0 J906 FIVERLAYEATE AN P TRMATER BABKERNRRRENFPRonducting
heat fronatedai fetfurdusiisteeliamiem in use, the first reflective metal material and second
reflective metal material reflects light out via at least one light emitting surface of the structure and in a
direction substapgalligrarghpddRiheisubstialght emkmed StiHakEe Maxha iBbediprp pé@ rectangular
plock COBRIKERG WA REPSHNFiLecanaylR" HaLhbanRBIARIY 16 PERRGNXIR figlabout 251

or about 10:1. . , . . -
emission via said one light emitting surface.

For light emission via one light emitting surface, other light emitting surfaces
may comprise a layer of refiective material for enhancing light emission via said one
light emitting surface.

The electrode 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 rectangular block having a length to breadth ratio of about 25:1 or about
10:1. _

One or both of the long edges may be coupled to respective light spreading
films disposed parallel to the structure.

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

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

The first refleciive metal material and the second reflective metal material
may each be more than about 10nm thick.



The plurality of light emitting diode structures may be electrically connected in parallel. The
plurality of light emitting diode structures may be electrically connected in series. The plurality of
light emitting diode structures may be electrically gonnected using wire bonding. The lamp device

may further comprise a casing for reflecting light from the plurality of light emitting diode structures in a
o r%ncg 3 Se(gﬁ%%r%%?%ﬁaﬁg.the ?geﬁgggraﬁ’ﬁég'%thtgetﬁe?rdsaspect of the

desired direction. The ca iNg. may e ina [ . IN~acca
present iMBHESH, FHBMBAS BHRRIEINRTRIE GRb R MiAG g ypmiiing Hip drosieusiviesireashe method
comprisiriirgotiagcawabsirgteavativatfatst eikedy evithetal firsiteetdsich thatathefitstisdflective metal
material isleonéigureskted catducsing heatliesavberBrlcHatRif0aHsbAMmBlecogr Withghsecond
reflectivedpignalatidsushuthaidhe seerrdefsrtive mpialmaledal is contiauredifor sanducting
heat from tﬁeeréffuﬁgrﬁrs?r%ﬂgé“ NG more layers ptight %@'}S'r‘r[%fl“ enal tﬁg 'ﬁ%y?rs- Isposed
between the substrate and e ectfrode, wherein’in use, the irst retlecive metal istera 8Hd second

reflectivedfefR THateRaswad doke cryStBa ah EMUbe Rivaldee aad Jyenghvdpirig surface and
in a directe®. shpdisitisfiepivalroete theateidand. secontheaftegtiugenatyy beforimedfiette form of a
rectanguligtileck eemgrikingt tarel inh tedgasnth e lisaangilardliakdaawnga Irnathitedreadth ratio of

about 254, 95 @Pa4l BekaRIRIE D ERSRY ION OF THE DRAWINGS 5 Embodiments of the
invention will be better understood and readily apparent to one of ordinary skill in the art from the

following Writter;EdeEcé%iﬁtion, b Wa\% of example only, and in conjunction with the drawings, in which:
SFigure 1(a) is & SEACEIBENAE NG IBgPEm SR & AP LI gh Pl Ry el o long

edges, the rectangular block having a length to breadth ratio of about 25:1 or about

10:1.

The plurality of light emitting diode structures may be electrically connected
in parallel.

The plurality of light emitting diode structures may be electrically connected
in series.

The plurality of light emitting diode structures may be electrically connected
using wire bonding.

The lamp device may further comprise a casing for reflecting light from the
plurality of light emitting diode structures in a desired direction.

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 metal material such that the first reflective metal
material is configured for conducting heat from the strucuture; coating an electrode
with a second reflective metal material such that the second reflective metal material
is configured for conducting heat from the structure, providing one or more layers of
light emitting material, the layers disposed between the substrate and electrode;
wherein in use, the first reflective metal material and second reflective metal material



(BSLED) structure in an example embodiment. Figure 1(b) is a schematic side view diagram of the
structure. 10Figure 2(a) is a microscope picture of a BSLED structure sample. Figure 2(b) is a
schematic diagram of the BSLED structure sample, Figure 2(c) is a microscope picture of a control

LED. 15 Figure 2(d) is a schematic diggram of the control LED. _Figure 3 is a graph of light power
(pm) versr&z’?n& g‘ch ntc%li’?e?rl}t eAﬁW% K B@\N@tﬁ%@%ﬂg%iﬁ@sgﬂqﬁ tSHE%H Ei%\'/%))’?r@m both the
BSLED sfigfirn subpirniaty astrieldntto sebstatfure 4 is a graph of current (mA) versus voltage

Figure 5(a) is a schematic top view diagram showing a BSLED structure in 25 another example
embodiment. Figue S¢yiare sehpmatiorside viewdiagranoh thaBSeEE Brewtuemprising Figure 6(a)

is a schemaAliplp g usdiRa A SHOUHI LR EShEM I RHER N0 BN LA 3R §Rodiment.
Figure 6(%} go%&cp&matlc side view diagram of the BSLED structure.

BRIEF DESCRIPTION OF THE DRAWINGS



WO 2009/131541PCT/SG2008/000134 Figure 7 is a schematic side view diagram illustrating two
BSLED structures connected in parallel in an example embodiment. Figure 8 is a schematic
side view diagram illustrating two BSLED structures 5connected in series in another example
embodiment™? 20¥g31# D is a schematic side view diagram showing twoRSSER&RGetStes
connected in parallel using wire bonding in another example embodiment. 10Figure 10(a) is a
schematic front view diagram of a lamp device in another example embodiment. Figure 10(b) is a
schematic side view diagram of the lamp devices 15Figure 11(a) is a schematic diagram illustrating a -

contrl top emiteg L IHecH INae NG M) Rk anolter Ramals bgdipent.  Fgure

11(b) is a schematic d |agram illustrating a BSLED structure Titt e

example émBBRIMHIEIREY skilkigfhe Bt %&h%r%ﬁ&”&%&ﬁ'ﬁ?‘?llﬁ@ﬁﬁmﬁ'ﬁ% B‘SMED tructure fitted to
two light spxerirgfitmarid yetcnfiotbigrexdniple draviiogamienthich: Figure 13 is a schematic
flowchart for illustrating a method of forming a light 25 emitting diode structure in an example

embogiment. DETAYLER RE S CRIEIQN:3R P QAEmR s I mr R fesaibss st can provide
(BSLED) structure in an example embodiment.

Figure 1(b} is a schemaiic side view diagram of the structure.
10 Figtj;'e 2(a} is a microscops picture of a BSLED structure sample.

Figure 2(b) is a schematic diagram of the BSLED structure sample.

Figure 2(c) is a microscope picture of a control LED.
15

Figure 2(d) is a schematic diagram of the control LED.

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

20  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
25  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
30  another exampie embodiment.

Figure 8(b} is a schematic side view diagram of the BSLED structure.



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-emittindEB80¢a# #ve light output from one or more 7 sides instead oV ReHI#EYLY surface or
substrate end, as exhibited by e.g. typical Ga(In)N LEDs. Preferably, light is emitted from the broad
areas of a side-emitting LED (BSLED). 5Figure 1(a) is a schematic top view diagram of a BSLED
structure 102 in an example embodiment. Figur@ 1(b) is a schematic side view diagram of the structure
102. The structute 102 _comprise apphir, P I 0, on the
substrate 104, ﬁg%’éﬁ\zfec'rse a?ér?ﬁ%%ﬁ% ga%% n%%%t%%uﬁ%&&gﬁu%ﬁgé f%ﬁn%%}@ogn the n-GaN
layer 105 canpaciER TRRRRRDE et BlF SIEoRRERRT quantum well structure 10 107, a p-contact 112
formed on the p-GaN layer 106 and a n-contact 113. The sapphire substrate 104, the n-GaN layer
105, the InGaN gpanptusmniwgllsshuetie 445 aal WegpsahlavainkO.doas Etiohiemigng area 110. It

will be appreciated that und0pedﬁ§3§lélx%a Eébe ro%\'/ide between the substrate 104 and the n-GaN
layer 305 SPBARRCEILERIRE Do AR R EaN Based T ED structure and grown by metal organic
chemical vapour deposition (MOCVD) using typical growth conditions. One example of the LED

structure growthrgird @ likefodishamiatiesditen Vaw telpenatsnevEaNcba RSIEDretwuttirehe range of
ebout 52068 550014 GRS, 258RAH 25,k 18 Baalehe,ausleation o Gall on the sapphir

substrate igh temperature 20 undoped GaN layer is grown to a thickness of about 2 um at
around 1020C, followed by a highly silicon-doped layer of GaN with thickness of about 2-2.5 um to
function as the niGaRelapé) 1185 Nehgmeatiofinn) iview iagsanusihg Smm4davne |t €oal&F multi-quantum
well structyre (MO sEHeiire 107 is then grown. In the example embodiment, the well thickness can
vary between about 2 nm and 5nm, the In composition x can vary 25 between 0 and 0.4 and the
number of quantum wells can vary between 1 and 5. The MOW structure 107 has 7-30nm undoped

GaN confinemerfti@§R O DHe A B $iesafem s A5 R laRRIEWARto a thickness of about 50 nm

to 800nm. The p-contact 112 and n-contact 113 are evaporated using an electron beam evaporation or

sputtgging Systefaagpwg Mlaysd vsingisrarlpnealinamiFi e e Baiaky ¢ Bndigas ambient,

30e.g. N2 gas ambient for n-contact an%air ambiFnt f(sg%?g_-co tact. In the example embodiment,
the top p-EERESPESESHETHR VR0 SASERMR' L BSR4 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 11@idprdhe (MY 0 208Qhailbdikrarh/ B 2807y QUSHIRED structure fitted to a light

spreading film in the example embodiment.

20
Figure 12 is a schematic diagram illustrating a BSLED structure fitted to fwo tight

spreading films in yet another example embodiment.

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

DETAILED DESCRIPTION

30 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 backiighting applications. in
the example embodiments, a side-emitting LED can have iight oufput from one or more



8 example embodiment, the mirror 118 is coated on the backside of the substrate 104. In the example
embodiment, the metal coating on the sapphire substrate can be Ag or Al. Alternatively, a double side
polished Sapphire substrate may be used for this purpose. The top metal mirror also functions as the
p-metal contH& ¥ H ke example 5 embodiment. The mirror or p-metal"CoHtsA PP U comprise
Ni/Au/Al or Ni/Ai or Ni/Ag or Ni/Au/Ag or other combinations including Ag or Al. The Ni and Au
thickness is less than about IOnm, e.g. about 5Snm and the Ag or Al thickness is more than about
10nm, e.g. between about 10nm to 5 pm, i.e. thick enough to be a reflector. 10In the example

embodimept, fqpthe h-gopiactdd fihe.RRet! Sislepasited aflerexpasing 2dsGaildayer (not shown)
using plasma etchin he n-contact 113 can co%nﬂirlse Ti/Al or t|/AI/T|/A_I$. he'n-C ct 113 is either

hing. T, act 11
connecte ' b%ﬁ%rﬁ refeiphite 'Sl E RSB A LT RIRRS T8 Y B BEINASiRected to an
external b#aliRZ)pad (not shown). The BSLED structure 102 on a chip can be packaged in 15
between two metal heat sinks 114, 116 to enhance heat dissipation during high power operation.

In the_example embodiment, the structur iS | the struct 02 gives a large
Iengtr?eto breath?%%e(ggag ﬁgur;ng?ié fgé %ﬁ%ﬁ%%@éﬁ%ﬁy to iﬁ%?%%gée; ltrﬁg qer}'fércgive light

emission &eHERERARNE! Gigure 4 Bdnesehematicxde visvodiaaram obbeiruatie B¥RED structure 102
can be mathe sirtheitold2 cbaTRE6 &sappRDE aursbate: TiHe dotdbiibemissitmreadaddnsuch a BSLED

?tfuctur_e fésteﬁgtt;% %ﬁ, mgﬁl@%m%%%%m@%m@r&&%ﬁﬁ%&@@%ﬁ%sm% 350 i
assumin a pnire ness | ou um). | e appreciate a person sKiliea in
the art e AN AT ArSaE et A BE a0 15 SR A S P ol e The
ratio '6F ligh®&rairegrash fRdamedivorths 8<Caid s2yse tid Aod cornpriteact 283.18® sapiiwreffective long
sides (corepasgal? 204,243 is-@lp0 IByerel taathd nbBarssanalierveartheriatioosf dightressaping 30from
the side wal e f ISSionN | ical LEP.S r mple

em bodimeéré,ﬁ @%L@@%C%j%ﬁsfgﬁ%ﬂgigp Fagbtr?)i@itgﬂgrg (e:oém Qe%lﬁ%%%dv%?t Pf@gﬁ%@ s(%?d typical top

emitting LEBY RaRiguded keinadn thesuirsbaied 8e8e #18 SRAUAX%AG%he control LED are fabricated

from a same piece of LED wafer 9 with an emission wavelength around 530nm (e.g. green color)
growqson a doublgsSige Rglished SappRiIre sidskaled LED structure and grown by metal
organic chemical vapour deposition (MOCVD) using typical growth conditions. One
example of the LED structure growth can be like follows: firstly, a low temperature GaN
buffer is grown in the range of about 520°C to 550°C for a thickness of about 25 nm to
facilitate the nucieation of GaN on the sapphire subsirate 104. A high temperature
20  undoped GaN layer is grown to a thickness of about 2 um at around 1020°C, followed by
a highily silicon-doped layer of GaN with thickness of about 2-2.5 um to function as the n-
GaN layer 105. N-type doping is achieved using SiH4. The in,Ga, N mulli-quantum well
structure (MQW) structure 107 is then grown. In the example embodiment, the well
thickness can vary between about 2 nm and 5nm, the In composition x can vary
25  between 0 and 0.4 and the number of guantum wells can vary between 1 and 5. The
MQW struciure 107 has 7-30nm undoped GaN confinement layers. The Mg doped p-
GaN layer 106 is finally grown fo a thickness of about 50 nm to 800nm. The p-contact
112 and n-contact 113 are evaporated using an elactron beam evaporation or sputiering
system and alloyed using thermal annealing at different temperature and gas ambient,
30 e.g. N2 gas ambient for n-contact and air ambient for p-contact.

In the example embodiment, the fop p-GaN layer 106 and the bottom sapphire
subsirate 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



Figure 2(a) is a microscope picture of the BSLED structure sample. Figure 2(b) is 5a schematic
diagram of the BSLED structure sample. Figure 2(c) is a microscope picture of the control LED. Figure
2(d) is a schematic diagram of the control LED. In the example embodiment, the BSLED structure
is about 5000&BAg'aHd 500 urn wide. For both the control LED and BSCESSMfE4he metal
layers for the n- 10 contact comprise 10nm Ti! 300nm All 20nm Ti! 200nm Au. For the control LED, the
p-contact metal comprises 5nm Nil 5nm Au and for the BSLED structure, the p-contact metal
comprises 5nm Ni! 5nm Au/ 500nm Al. The additional Al of about 500 nm on the p-contact area for the

BSLED "t af QiﬁwénlinWé’H‘Pr&?q%taEQQE%H%%%'B}%PQE&‘6%ﬁ%"&f&%&@%@%s (compare
202, 204 )0 e BSLED structure. In addition, the 15 control LED an ED structure

each has %ﬁ&ﬁ?%@rﬁ'ﬁ‘%‘f peRip IS S BheRR Stk S BRRALS SRt 9&@555?2\9«905 strates using
e-beam epsipomesitien, ar dphitesidg tolistercietiotitfmubstratitingy fienyaer fouBusratepsigRe. A line 210

observed{ipdighrendil) initke MstakaRE RadRY pahiheaemitranspareat Misfipieurrent spreading
layer. 520In the exam p}.ﬁ embodlmenteghfecoq a%[? ruct%g1 detngA%%t (?Iﬁﬁao??%l ted by probing
aas”

on the respec?lv@ p- conFan}"mrcPs Bnah-comac ﬁ*lp statlon is used for testing the BSLED
structure ahﬁhfﬁé’f&%ﬁfrém_el'iB’W%%@d"&ﬁhﬁ@%&ﬂé{h TH% ﬁ'sﬁ.’]glj\%tﬂﬂlé‘m?é%ﬁd% control LED
are put dikagtiyissuiai coppenbaseudbtine prolke: Katomiiitickhesses pestiibgn-ebotadOsides facing

upwards (saRE AIBRIAYBN A1, 20 3L HRL 0L Flgie crlicopper base can actas a botom

heat sink (compare 116 of Figure 1). er 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
powep (pm) versusrigjeetinameaditer) ivhte a-3thfzeiversntaten ofsthieipdebesitdtafieis disposed

about 1, > S0 g‘y-.af';?@aﬂogm%%ﬁ&ﬁﬂ%ﬁ%@ﬁméhsta%r%@@ . SRglistRNegcan not be

smaller fo ntrol LED due to restrictions of usin gq robes on the tog emlttln structure of the

control LE‘E?!“PH%epB‘WéPﬁ]g{]@IHE%ﬁ‘prE& BeRaE ot 'ohip (Il SOnaRtive P?@gbts with light and -
converts ligipptore|edisivaiesidHalredtal dispiaylayeréiBowetitaete cmioede @héﬂ@%ﬂa‘

bonding pad {(not shown). The BSLED structure 102 on a chip can be packaged in
15  between two metal heat sinks 114, 116 to enhance heat dissipation during high power

operation.

In the example embodiment, the structure 102 is in a form such that the structure
102 gives a large length to breath ratic (see numerals 126 and 120 respectively) to
20 increase the effective fight emission area. For example, given a GaN wafer area of 1000
um x 1000 um, the BSLED structure 102 can be made in the form of a 5000 um x 200
um bar. The total fight 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).
25
it will be appreciated by a person skilied 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
(compére 122, 124) is also more than 15 times smaller than the ratio of light escaping
30 from the side walls to the fop surface emission in a typical LED structure.

in another example embodiment, a BSLED structure sample is fabricated for
comparison with a same sized typical fop emitting LED acting as a control LED. Both the
BSLED structure and the control LED are fabricated from a same piece of LED wafer



10 results for the control LED and plot 304 shows the results for the BSLED structure. Since the
BSLED structure has a larger light divergence angle in the p-n junction direction than the control LED
and since the detector chip has a limited size, the absolute power read from the power meter for the
BSLED structiité"4t #i&*4hme distance is smaller (compare 5 302 and 302§ PESHSHE#HY light
emission from two long edge facets (compare 204, 208 of Figure 2) or all four facets (compare 202,
204, 206, 208 of Figure 2) from the BSLED structure, the total power is higher at low currents than the
top emitting control LED and comparable with ti¥e control LED at high injection currents. 10Figure 4 is

a graph omﬂrgﬂrsrﬁfgé}anvm%ma%m\@-se&w%igz%%ﬁ %Fﬁqw&&%ﬁh& GAHROLIED and plot 404

shows the r?sultc?%ort e BSLED structure, It can served that the BSLED structure has better |-V
characterfEE%H RAPRUT FYREH5an the control LED. It can also be observed that the BSLED structure
uses a smaller voltage at high currents as compared to the control LED. 15 Further, a chromaticity

meter is used topReAsHE he hitidsanse mitblRICRSSIIG desetlifcRrplowhineTRB)6s1 below. | (MA)
VW) gd/ nézséhgn?a%kgigg@%)of the BSLED structure sample. Figure 2(c) is a microscope picture
of the control LED. Figure 2(d) is a schematic diagram of the control LED.

In the exampie embodiment, the BSLED structure is about 5000um long and 500
um wide. For both the conirol LED and BSLED structure, the metal layers for the n-
10 contact comprise 10nm Ti/ 300nm Al 10nm Ti/ 100nm Au. For the control LED, the p-
contact metal comprises Snm Nif Snm Au and for the BSLED structure, the p-contact
metal comprises 5nm Nif 5nm Au/ 500nm Al. The additional Al of about 500 nm on the p-
contact area for the BSLED structure acts as a mirror to reflect light and fo allow light to
emit from four sides (compare 202,204,2086,208) of the BSLED struciure. in addition, the
15  conirol LED and the BSLED structure each has about 400nm of Al deposited on the
backside of the respective sapphire substrates using e-beam evaporation or sputtering
to prevent light from emitting from the substrate side. A line 210 observed in Figure 2(b)

is the metal contact pad on top of the semifransparent Nif/Au current spreading layer,

20 In the example embodiment, the BSLED structure and the control LED are tested
by probing on the respective p-contact pads and n-contact pads. A probe station is used
for testing the BSLED siructure and the control LED. The diced chips containing the
BSLED structure and the control LED are put directly on a copper base of the probe
stafion with the respective p-contact sides facing upwards (compare orientation of

25  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 subsiraie 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

30 power meter of the probe station is disposed about 1.5 cm away from both the BSLED
structure and the conirol LED. The distance can not be smaller for the control LED due

fo restrictions of using probes on the fop emitting structure of the control LED. The
power meler 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



20 4.15 34300 0.271 0.688 40 4.89 111000 0.255 0.691 Top emitting (S4) 20 4.68 73400
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10

results for the control LED and plot 304 shows the results for the BSLED structure. Since
the BSLED structure has a larger light divergence angle in the p-n junction direction than
{he control LED and since the detector chip has a limited size, the absolute power read
from the power meter for the BSLED structure at the same distance is smaller (compare

5 302 and 304). If considering light emission from two long edge facets (compare 204, 208
of Figure 2) or all four facets {compare 202, 204, 208, 208 of Figure 2) from the BSLED
structure, the total power is higher at low currents than the top emitting control LED and
comparable with the confrol LED at high injection currents,

10 Figure 4 is a graph of current (mA) versus voltage (V). Plot 402 shows the result
for the confrol LED and plot 404 shows the resulis for the BSLED structure, 1t can be
observed that the BSLED structure has better -V characteristics at high currents than
the control LED. [ can aiso be observed that the BSLED structurs uses a smalier
volfage at high currents as compared to the controi LED.

15 '

Further, a chromaticity meter is used to measure the luminance of LED chips.
The results are shown in Table 1 below.

. 1 {mA) ¥LV V) Cdim2 X Y
I 20 | 4.15 34300 0.271 0.688
BSLED (82)
40 4.89 111000 0.255 0.691
o 20 4.68 73400 0.228 0.731
Top emitiing (S4)
40 6.00 114000 0.224 0.742
Table 1

20
It can ba 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
25 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



0.228 0.731 40 6,00 114000 0.224 0.742 Table 1 20 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 &P HYIfH thin Au metal contact layer of the control LED. FRES#ENEEH 25 the x, v
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 colouf $hifted towards a shorter wavelength side as

comparedigytiyh BekshHutelWhiddisr anslbRforlerioTihe axibiiaiarsmitiviy-etihe Ni/Au versus
wavelengtl wheh It BARGD structure,

in the example embodiment, the BSLED structure can advantageously dissipate

5  heat through the top and substrate surfaces (le. via two heat sinks), in stark contrast to

only through a bottom contact for a typical top emitting LED or only through a top contact

for a typical bottom emission LED (ie. only via one heat sink). This advantage can be

important for high brightness, high power applications when the chip size is big, e.g.

larger than about 1mm?, and the injection current is high, e.g. larger than about 700 mA.

10 Another advantage of the BSLED siructure s that the current spreading at high injection

currents is better than typical top emitting LEDs that typically use a thin Ni/Au layer with

a thickness about of Snm/Snm (compare Figure 4) ie. the p-contact of the BSLED

structure of the example embeodiment can be made more than 500nm thick. Further,

since there is no semi-transparent metal layer in the emission path to damp the light

15 emission, the BSLED structure has a higher transmittivity than a typical LED. In addition,
the observable light emission area of the BSLED structure is larger than a typical LED.

Following the comparison of a control LED with the BSLED structure, another
example embodiment is described below for improving light exiraction from the
20 BSLED structure using facet coating.

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

25

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 1.8, The dielectric material can be deposited by
chemical vapour deposition (CVD), e.g. including plasma enhanced CVD, or sputtering.

30 It will be appreciated that an addilional process step, such as for re-positioning the
structure, is taken o deposit the dielectric material on one side of the BSLED structure
502. The dielectric material with a smalier refractive index can work fike 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



11 through the top p metal contact of the control LED. This absorbing effect appears to be eliminated
in the BSLED structure. In the example embodiment, the BSLED structure can advantageously
dissipate 5 heat through the top and substrate surfaces (ie. via two heat sinks), in stark contrast to
only through“é%’ﬁ?ﬁﬁi%éhtact for a typical top emitting LED or only throu§h HYep 8MtHct for a typical
bottom emission LED (ie. only via one heat sink). This advantage can be important for high brightness,
high power applications when the chip size is big, e.g. larger than about 1mmz2, and the injection
current is high, e.g. larger than about 700 mA. 1@ Another advantage of the BSLED structure is that

the curreryoS e RpiRg: ALY BABIETIAM YKERIS IS PETierdann nelsallon RTIlBRAEDat pically
use a thin_Ni/Au layer with a thickness about of 5nm 5n%éeco pare Figure 4) ie. the p-contact of the

BSLED st{itiGrcBraReee hen At Ehnstin Nt al e SPRARENBBO AR ®Brther, since
there is n@mwifing tk&Ebspieonthai st alidgriidrpasehatitsdayarpeanng damgethis ligtapiSeittingion, the BSLED

structure pap aihighBsdsansrmbiiyitydhas &fpsatddH 18 adsitipsuthe-lispevablesligdy emission area
of th BSIﬁ%Eg Hetyre is larger than a typical LED. Following the comparison of a control LED
S

with t tructure, another example embodiment is described below for improving light
extraction from the 20 BSLED structure using facet coating. Figure 5(a) is a schematic top view
diagram showindf & B $tafédratr techunes 3108t iensissitinareex aniplene rfididdimiting Faoy keid¢lip is a schematic
side view ﬂ@@%@é the R ek LGB 0Re %%war i this,examaple esahadiment;ghe BSLED
structure 502 com side aII passw ation se rmeéitﬁi %%flelectnc aterials such as 3102
o1 SION WPV e HO Ao BT BRIE bR e i N AT B bEdBBosited by
cheriital eatb@&n@@ptﬁgtmm@va){e@mtmémmgitpteléhwmmm@ﬁt@\amemosmmadrig. 30 It will be
appreciatggbthatsn addiipns %ﬂ%@ﬁ&ﬁ@wuﬁmﬁ%tt%%mmBﬁd@sﬁiw&%%nﬁqtaken to deposit
the dlelecgrlc ma&(e-:-rg?logrfzotﬁ%hsg%%gf he BSLFangtr%%grc% %%2 Th l%l%h chrie m; thrrl%l with a smaller
refractive INdex can work Iike an ant Hec ion-coat ingto e.g %gﬂl & Lamitonductor layers and
can easilyPREdiRetHENg o rRRaaioe Wﬁh‘?‘ﬁ%ﬁ@@%ﬁ?‘@%@@%?ﬂ%‘%ﬁ%é@s of the
dielectric spatesiml. 12 will be appreciated that one more process step is taken to have a high

15 reflective dielectric coating on only one side, it will also be appreciated that the short-
side edges can also be coated high reflective diglectric coatings to enhance light
emission from only one light emitiing long edge, if desired.

Following the description of the example embodiment of improving light

20 exraction from the BSLED 'sfruciure using facet coating, another example

embodiment is described below for improving light extraction from the BSLED
structure using surface roughening.

Figure 6(a) is a schematfic top view diagram showing a BSLED sfructure 602 in
25 another example embodiment. Figure 6(b) is a schematic side view diagram of the
BSLED structure 802.

In the exampie embodiment, the BSLED structure 802 comprises a zigzag or

saw teeth type edge 604. The edge 604 can be formed using standard photolithography

30 and etching technigues. 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 designed for maximum effect. For example, “sharp” triangular

type teeth can be more efficient in breaking the total internal reflection than rectangular
shape testh on the edge 604. The edge 604 can be formed at the same time during the



can be chosen to be about 114n X, where n is the refractive index and X is wavelength, to further
enhance the anti-reflection effect. This is one advantage over a typical top emitting LED given that a
dielectric passivation layer cannot be used in a top emitting LED since there is a metal contact layer on
top of the p-BANSHHEE of the typical top 5emitting LED. If it is prefdf&F fFHEMANGht emission
from only one light emitting long edge in the example embodiment (see 506), the other long edge 508
is coated with high reflective dielectric coatings, e.g. using pairs of Si02/Ti02 or 8i02/Si3N4 with each
having 10 a thickness of a quarter wavelength 1n X. It will be appreciated by a person skilled in the

art that this &an be ggcrir'efgh "é &Iﬂél% %frh?eﬂes%a %ﬁlcﬁﬂae %I %%95643%%% qﬁ gz‘c' n@E gghnlque or on

both the efehed Sre wa asid Ire substrate after chip bar I1sing a facet

p
coating teffﬁﬁi%@réfélyé“%Q&ﬁ%&%ﬂ?@ﬁ%?‘%ﬁ'%bﬂ@&@?ﬁ@&@ﬁﬁﬁ@rﬁ?@ul'ﬁ%I BE Bppreciated that
one more ipragessistefabsidatienatty biasidap leighiin kEflestive diattrarisigoatipgitemioglsndne side. It will

also be am%&%@'i@%@ammcﬁneﬁ eper@aiaessﬁa&@@daetmes@d?fgéwﬂ%@amIﬁlqmnc coatings to
enha ce lj htemlss fro only one Iﬁht mlttln }ongeeq]%g eS|r é:ollow the description of

the e am %@85 ?n%?os\sﬁﬁ%c g?ﬁ BEé:’ﬁrac &ion from th UL & |pe using facet

coating, affstiesiEnaple e dimesiad é&%ﬁ@é@%l@ﬁ%ﬁﬁﬁﬁ%ﬁbﬂl@ﬁﬁ@ﬂ@éﬂ@ﬁ from the
BSLED stuuak tReUsing il iaces @REMisteucture 602igane=ti@hisgeache hatistiepadessdliagram

showing 2 RELER SICHUE. 5020 2590allR" LADBIEA AALIEN: Fiale-0 () angghematic side

view diagram of LED structure 602 he examg e embodiment, the BSLED structure 602

compr|seé'al"fﬁ@%Q@"B?@a@&f%’@t#‘ﬁ/&"g&@tg@bﬂf q‘ﬁe"%ﬁ@' 58 L& B@F&rmewﬁﬁ%%?andard
photadhthographye3D 2 i emnigrptebhHigirsgudrsidywall (sesadorctid)athge 804t tminate total

internal refleetioR i) @rdatrhansabife Bsnissisfudae 802). The angle and shape of the teeth of the
edge 604 can be designed 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 bTdvmexparineshpdinmiie tr Alsgan o2ty i farmp Ahene @i Pt e'§a p-mesa
structure. dheredigesH(ed ¢an, dierraiayedebefonueddidestpyia dizveutiong lightusmizsiadditional

proc%s'”Qréfr?ﬁlénaé&géeé’éﬂr%.TB@éﬁﬂ%&Q@HQﬁEEQlFﬂ@'& g3 el {6 Pes BN isHRY dor D Where
another step oggatternln and etch m{g} IS ty IcanE%f %l'ured or creg’ung ructl%es on the top surface. In
i

addition, it SCEESEH R EaRt AV aFha3g BES {ch& Erface structure in a

typical top emitting LED cannot be varied arbitrarily due to the nature of the plasma etching while the
side wall in the BIShﬁ@é&w@ure;ﬁ%mfmerﬁmwlﬁw@ai&aﬁéefé@nd gigheddacany desired

shape irougna IBOIRRNY Rigerts: Euliele M5 9seH shface biRcalbaageiiby conductiviy o
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Following the description of the example embodiment of improving light
extraction from the BSLED sfructure using surface roughening, other example
embodiments are described below for high power, high brighiness applications e.g.

25  farlamp devices.

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

30 Figure 7 is a schematic side view diagram illusfrating two BSLED structures
connected in parallel in an example embodiment. In this example embodiment,
' respective p-contacts 702, 704 of the BSLED structures 7086, 708 are connecied to a “+"
pole of a power supply (not shown). Respective n-contacts 710, 712 are connected to a

ke ll»

pole of the power supply using metal contacts 714, 716. Thus, the p-cantacts 702,



10structure 602, advantageously, the irregular side wall (see edge 604) does not affect the metal
contacts (e.g. 606, 608) of the BSLED structure 602. In the example embodiment, the zigzag
pattern is formed on one edge 604. The other edges (ie. 610, 612, 614) are not processed so as to
have more li§iit #tdaioht 15from that edge 604. It will be appreciated thafSH/tEW8§eY #te. 604, 610,
612, 614) can be processed to each have a zig zag pattern or saw teeth type edge, if desired. In
the example embodiment, the n-contact 608 is connected to the reflector surface 610 of the sapphire
substrate via a metal connect 612 as an electricil 20connection. Following the description of the

roghen e b T s
i R S G A T o AR A e
structuresuéing Bahindoriad Wvakorize dairmstahigpelso Wi, TAGh7BE gambostiapiche@irsini80Figure 7 is a

schematiGgittsiasevdst aprasnillisbeing wacBset P sliRIskarescenBegiagnn parallel in an example
embogdiment 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 t& §4® Fol® BriFePalife et pARY UdRARetistEHgctyy BELERS Strttlérahe p-contacts

702, 14 7iptzeidadmegpescn etitgneT eametatmbotiotat/ Inihkl 6xanepeoambstitrdstd, thay'-" pole using
tbfllin E?%ééhﬁ@ﬁs@%%ﬁ@%st%&%%@qg,erQétrﬁé@t Q@ﬁﬂ@z@tﬁ%%@?éﬁé ef@&aﬁ@gha thin metal

oc al.blo c nction as inks a rodes. Thus, wire
bonding isagggégsé%a’%u{ﬁ%@x\g?n%@ee%B%Ig?r%%g?mqtg'sﬁ i n-contag‘taé'; Olﬁher]BdSE Stucilie

"ok

10 804 is connected fo a =" pole of a powser supply {not shown) via a metal contact 814. A
p-contact 816 of the BSLED struciure 808 is connecied fo a "+ pole of the power
supply. Thus, the p-coniacts 802, 816 are facing in the same direction. The p-contacts
802, 816, and the metal contact 814 are in elecirical connection with thin metal blocks
818, 820, 822 respectively. The metal blocks 818, 820, 822 can function as heat sinks

16  and electrodes. Thus, wire bonding is not used in this example embodiment.

Figure @ is a schematic side view diagram showing two BSLED sfructures
connacted in parallel using wire bonding in another example embodiment, In this
example embodiment, respective p-contacts 802, 904 of the BSLED structures 808, 908

20 are connected to a “+" pole of 2 power supply {not shown). Respective n-contacis 910,
912 of the BSLED structures 908, 806 are connected to a separaie "~ (cathode) poie of
the power supply using wire bonding (see e.g. 914, 218). The p-contacis 902, 904 are in
electrical connection with thin metal blocks 918, 920 respectively. Thus, the metai blocks
918, 920 can function as heat sinks and anodes. Respeciive sapphire substrates 922,

25 924 of the BSLED structures 908, 908 are connected fo metal blocks 626, 918
respectively. The metal blocks 928, 918 function as heat sinks for the sapphire
substrates 922, 924,

In the above example embodiments, stacking up LEDs can reduce floor area and
30 can allow more LEDs to be arranged in a 3D space. Thus, the plurality of BSLED
structures can lead fo more luminance. Further, fin like heat sinks can be aitached to
sides of LED chips ior enhancing heat dissipation. A plurality of BSLED structures can

be used fo form multi-chips.



Figure 8 is a schematic side view diagram illustrating two BSLED structures connected in series in
another example embodiment. In this example embodiment, a p-contact 802 of a BSLED structure 804
is in contact with an n-contact 806 of another BSLED structure 808 via a metal contact 810. An
n-contact 81%B#MEBBHED structure 10 804 is connected to a "--" pole H & F&REBSHHSK (not shown)
via a metal contact 814. A p-contact 816 of the BSLED structure BOB is connected to a "4" pole of the
power supply. Thus, the p-contacts 802, 816 are facing in the same direction. The p-contacts 802,
816, and the metal contact 814 are in electrical ¢é®&nnection with thin metal blocks 818, 820, 822

respectively. The- kel dlgcks 448,820 #a8 Gah biuslnas b sliisInanf alegligaes. Thus, wire

bonding is not used in this examc%e em ment. FI&"& e 9 1s'a schematic side view diagram
[

showing tRPBREEHRATREN L R F¥aMRRIS PRRPIRPrUslG WP i SR%FRSIRER S @Emple
embodimeniralittisBStdan plieuetwise dimett04e $pRR ivengesbimact® $0a8c9 (Aoof¢HEBSE ED structures
ggg 92;? %@k@ﬁﬁa@@'&t&@\tﬁ%t&gfgé&n Wlﬁ@faﬁlﬁwﬁfesz@y (e ét’r@é@!&)} ﬁﬁﬂ%g‘&@ﬁomaas 910, |
of. the ructures : onnected to.a.separate (cathode) pole of the power supply
using tKs/vireﬂlt%%n |r|1%g[§(§%lécel{rge.s 51%1%}%% ﬁ%é:%%%gﬁtgﬁgtpse §%‘§,@gﬁe§éiHsérfgcatlr)f‘(,gglegg?mrnoerction with thin
metal blockaVe keoorpings Helddive sharasihp dabicPpfotkectas sopcear lRclibh @sHgat sinks and
anodes. Respecthaisapiibiresfiedirinatesd22, 25 924 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 embagdiments, stacking up LEDs can reduce floor

area and 30 can'BI¥% AR TEBLRAR SHRAYREN L3P SFRS M HRYE e Bt afty-0HBSLED
structdres keshlighing doyndrectinbirainoehe HELER firdikere catemkinaind BatERrautisides of LED
chips for qataa@gfgm slpﬁé’éd&@&iﬂﬁﬁm?.- ﬁg&wawémé B@&%&ﬁmﬁg@mqm@%@%%&ﬁf@rm multil-chiDS-
15 Figure 1 | ic t,view diagram. VIC, in_gnother example
erbodmalt eI ABA Aol e AR oo et L ARG ot
structures ¥agrarpdusiaing aPShgebsivaiyn %%@.@i&h?é‘i@(ﬁ?@g'%ﬁ‘gﬂﬂﬂ&sﬁfe“@i‘éw diagram of
the lamp devidss4:062. thglthiemissiemitog UE® sidels=0BSUER BBidEDestriiiunits ¢og. 8304, 1006 can be

more1f3JII31/ %{é@ﬁ}ﬂe@éﬁ%ﬁi%rﬁa@%%i%&% ?%V\fﬁl iW&? g@mlﬁ@? Itgb@?@nﬁetlﬁmp gy tél;sone Sirg_ctiont
e.g. see : casing .can be made of hi n metal. et another example embodiment,
o DL ED SHTERITS 1 MR R 7B SRR o) e W0, e L B EeED Bt B or mounting
the BSLEMdheitwir@mial4 light spreading thin film. Figure 11(a) is a schematic diagram illustrating a
control top emitting LED 1102 fitted to a light spreading film 1104. Figure 11(b) is a schematic diagram

lllustrating BSHF\B;@%GL%%%CM&Q@%%%%% 9\%}1 gaguy FiEIEfE&%g(}% EARPEQRESrved, the thin

4 %
side emitting LED or SLED structure 1106 with Top and 15 bottom €lectric contacts is easier to fit
into th2 thiFTHGITS FRBAGHT] &N PP A L AaspIaTe S SHRSE8RA% ol top emitting LED 1102 with two

electrical contacts parallel to the thin film 1104.
Figure 12 is a schematic diagram Hustrating a BSLED structure 1202 fitted to two

light spreading films 1204 and 1206 in yet another example embodiment. In the example
embodiment, the BSLED structure 1202 comprises fwe long edges 1208, 1210 fitted to
25  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 refiective material. At siep 1304, an electrode is coated with a

30 second reflective material. At step 1308, one or more layers of light emitling material

are provided, the layers disposed between the subsfrale and electrode. At step

1308, wherein in use, the first reflective material and second reflective material

reflects light out of the struciure via at ieast one light emitling surface and in a
direction away from the electrode.



It will be appreciated that both the two long edges or all four edges of the BSLED 20structure can have
light emission in back lighting architect designs. Figure 12 is a schematic diagram illustrating a
BSLED structure 1202 fitted to two light spreading films 1204 and 1206 in yet another example
embodiment¥f #¥ékdtiple embodiment, the BSLED structure 1202 corRpAiség4(63't6Hd edges 1208,
1210 fitted to 25the 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&vith a first reflective material. At step 1304, an
electrode is coated with a 30 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, fH?eeﬁg?%ﬁgﬁff\%%%{éwgl%ﬁﬁmﬁﬁsré’ﬁé&W?é‘qﬁéﬂ%’ﬁ&”ﬁ'@ﬁ@&g ¥GHBUt of the
structure videaiekeis pbad Hgrtwatittn g kerttacendsdtisirateicodtionfzasapfitben fiie stectrede. 15 The
above desgebest@xAMMHREEMBRMMERE SaMPIOYIASHoRE RN RsEoAkI B e sidefagrts of a LED

stuctyte. Jedonandsibsaleae sdages obieeR Rt AN, ale Geaied i metal lavers in the

example embodiments. The metal layers ca fURcton 5 as elec HCar coMatts. cur Eent spreading,

reflection FFFEPSREPREAE didigiutNaria)siaias Gre he divutrnip erfyRmaje ahrdimasiscan be handled

in the exahsdiegensbddihirethis ekteatlg endratiackntstban dxadizpleses fodigie btgicas fag disisipated through

both the tQpRpgsuRstrairqaLrelal lavals ialcBhedRi4rheanareier (9,0eatsiks. In one

described example mQ,od|me wijth zigzag patterning,.the TéR nd, Snell reflection can be solved 10
B e &GS Aot

in the BSLEB'® PR NED ZP R B S e ARSI PR s raction. The
zigzd§ paifeingREPoirdeHe iV itezigaee: Beprantel mdengetsimgar satpriutsidhe dightalso be solved
directly byestigiog# ametbigiap fteaihs dEinee dnenettiessrbetbpxamplessnkaninerhwith a dielectric
passivatio , Il reflection ¢ e iglectr} ivation layer itself and can
be minimi%é?)&)%ih%gﬁlgi%ga%et %rié%% h&%g}@rrgd%%ﬁgcﬁ(?cﬂ@gr&tiﬁgﬁgﬁ%ﬁéﬁ%ﬁtirl)nn Hlackness, such as

-1/4n X. THESHHRSS e winroRayinTen &t Ba@%’i%{ﬂﬁﬁ?&%ﬁ%‘p@gﬁfoﬁhﬁﬁf’?@dﬁﬂ@mrface reflection
and furthesaanbanestigghtbgxtra clidadronpastiElicahipydn ithalf exaitple issnbbdnzedts; the side emission

BSLED S_twmr&ga él@%ﬁé@vﬁ&eﬁ% P RIRRR CEPOSHIOhT APRaL LRSS IO, AS for LCD
backlighting, the I? LED strugtﬁze_oif the 20 described example _embodlments can have the light
spread intd"% ISR 8RS 1 5 ?‘ﬁgﬁnﬁﬂﬁs’éﬁtﬂ’ﬁdwmg%&ﬁ@ﬂﬁ%t?ﬁ%ﬁ?e“ﬂt%ﬁ%ethe film. Using

the BSLEPHgatieturantofurtber beididngistifight aexieastdon Gom saiREs eircelfewer eEDwiare required.
Thebrle is aigmpEBRIOVEdthe ERIBTHRSHIET mssaﬂiﬁ_@ﬂﬁe&:&nﬁé@e, grﬁﬁr@ei%é%sw%?%ﬁswerdLED g ri\ée
roblems. | S,US ti ucture o e describe
gxam le eﬁ%&?@ﬂe%%/ %éﬁagggn%ﬁ rgl;e#inogtg‘ elth%%%?ﬁ\t’}é?géa ?/ g%%reéra%ﬁug lfarc{?kf"ngmc%ips to make a
Iamp?Br otfiesciigrt Sparia s RedRnRgR e ie athisneadivap bRt se'sede fIBAVLEDS since
typical LEBsuniing sudllyurpogritedBSitElb gieidiiin ink® feféice BoMbatabBSeEdesttitted: example
embodimests ean-Redytingledrndlighiawes AiglPEsineRsaRmIcaionsheerddarge chip size and

high current injections are,used. The relatively larger length to breath ratio in the BSLED structure of
the descrig‘ga !-{-'narr%vﬁl% uenr‘rf]%rqutlj%%vr?trs{ggﬁ%§t¥g?%rgi§§t gﬁ%l%ﬁ?n@ﬁ#\%@ﬂﬁ%ﬁﬁ F?the same
amount ofdGENPTRRIESRaI RS bisth Pavesl appligaiRng vy, mHE-e5iparilisBbsERsisidersweface coating

25 he 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 advaniageous over typical LEDs since typical LEDs are usually mounted side by
side in a 20 surface.

30 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 targer 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 surfaca coating



WO 2009/131541PCUSG2008/000134 17 with e.g. Ag or Al layers can act as mirrors to have light
emit only from side facets. The surface coatings can make current spreading across a whole surface in
a LED uniform and can provide heat dissipation. Both current spreading and heat dissipation are
considerable¥é? R BaFfént injections. The above described example emBOHiHR3ME/ WiiBHalso provide
a side emitting LED structure with a 360 degree light emission as compared to a 180 degree light
emission from a typical top emitting LED. The BSLED structure of the described example
embodiments can be used for LED fabrication atitl applicable to LED applications. The BSLED

structure of.the 10,described example embodi ecially useful for high power and high
brightnessW %55& ﬁ'aﬁ%ﬁé,ﬁﬁj%ergscg%l?gt sat%t“e‘%ﬁ%,?fEﬁ%ﬁ%ﬁ%ﬁ?ﬁéﬁﬁé&%ﬁc@%yEﬁ%e of the
describedSSRARTTOBIITRAM BIFKE CAF L SR5RRAB IRRIRS &&gﬁle B frsR/ifct bEReH gt emitting
devices aaddpparatoviddt ke biisajpatieaiaBedhbyeradrsorestifie demi thezartisstatiomeraus variations
antifortrg%ﬁﬁag%ﬁe@?g@wf&@ iPﬁe%%r&(‘iﬁ%‘_éﬂBV@tngiﬂﬁd%l%w&é@%st?ﬁgﬂgriﬁg &mboditments
without departing from the spirit or scope of the invention. as broadly described. The presen
emboRim e EFIRE 8ie ST 5B et STAEr MR D UERTS i RURAR iR YB Fbatictive. 20 18
CLAIMS 1o A'iighdearsaighinoinsisn fiom e twisasipacmiiéindhfitising a substrate coated with a first
reflective metal material; .

The BSLED structure of the describad example embodiments can be used for
LED fabrication and appticable {o LED applications. The BSLED structure of the
10 described example embodiments can be especially useful for high power and high
brightness applications, such as solid state light, LED backlighting. The BSLED structure
of the described example embodimenis can alse be applied to organic or polymer based
light emitting devices and apparati. ‘

15 It wilt be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the inveniion as broadly
described. The present embodiments are, therefore, 1o be considered in all respects o
be illustrative and not restrictive.

20



‘an electrode coated with a second reflective metal material; one or more layers of light emitting
material, the layers disposed between the substrate and electrode; and wherein the first reflective
“metal material and the second reflective metal maferial are each configured for conducting heat from
the structure; and further wherein in use, the first reflective metal material and second reflective
metal mategiplygigcts light out of the structure via at least one light emitting surface and in a direction
substantially parallel to the substrate. 2. The structure as claimed in claim 1, wherein said at least
one light emitting surface comprises a zigzag/saw teeth type edge. 3. The structure as claimed in
claims 1 or 2, whetein saidiightezstttng digiesstitthg sutfacdrcommisesariaper of passivation material
for reducing light reflegtion. ~.dled OSHSEUGLURAS Slalmedin RABAQE 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 materfl %‘?‘3%69?3@%%*@@%&9@@%'6%@1 At @AREIY surface. 5. The
structure as claimeddoamyopatagbaiapmphbiieritiieremndasligh: pmsidispissedebgheemitting
surface, otqlgz(r3 Ié%ht g}ilettln sqrfatcrzggecorrqgrlse a layer of reflective material for enhancing light

emission via sa bc?nre |g|a”|t er%ﬁﬁng Surface. 6. The structure as claimed in any one of claims 1 to

5, wherein the elettfeiieitdhgpliisé selleeizervatehiatiaapbnad due seoRRTtHRdRCtIve Metdle structure

as claimed jRAaP BR A LRI Bh Aderéd WHRISHA BB HER Roi® ihénadeemre! ar@elamaylar block
comprising two lon ed%[?s., the rectan ulgr bLPC .having al Iength, t? br%adth ratjo o at;[out 25:1 or
about 10:1. 19 e RiiiRGure B s Faiedsivad ' Wiierein e of Dot of § %%\ﬁ% edges are

coupled to restee otivdeligght refiissdelifighfilmgst di$ gbeestpatatiel tGtlat sasttare lightBmMlEngtructure as
claimed in apyQae HELAIDgiRR G Wkienls $HhsiatR, (he slectrade or both are connected to a

heat sink. 10. The structure as claimed in any one of claims 1 to 9, wherein the first reflective
metal material and the second reflective metal material each comprises Ag, Al or both.
2. The structure as claimed in claim 1, wherein said at least one light

emitting surface comprises a zigzag/saw ieeth type edge.

3. The structure as claimed in claims 1 or 2, wherein said at least one
light emitting surface comprises a layer of passivation material for reducing light

reflection.

4. The structure as claimed in any one of claims 1 to 3, wherein for
light emission via one light emitting surface, at ieast 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 {o 8, wherein the
sfructure is in the form of a rectangular block comprising two long edges, the

rectangular block having a length to breadth ratio of about 25:1 or about 10:1.



11. The structure as claimed in any one of claims 1 to 10, wherein the first reflective metal material
~and the second reflective metal material is each more than about 10nm thick. 12. A lamp device
~ comprising a plurality of light emitting diode structures, each structure comprising a substrate coated
with a first reflective metal material; an electrode coated with a second reflective metal material,

one or more layerg of lightemntiirgunatayialathedaverslisppsechbrinesnethe swbsteitenand electrode;

and wiperein r&we first reflect|vg r%netal ma&{eria‘.aﬂ{j thF %%?rgnﬂlggfl%ggvgsr&?tagmﬁléfrtigl are each
configured f5I%6i gﬁéti%eh%oa RO the s r%%‘ﬁ’?e;'%nd%r?her 9 MR SRR usg, {RETirst reflective
metal mateifigl stnecBaeond reflective metal material reflects light out via at least one light emitting
surface of the structure and in a direction substantially parallel to the substrate. 13. The lamp
device as claimed in claim 12, wherein each structure is in the form of a rectangular block comprising
two long edges, tfe rectanuRMSIOER ASVRITRER NGRS BREHFRIRE of Bcbéu P8 Wout 10:1.
14. The lampldgndte dclitentestio @ldiots 42 cotBevtbeteira theapkinglity of light emitting diode
structures are electrically connected in parallel. 15. The lamp device as claimed in any one of
claims 12 to 14, wherein the plurality of light emitting diode structures are electrically connected in

series. 20 1616he 147D HEvrieraLeISAIBEHIARNYRNGA SRS 16P19, Wi R plurality of
light emitting«liadacsfvetuirgarenalecisicaliy cornesieshdsirgisdted ondiag materdal. Fhenlamp device

as claimed égr%n iSonerf 9{1’:”’]‘] é}% to 16, the lamp device further comprising a casing for reflecting
light from the pﬁjraﬁtsy St light e ting diode structures in a desired direction. 18. The lamp device
as claimed in claim 17, wherein the casing is in a spherical shape.

11.  The structure as claimed in any one of claims 1 to 10, wherein the
first reflective metal material and the second reflective metal material is each

more than about 10nm thick.

12. A lamp device comprising a plurality of light emitting diode
structures, each structure comprising

a substrate coated with a first refiective metal material;

an electrode coated with a second reflective metal material,

one or more layers of light emitting material, the layers disposed between
the substrate and electrode; and '

wherein the first refiective metal material and the second reflective metal
material are each configured for conducting heat from the structure; and further

wherein in use, the first reflective metal material and second refiective
metal material reflects light out via at least one light emitiing surface of the

structure and in a direction substantially parallel to the substrate.

13. The lamp device as claimed in claim 12, wherein each structure is
in the form of a rectangular biock comprising two long edges, the rectangular
block having a length to breadth ratio of about 25:1 or about 10:1.

14, The lamp device as claimed in claims 12 or 13, wherein the

plurality of light emitting diode structures are electrically connected in paraliel.

15.  The lamp device as claimed in any one of claims 12 to 14, wherein

the plurality of light emitting diode structures are electrically connected in series.



19. A method of forming a light emitting diode structure, the method comprising coating a
- substrate with a first reflective metal material sucB that the first reflective metal material is configured
: _ 20 ) ) .
for conducting heat from the structure; coating an electrode with a second reflective metal material
such that the second reflective metal material is configured for conducting heat from the structure,

providing one or mere layees iafligakorittiro-ramtedak Hie/layersidisnesetbetweertibagubstrate and

electrode; ,, . uhergninuse. e istrefledue metalmaterg) and second eflective metal material
reflects IighPOlR 0 ’h SRTLreVia % 1e3st She |gtr1€t=’ emﬁtlng AL NG 77 '8 AR o Substantially

parallel to therstingtrate. 20. The method as claimed in claim 19, wherein the structure is formed in
the form of a rectangular block comprising two long edges, the rectangular block having a length to

breadth ratio of about 25:1 or about 10:1. X ) _
17, The lamp device as claimed in any one of claims 12 to 16, the

lamp device further comprising a casing for reflecting light from the plurality of

light emitting diode structures in a desired direction.

18.  The lamp device as claimed in claim 17, wherein the casing is in a
spherical shape.

19. A method of forming a light emitting diode structure, the method
comprising

coating a substrate with a first reflective metal material such that the first
reflective metal material is configured for conducting heat from the structure;

coating an electrode with a second reflective metal material such that the
second reflective metal material is configured for conducting heat from the
structure,

providing one or more layers of light emitling material, the layers disposed
between the substrate and electrode;

wherein in use, the first reflective metal material and second reflective
metal material reflects light out of the structure via at least one light emitting
surface and in a direction substantially parailel to the substrate.

20.  The method as claimed in claim 19, wherein the structure is formed
in the form of a rectangular block comprising two long edges, the rectangular
block having a length to breadth ratio of about 25:1 or about 10:1.



