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Tunabl e Wavel ength Light Emtting D ode FIELD OF
| NVENTI ON The present invention relates broadly to a

wo e@ht3mEsi tting di ode and to a nethod of fabriPel/sGL06/000263
light emtting di ode. BACKGROUND Light emtting diode
(LEDs) have been used in nmgny applications such as
outdoor full colour displays, traffic lights, data
storage, solid state |ighting and conmuni cati ons.

Present |y n onl it Jight _at a artlcul ar
wavel engt ”"%ﬁ? WEE@?%@&‘%@ BtinchPd@deepar at e
LEDs emtting light wwth the three primary col ours of

bl ue, green and red. Conventional diodes are made from
i norgani ¢ conpound sem conductors, typically Al GaAs

FIE[_E%S%W@IENE . P (orange-yell owgreen) and I nGaN

These di odes emt nonochromatic |ight of
a frequency correspondi ng to the bandgap of the

c uct i fferen in.the ..
degﬁ%dgfe%ﬁpqvﬁ@ % " qﬁf@§egr8?alye'ipeﬁtI'Qi)gteé?'ft'gpsd'f?gﬁ and to a

meibad o fatbnieatproob lighhemittinh dicelet ent of whit e obt ai ned over
time. This also applies for the phosphor-based white
LEDs, where the different rates of deterioration of

BACKERPUNPhors makes the lifetinme for which the device
can generate white |ight shorter than the lifetinme of
the devices itself. An additional problemwth this

appiBhcamitting| diere 4B Raveskeesn UsaT incmany yapplediors such as

outddb‘ﬁsﬁﬁ étm@hrcéhgﬂbﬁé( f?é"ﬁl‘ﬁ@hfb@ dhita ast%@épgglfd |s@éf§rlldhﬂ§g and
be |ncor$orate i nto devi ces, whi | eads

COW'%PH%BDF %etnyv’de%%anL@wé emit jight gt a E%qﬂew'ardwg\ﬁﬂ'e&w White
LED&@%LI?SS% WS efthicR é@@akalté llbms @mtwtrgin%rﬁ with tﬁesm]?ég pr?fharﬁ/ f&tatours
he const an 0O 0 I Nl ensi
of DS geen i tnct | Saveniangh BrEehate e o Morgsise fapound
senbmﬂdctmEDSypum;as@lm@\As Cleed)] AYnGaP (eangeselidvegreny eintl InGaN
ot Pk ubdel o Vo Sy S i 555 bl iiebanang o
the bamgaesaf ttheeccmnposlsd sam@bndvutdreThe differendd ingha defgmddat}qn teme of

the@hﬁéraﬂp%@?%rs Qne%sgq g?ob%ﬁﬁ(iirr b g@rcﬁt c%Hamed over

r onat reen
time. Hisealsepppligs fariibe pmsmw-b@eéa\rhltg ﬂ-E@fsawherg th@ﬂlf&ecﬂmatﬂtes of

detétordtioR cﬁr}ﬁé FE)Rprh‘Bf;‘é1 Ht%ﬂé§ tr{e' H’Qﬁmg%rywﬁEh "i‘he devu:eh can, generate

artlcu ar wave Furthernore, th proac

Wh“éﬂﬁéhirh%r e tb% F"@i% %tbﬁc@evg@é hts@f Atﬂ"l@?‘ mél prgbl@@rw'th this

ﬂﬁa@h rmhde@mh

ack is
ph°5§g°é gaVEE'E%S rdncarporaler H&#ﬁ\'@@? i ‘Fﬁ‘i’setPé’s‘%O“ reliabiliy of
the LEDs. In full color displays, LEDs are used in backlighting and it is essential that the

LEDs emit light with a constant ratio of intensity for the respective component
wavelengths.

In phosphor based LEDs, phosphor coating can be used to convert blue LEDs to
light over a wider spectrum, typically yellow. The combination of yellow and blue light
enables the emission of white light. Alternatively, a multi-phosphor blend can be used to
generate light such as trichromatic red-green-blue (RGB). However, the extent of the
yellow, green or cyan is not tunable as the phosphor can emit light only at a particular
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in the field of optoelectronics as their bandgap

varies and cover a wi de range of em ssion spectra from
wabkdsaxiied et to infra-red utilising binary andPCESGZNN§000263

alloys e.g. AIN, Al xGal-xN, I nyGl-yN and |InN.

InGaN GaN mul tipl e quantumgrel|'s (MM) are often

enpl oyed in the active reglons of the group

[I1-nitride based LEDs and | aser di odes (LDs)
wavilsigtiie Furtheraogs thaaparoagh dmeKeessive rRadngamaenenge gadesf the

blué gteRHNdGERLERSESs todsenRfetsby indBSdhdBhiG arldh eeMRR s Hatdled.
to be incorporated for |ong wavel ength applications

such as green or red LEDs. Furthernore, the |ight
outmidngef LEDS, e Itieeide béseble_lElD@\MégG dttfa@fedbogahﬂerable interest
.em 0 t ncrea3| vel ength o
in i SR 6F aPloslhclr Tt Ar Sk HBNGHBu te orRs PAAT & e 7 of

emibslort Bgedtradroragkratviolet toeinfraveal yitisiag ibbvanoand terdamy alioys e.g. AlN,

Al C%?ié cb\}@?*dhl | nclg?rhhf)qﬁ&%}én @Pﬁﬁ"‘é dg'éé lr-'ﬁécenl{s @\ﬁdw giém()ﬂen

emjojopaedit innthel gtciiveh mgiaorbe@‘mhemblm dnitrige Cmsed ¢£Dsl and] Boer diodes

(LD%iog-l %V@r éi\t/aé(@ gr?@@ Q@éﬁ/éaﬁl]MQ&U? g@?és a g’?@}? cﬁallenge

espeﬂalmmlnem lmgh Uecqmmaambe ingppatatec:ier long mmel@gthuapﬁ#caﬂons
suchiz tsrdrc%ﬁl 4! reﬁﬁbs qﬁﬁfﬁe\’lﬂ?r@"ﬁé lﬁmocﬁﬁ'ﬂﬁ Qfickndy fénag k&b Rfbered

In mu | nxGal-xN [ nyGl-yN quant um wel QN8
for mteemlﬁﬁ%antbynmqﬁl@ wavqmgﬁy P hksharn'.n( lmrﬁeraw Loweting the

gro@fht fefripefatt 38$ultd Uh tHEOinMoedd; rgﬂh@\/tﬁdbrp@élﬁ)nté’fﬂn but a reduction in
t ol um nescenﬁe wavel en th has. been_ shi ed from 480

thetp GO@W'PﬁﬁCFGCG Ehhinienety as) ecﬂ(ﬁfﬁ ine igHglty Isqggradeg g,
p485-487, 2002]. However, the growth of the LEDs using
VTR R ] S bt ard LR SRR RY Bpa 5L Tseg Yip chua

et #e0Se200800284X7r AM) H’mﬂS@MeG&NbI‘QB@DQ%r@*eSelmr@e&hﬁﬁ tnithe PL

oGO 13y e e B Ao BB, SRR Y cuantum
dote mimbetded fir @singlet andt Unmuu:bleeldx%&wmngfém yNrEaRtu wetis) (QWS)

wer@gé éc%hsm@ﬁﬁﬁé&ﬁ@lnﬁmﬁ{ ﬁ'lg}ll ?9 %étaﬁrhlﬁmgmb

Tving r st on visible'r

andaihe pgeioltmmacgme wanglensth 'hﬁﬁ/b_eebéétﬁtedéwe%?&jwﬁorrgn [J Zhang
et. éﬁ WBEIthyé’\'fLelttevW ';ﬂ@g 48% %2! hjid\%véln(ihé/ bl‘b‘\l\% o*—@@q_@seusmg

fabricated from GaN based eria ste
suchy@ fehRisg HoiYesemly @FQﬁﬂ‘e@m'SWﬁé rirosy a&jX/@@%t mqre 'a .%er&'y no

possibility 60deingtd il éﬁhs%h HroflinBGafii@aN Maws. méréﬁSoloHéﬁb %nd co-

woRk G B B ARt A AR oDt Leth JBT Iee AT 2 e ferorted

on W2ar (b eMRBidh4 Fokli §|_Q=J @Sﬁlﬁollédbpyr@ﬁﬁab!théN loianigaf elots (QDs),
hovy)ealgbg{ réelcjfsﬁ rgo:] Feség(r]too&% gg}_)g%%gq_%d]'&gﬁélr&h Se’m?s%%n. Practical visible
redroaargdel arb gellmphlight [sbyrcde have detre aphiatesl usngiAllhGar dwhiler bright
grefer(?,rm iar‘\)dqviglfet Eéne gFertlé&Iic%Ee%sfro% dgil\fjt?ased material system. However,
even though these diodes, when added together, give a full color display with sufficient
brightness, there is no single MQW structure which can emit light with tunable
wavelength.
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bandgap materials and has been used for fabrication of

phosphor-less nonolithic white light emtting diodes.
wab@sHatisd cati on i nvol ves the tuning of the siPer/e6G20061200263

QDs to generate |ight of different wavel engths. Wite

light is collectively genermated by m xing of QDs sized

to generate 30%red light, 59% green |ight and 11%

of (& Batbot senlfaorbh Gt i REOSIAIORGEY FEFGRfpheaton of low

deféc@ Cr'iHHoGtr'@c‘iureg hats wideh ﬁalﬁdﬁéFl grtdriar éﬁkﬂ Udptﬁeo&oﬁpe cdedlces. A

ate to generate t S t
nanphggrge Al LR 6 WPl STation G petesiiabes ebyide
bantdb@p ﬁﬂfﬁ?i'a%ﬁtha%l’Héeﬂ asbd 6r fhbrati@sof fhosphdciERs. masBlithic whlte

s GG TN T

gerereie tigha of Uiﬁeﬁenhwsiéelmythis XVitedight ipcoltetively gejterated by ewixing of
causes, t Q 0.&4n lo/

QD8 et 8 FERERI 70 TR Tl O RERGR s 124 Blte 1Bl e nano-

patterraseipsimatn includep dhey mee of SiD.oid otiet PatRMgasisuvintotithograPhy

tec%{a@’és” gll'hzlg gtﬁg gébycﬁl@héleER % sd g%g?ﬂl‘ ?&ﬁﬁéﬁb q@beﬁ&@@ tﬁé forfiktion

solid
of the QXS patign tosgive the, dlffagenhcnlguaﬁmgswn Swmg@@cqe@ses the complexity

ano' édsﬁgf‘tﬂ?k%umhﬁﬁgg,s causi ng them to photol um nescence
Ight of a colour characteristic of their size

distribution. The light may be pure col our
( cous gsna Hpplicdtion HubkdzBeh LI5S PeEs/$17660 (1S tistibsdsi am efettronic

guant um dots) or, m xed, c our co on t
de‘ﬁﬁﬂ VYHirR sempeses; of Ll empe Bﬁ(*bffs al?irﬁ‘t?lﬁ i o'.'ya"ght source
wh%ﬁ"d%\d@és thaoddts) td Renitf sdebhaRy mgmt asfeq geleeind a:oiqmecTraaI host matrix
corr_sm?en‘ﬁ 3 ﬁ&d traqsngre?%;g’gsélgpn?t (E]OIH%)(Ig @MQﬁ%}ﬂp‘%ﬁtum dots of varying size
distrisplicnThé quamnm@bt @%ls‘m)fcmatm $ush @is gnSiEmSer Cdbs and CdS. A
I,C uenc C t
soliﬁhgﬁr CIE%Y 5§urtcg,cﬂo suaénc:I s Cg?é%fﬂ: ﬁummﬁthe Hc%tg rcgusm% them to
phatolsimirascerve ligBDRsf a aoldun cmraetanstvaldf theipsizectisgidbution. The light may

belpHF%Poqglﬁe(tgcgr?esg%dﬂ]e@@fgoeg t'ﬁﬁ({fj{\t%ﬁféégrﬁ@)élzétdlsg%ﬁbﬁ\b'f Qﬁarﬂum dots) or

ess at | east
mixade cobur keormebrandingr tshiae pelydispgmamrize| distibuliang gh cEariimy dots).

Hoeldr! ggalﬁstﬂﬁ%ﬂﬁﬁatlsﬁ%ﬁr%§ea”"spédwe@m&ﬂe’t hesr& d Bost matrix of

provi t emtting diode conprisin r st
polymern urihermaora et fahtisaiPn Jequiiendhe mealeerieion o/ fich use
forbigR lnfdt%r?a‘is %fcp%%deﬁbﬁ‘&e?ufﬁﬁk&dh@d TGS, thiE Papricatiog technique
S nucl eation sites for quantu

is QOIS aRE sy IREERASEp 4Gt 6t qE Héfgsﬁ“ﬁqﬁa}gh%lﬁf quenched
lursiRéstaflcsset of MW, each of the I\/Q/\:S of the second set

formed so as to exhibit a

A need therefore exist to provide a light emitting device that seeks 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 comprising a first set of multiple quantum wells (MQWs), each of
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phot ol um nescence (PL) peak wavel ength shifted

conpared to the MMé of the first set. The Qs or
wORBoB0RES8ESt ruct ures may conprise In atons. ThePET/662006/000263

set of MMM nay conprise about 3 to 5 MMé. The second

set of MM may conprise aBout 2 to 5 MMs. Each of

the MM of the second set may corrpri se a Ga-based

barrj er and an Ga-based well | ayer. forned on the
the @Wﬁﬁd#‘%ﬁﬁtlsﬁ CPIIPESING EaWALRE 1RYRE Hf/é()@'“%f““ﬂ‘?ét'?ri‘ sies for
quaﬁtatn a6ty (QDIP b ©D-Akelatrivised nbéMélEléyér&)stfaid a8sch MQW; and a

a d on e - based _
ssop 35t 8f MgBreadia b Dy S HRiselBrp 35457nes R dsomexit
photoh@sinesdenica ¢P L aysek. waleterigtir shiftsd toraparketdis theaMQes of the first
forrred on an n-type doped Ga-based | ayer, the second

'set of MWs is formed on the first set of MM, a
GaTbhasdos ora@pdwkelsayewresméy)cmmdnwlrtdrtemsecond set of

f d
¢ e P seEoaauiEEp Bfote JESRS eBBOME, o e
may he seeend set \éle redyeeanprisel abooh2 & b M@Ws
coplag to'f tHe I(/IEWVQ of %@?e@@rﬁ’cﬁagetqiﬁa @&ﬁgrléeaé( @’a-ﬁé]s‘édtﬂ'é‘?ner layer

ased layer respecti vel

andamdg%ée@mﬁwg@tayeb WSS 1R Ca2S6H PAITISE (PYGH

S UlE%t:h 3k the M@vé\/@t/iﬁew sfé@mawo%ﬁapqa@ ar@é-%séﬂ b&Yist Rijer, an
consi I n

rou /| Ga
InCShaSed weHthol Rea! ormad e e Haghe, HAGLET IREAT PO 41 G odpased
wenpb}mmdsrmw mfthbh@GﬁWeﬂfngalbyérySt em A con‘ol ned PL

&Y <5 st Aalls 580 R ol P bR Braiiies SRR e Datcs faver.
the aecpmxdt satfof @V 8Sfent1ed ov ehé ificet sehef MQWs pa @a-daskdacapped
layem:r% E:?rg corrLtfﬂlg& ng o?thé%wg f Sglgr é‘liy%% Gddp%’ ?%é Bh d lyer is
fornmsd an mbeﬁafbamdjcapneullaye@ I\/Q\/\s) each of t he MO of t he

nuc eat on%ﬁﬂ%ﬁ Bg P Bge tum ot g&?@% Oé{iég%%l PRiacts for

contacting ther @éynawd@paﬁeﬁa uaage@rlay@r apdite paybe Noped Gadoased layer

resgfivBy)d a second set of MM$, each of the MM of the
second set forned so as to exhibit a
The first and second sets of MQWSs may be supported on a substrate.

se

The MQWs may comprise one material system ‘of a group consisting of
InGa/Ga, InGa/AlGa, Ga/AlGa and InGa/AllnGa.

The MQWSs may comprise the nitride or phosphide of the material system.

A combined PL spectrum of the diode may cover a tunable wavelength range
of about 400-800nm.

In accordance with a second aspect of the present invention there is provided
a method of fabricating a light emitting diode, the method comprising the steps of
forming a first set of multiple quantum wells (MQWs), each of the MQWs of the first
set comprising a wetting layer providing nucleation sites for quantum dots (QDs) or
QD-like structures in a well layer of said each MQW; and forming a second set of
MQWSs, each of the MQWs of the second set formed so as to exhibit a
photoluminescence (PL) peak wavelength shifted compared to the MQWs of the first
set.
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phot ol um nescence (PL) peak wavel ength shifted

conpared to the MMé of the first set. The QDs or
wORBoB0RES8ESt ruct ures may conprise In atons. ThePET/662006/000263

set of MMM nay conprise about 3 to 5 MMé. The second

set of MMM may conprise akout 2 to 5 MMé. Each of

the MM of the second set may conprise a Ga-based

barrier layer and an i nGa-based well |ayer formed on

t hdhe2Base@Dhiiersteicturas eay CEaPHS® N 2RBISVONS of t he

fi Mgl R&tsBYVMERIP iy RomdHse BRSED a8 Kicaks) ayer, an
| nGa- based vvettlerI}g | ayer forned on the Gl\? sed
barhhececpag apt of MdV\s gy serERiFa@qut P49 8@ d on the

][ gf@arfggﬁifﬁﬁéﬂld\ﬁ%’ oF thegi&ogd'i et méﬁbgmbrié@é\ﬂérﬁaséwbarrizr layer
on an n- 0 -based | ayer,, t
o ST o ST e
Ga-fmes e NTeds |oﬂﬂ'?’ ﬁréﬁsé&gﬁﬁbnﬁﬂ}s&%a@meﬁi bagter tdyer, an
, ,and.a p-type dope - e [ ]
InGprhgsed Wittty Bkl SRR g 4% FRORech it e HE] Htbased
welblﬁymffbmeed on:jnimlgGal-\aetting gbaylbr.cont acts for contacting

t n- e - r -

oo B ISP R SR B AU on™ i n i Boped BadaREA layer,
the @fcmehwyM@va ispfeomed drothedirstugss tof M@VWsTReGaibaged sapped
lay s SR HR°SaRRaRE B wRVIE YD 4 BT ShbEP okl Myer i
formed apdhaPetbageth cgprad IB¥epr ecursor flow than the second

setTid AN m&D SuiMiEcdiitise ABRIhG RIclRcalRbATCR! fob XohiEting

of a rouci consi sting of InG/ Ga Inﬁéél G, G/ A& ..
thegniPe AapeBrriaged taver Resdh Ry ReAIARER A-PRREIPY Y FFRPRSHIVElY-

gr;'oamE DRK\G}I\’??\I;{@S‘ sédr?gd @etsedfith\%Mﬁf tﬁyeme sBbpdrfedFrSOR | ll’EéTdaﬁ\l OF

_ ments, o e . invention, w e

et T AR A AU Mo 481 19 a i 2o lo peeraire than the

sedghdisaﬁéWGszJ inthe art fromthe following witten
esgriptjon, y_of exanmpl.e .onl y. '

con]cfﬂﬁﬁrtst ?ﬁq %M%%ﬁ'éayﬁ%\fﬁr ﬁ%g ,W'f?'na %thgﬂlg' d‘—:?%ud?%r fipw than the
second\set af MCONés1at i ¢ cross-sectional view of the sanple

StrHet Wi mal éo%?pr%%cgﬁg'rnzgteﬁgl SO R95 BiBlip consisting of
InGa/Ga, InGa/AlGa, Ga/AlGa and InGa/AllnGa.

The MQWSs may comprise the nitride or phosphide of the material system.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

Figure 1 shows a schematic cross-sectional view of the sample structure of an
LED according to an embodiment.

Figure 2 shows an SEM image of the surface morphology of the p-type InGaN in
the LED of Figure 1.

Figures 3 to 15 show schematic cross sectional drawings illustrating fabrication
of a light emitting device according to an embodiment.
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Figure 2 shows an SEM i nmage of the surface norphol ogy
of the p-type InGN in the LED of Figure 1. Figures 3
W@ 200883EBDW schemati c cross sectional draw ngsPCT/SG2006/000263
illustrating fabrication of a light emtting device
according to an enbodi nent .;Fi gure 16 shows the |-V
characteristic of an LED according to an enbodi nent.
Figure 17 is a graph showi ng the dual PL peak em ssion
s pdiguren® shows th»VLCEBragrterlFtlchfra@ Lf@ aquoggling:to 8@ gnpogiment.

ic:](ﬁ réqzﬁjé Qp?ﬁrglh-léﬁy'wfn |gure 19 hﬁss@’dﬂﬁé peetflim omMRY% ED

_ gure ows the col our
of Figyee #H.nate of the em ssion at different vol t ages on

t hq:@.ﬁé qgﬁé 'aQ:'rch\é dcRHaPTEMGnEge ERSwihd theldtldl 6ét STINIVVR in the

'owm ng points correspond to the foll ow ng
LEQ/@W’&‘gé1ﬁange Point (A),(r): 3-4V, Point (B) : 5-7V,

Poi mgurk @o Poiws8he E0NMur EUrdihate F tiie emissiod QX diffdidnivbidges on

the @h@g@}ug&lﬁi)qggr\;g‘g Cg':e ?‘?rJF%E%DQE Fwaregs qggg}cﬂlgggﬁlpgﬁ’lts correspond
to tﬁ@%ﬂoﬁ/mg \)6&9 Far@epp&ht (20 (MPEMBRints 85 BE#NB-7V, Point (C) O : 8-

rimet gal Tri et hl yl nd| um (TM n),
10\"F|P°fFé€[P9;¢al GT?IOM um (TI\/A) Magnesi um (Cp2Mg) and sil ane

(SiH4) were used as the precursors. Hydrogen and

nitrogen were used as the carrier gas for effective

i ncorporation of the elenments. In the LEDs, two sets
DETAIND\OESORIPAI@N 100, 102 in Figure 1) were grown at

different tenperatures so as to obtain em ssions at

di fferent wavel engths. After a high tenperature GaN

| ayEhie gowtipaf thel ks |r8thene>4§rfgiﬁ emmdlmgﬁ‘@vma%ne@rm@wusm a

me a‘?&@ﬁﬂ@%H@rﬁlcﬁgngi §&loskich 'ml §lrem2 Thith fﬁb‘éﬂi@mthGa)

strat r e ayer
Trliﬁe@lymwr) (TMhé i ampttw@ttmt@umn tMP@) MaovesivMatftreMg) @nd silane

(Slll-lgwgﬁlséooaSQPé’g ec@r%grs7 ﬁg@ggérpa&f ﬁIWo@erf Wérétusédfbs e MDA gas

nsistin A GaN barri er
foreﬁ@nwfamowpaga@pn@fﬁhﬁ eﬁ"@ﬁﬁ\"% 1) |s first grown to a
t hi ckness of about 5.0-10.0 nmwth Si doping, ns

bout 2.0x1 017cm 3, A th
aylrtns LEbseigLras of MR igoespers 108, 18 R TT G aypwn o

différeAb it pePatdi@s Go243 @NsbtdiR iealistims anfd.ftdmmtwayenengths Aftepvanhigh
e incorqp,orat'o e | ndi

e ST B BRI B g LB AT ks can
buffarqoorhpetre @ 2ninfFigwary on sgga sgathiye aubsthate deompiare tpyer 1 of
FlguPenSi)S tr?é tetnbperé'{ﬁrte lhqge ll\ﬁ’d@VD%fhaﬁwggﬂél lowered to about 700-750°C to
grow a first set of MQWSs consisting of about 3 to 5 wells. A GaN barrier (compare fayer
4 in Figure 1) is first grown to a thickness of about 5.0-10.0 nm with Si doping, ns about
2.0x107cm™®. A thin wetting layer (compare layer 5 in Figure 1) of In,Ga.,N with
composition of x about 0.10-0.20 and thickness of about 1 nm is grown to enhance the
incorporation of the Indium Nitride rich QDs during the In burst process. The In atoms
from the Indium precursor segregate at the dangling bonds of the wetting layer of InGaN
to serve as a seed layer for the subsequent growth of the InGaN QDs and well layer
(compare layer 6 in Figure 1) as determined by the precursor flow rate. The amount of
TMIn acting as antisurfactants and the duration of the TMin flow are important for the
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to serve as a seed |ayer for the subsequent growth of

the InGaN QDs and well |ayer (conpare layer 6 in
wo-e@ena18) as determ ned by the precursor fl oweHS&2006/000263

The amobunt of TMn acting as antisurfactants and the

duration of the TMn flow g e inportant for thegrowh

of the Indiumrich Qbs. It was found that too small a

ow may not form enough seeds for growth of the ,
arowiheo (R SR 1Sh P ol TR B808SliA T ey hotforhr shough
seelOFtH GRININ Bf thATIDRY biithéo Bhgatdurddibn s dalissstwelidayep FoldMaing.

an about 10-30 nm undoped GaN | ayer (conpare |ayer 7

in Figure 1) is grown at about 720-7500C before the
t enyier dlelgrewthsof Rhmﬁreta%édf MSZ!Wm ah hboutabeﬁmt nn3 Qo fedrGahhiayer

(co%é%\éwﬂ%eg 1 Igy-e gu %CB 29 lgf algwgt’?zo ?5 é? reQ?%l ta?rﬁééﬁa&ﬂe is
incre_ésmlkmuancﬁhdb -abBU0B0TE) fanmetgwwﬂhnﬁethe (semmpaaeé of B@Vs. 9 hrype
co P iy 5 555l R 200
andstbe InBaNAdampase layeis cFigereab ol isom e ickagssoof aboult 2.0-
5.0 WFPH’:&”F W/lhpﬁ'oﬁl?g r‘?rﬁj thé %Iro‘ﬁﬂlﬁ’g%e QE@O?'@LHe?oﬁ\W@V\Vsr@ lowered to about

tenperature o source. It was found that the
300 ssmey oM. 0 umekminabasedi anetbie aappurearesfvre andwtmLtemﬁﬁ@we of the

TMIT%b%rc?enq w84 fhd Mh&ﬁ%+ ?Mﬁfl&lfr ré%@@h‘ks P Hldé é:hlft'\%' IS emission.

e 2nd se MM, hi n capped
Thq @tqm‘@%ﬁ@ﬂsé‘%/@frabﬂgtzwwglﬁre 1) of GaN is grown
to a thickness of about 15- 30 nm at about 780- 8000C
Next, a |l ayer 4Gal- 3N are er 11 in F ?Oln

1) Aterfha @Rw@s@ thmz getafMQ aﬁb cewn% d Byer Campwela
F.g?\’@qybf Bal |£)gr%wnl“t'b laghitinek® bt ?&mwo anpattappet 190GEUN°C. Next a
a C a | gur.e, . I t r

ayqriaf BleBed Bompats bvarda m bwurs D diiirbeit oo e Wi grann. where
a id betweshogisout 0AHEI3. g’l’myvtsffoIIIdwddftw Z paypednGeN Iayer (Goetpacitayer 12
. at ahout 75 t t.

in Burd &7 ShowiD L7 Mo CCatki: D0 i B uled 4€ the p-
dopmbbartd @0@thTiothe chEindep isesriadeouit st shdus e51300°Cy TheoTWineitbw rate
is stefln%g@ génlggguf &%\Jt%r LSO d&éme\ﬁﬁ'na% l%]'ecP%%sachéméEb (%an S%Frr The
prebse ivesbsaquenty iowierestio atost 60-800 Eorr Ifor the geawth of pithin entayer

of Mﬁedog stw ffﬁg 8ot ahfbfent. l{lé %s'f@@?&“t@ﬂfﬂ&%ﬁlé %t t‘Héecontact
we corrpar e ayer ur e t he
resfsfanse. 1g erdesfo mgmnt l@e ewrAifEusiang éne -r 6@3@ NaP%S“HBtHEed‘" the

welMalydr cBpard g of 6?3—'@&@\46 Br ®E fitd %epoﬁMQWs| a@@hl/entlonal p-type

ol OB AL ke o ok o oS58 b P g2 i
Fighe 1) eCkeptiin the @ebeé \oataeomtmssd\@mo Nbeaddlt‘bwien-lsml@ahheahng is
cark QRS Sehaikibe Houh S B ey ot 3ol 0

I nGaN GaN M 100, 102 structure of the exanple

enblgghrréep ghow ay %che]mat% Qgses sselégz%taf 91%\% o“?‘?ﬁ& Bual set of InGaN/GaN
MQWSs 100, 102 structure of the example embodiment. Layer 1 is the substrate which
can be sapphire, Silicon carbide (SiC), zinc oxide (ZnQ) or other substrate. Layer 2 is
the low temperature GaN buffer grown at 500-550°C with a thickness of about 25nm to
facilitate the nucleation of GaN on the sapphire substrate. Layer 3 is the Si-doped high
temperature GaN layer grown at around 1000-1050°C, doped to a concentration of about
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can be sapphire, Silicon carbide (SiC), zinc oxide
(ZnO or other substrate. Layer 2 is the | ow
wao eeopesEsur e GaN buffer grown at 500- 5500C wi t PCESG2006/000263
t hi ckness of about 25nmto facilitate the nucl eation
of GaN on the sapphire subsfrate. Layer 3 is the
Si -doped high tenperature GaN | ayer grown at around
1000- 10500C, doped to a concentration of about2 cl0 Z\
2 x1@" & @ x0Q'8 cwih Baver 4ytel-ayert&is|thg drst gef of MQWss jLayer 4 & the Si-

dop%o b MR Barri éﬁ)&u éob@%uﬂf‘c ﬁg%tg)?etg ag@uw 2b>@‘fd"' t@ 2 Wouarbnﬁa Lgyer 5

pi ng conce ati to c1018 cni
is thayvetting layer of tnx@@xtxt\ll prg-grewth loefsre ITM“GbeSF 5[ e ﬂﬂ% CBNERL X

rang% ﬂ'%r% Jd}éhp Ob\ulroz(s 2A:A¥?er ltl‘ﬂ% 'gl‘H\Wrﬂg\%Fqﬁy@F 5 XMin %ﬁ@%ﬂﬁncfrf HWere

floveasctodombitecsongs for teogieuin of InGH RS eaérq laveftﬁq'é 5 deposited.
Th%_rﬂ&wt n?teofs BRkEG HC BoddPst otmf ?ﬁq%vﬂnﬁuyfblf o@lrd’n%n Qﬂmut 8do 12

ow rate 1s malntal ned about 10-8 Jg
sedopgs whiteethe @ﬁmmﬁrata@doﬁh%cnamblesgeree%goww i g_,o during the

TM‘rPg'BW qbyee 6I ﬁb ttili@ Iﬁ@%’{fmrwélﬁ léy@Fm/ﬁﬂh dvenihedadd uhdium rich

urln

nam@tructw@yw wh@rne weT%%@aawdl'ﬂ dieh WP?%WCW%X@ f}?e?/ gy frgium
contét randiey Forl aeut FidGo BUREsHIRSMityight iIphe pRgat waletenpth. 1@ger 7

has an Ind um co ent rom abo t,.10 % a
is nindoPeq § ﬁ GaRPe ﬂf@Pg\Aﬁ%‘Mgi n i&?&ﬁ }72%.7%9 6, Mhbers
8-9#@@@396& tigaap @ewam%ywherefthea'&empbralﬁe%a reepy mmaaed by about

i GRCACPRCE i kSRR A 8 2 st o

M@N@,thGﬁQQC Hasdime tnioket frapfiorighe< ysas coptparsd tw@mf“ qqi@¥MQWs with

|ny%mﬁra&ﬁlp o ﬁs find ﬂﬁlr'\ Hggde'a I%Jé‘? of BQI téﬁ'bet%ftur M4 ofl dbout 15-30nm

]}/ as conpared to
at tibrait 780-88%°C. diame/%Bva leyer| qif@ﬁg_aq of thigiregss 405nmh\ghere ais

be@\% @ 88%'5}2]?? gb‘g‘ﬁ‘ﬁé J?g% ?3% té@ REdVeH (6- tﬁ%Nrpbaﬁm Wetyer where m

Fayer 1 1is | ayer of
is between aboaiNd.86-0thi ckness 20-40 nm where a i s between

about O. 1 0.3. The layer 12 is the My doped (p-type)

| nmGl-nmN | ayer where mis between abgg% g..OS-O.é . ”

Fi gfiosre 2sHhows & SSMHla RGCEIMEYGRRPORY drBle dpgag SERYS surtace
| B%gﬁyoz‘ootdf%espw@aqmamn@bohmgyhaedmfe rhérphaledyy20® appears to

| ayer 12 he surface norphol ogy 200 appears to
bepOraiSr ous. Processing is then carried out for the
Schottky and the ohm c contacts on the ptype I nGaN

|
F| g)lé’lr %ceﬁ'hﬁl éss 8'&?‘7"\/%? 3 [}ngr E% héﬁ@g?rf@ty & g@%cfléon?ac(t)snon fne p-
tydenaGablnidyent 2,dfigyre d¢ esd the h4typeo@alté dlagend Figyre ) respectively. A
m%'gfctzgagggng?%cgla{: #rgérﬁ‘r tﬁé faboricd lo]nspro)./gs% Rwifi Rb% rb% nt \ﬁlttﬁe%iéﬁ‘ce to

abricatin ewceth emts
Figureh8 & 15.

With reference to Figure 3, the method for fabricating a device that emits lights
from red to cyan with varying voltages in one example embodiment comprises providing
a substrate 300 with an epilayer 302 of GaN buffer layer and a n-type GaN layer 304.
The epilayer 302 consists of the growth of a nucleation (buffer) layer of GaN at about
500-550°C while the n-type GaN layer 304 is grown at 1000-1 050°C.
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fromred to cyan with varying voltages in one exanple

enbodi nent conprises providing a substrate 300 with an
w@pioBagmEs3 302 of GaN buffer |ayer and a n-typePCHBG2006/000263

| ayer 304. The epilayer 302 consists of the growth of

a nucleation (buffer) layerg of GaN at about 500-5500C

while the n-type GaN layer 304 is grown at

1000- 10500C. Next, the substrate 300 i s maintained at

abdVaxt, ithrsubsiraterd0R e maintairedH @bauy 1 &7ma fRiNRsratdfe YKl fver

400 léi. u@&a@m st R o¥tedith HQHintconeanrlibh af Asvut 210D x10"
017 to_1c1018 cm 3, as shown in Figure 4. The

cms@5§h@\m@%%eﬁs t hen mai ntai ned at about the sane
tenperature and a |ayer 500 of | nxGal-xN, where x

ranges from ut, 0.1 to se
t naesbFF P00 gy ERnt el e L r SAT8 e AU A S taver
SOOSMhﬁIG’a’:}‘;Jﬂ‘ whéte hergpgea fromealsteic Oel@sted. Y, ialfoutediBEnands the

wet{iﬁllﬁgllay% e tgng\",@ag\ﬁlrag%g or fﬂothiﬁulgs T %%(SOete&lfpS%g&? de(l,Tgé?e% by
abotipt &l aridélowtrrgunmuuﬁq)rﬁmﬂsoobt 4 fiovceste wi\abowh £0-80 ﬂrr@limindoetween
ur e

abolf 1o PG SSLET AP 85RO PhhgarN. where 0.2<w

<1.0,de1foenad, laseshawh & Figareitn growt h of quantum dots-1i ke
structure 600 of | nwGal-wN, a well |ayer 700 of
| nyGal-yN, where y>x, is formed, as shown in Figure 7.
TheNest epainiding thh substiate 30@ akthe stable ieMPetpinre attaingd inygrowth

of c@é@t H?c%j@ﬁl@e%th@fu?@%d g‘?ﬁ da? WF\I 04 Wbﬂ@%r ‘ﬁdofdf ! Géhﬁd @REre y>x,

hown 1 n wher & each

is fermedc 8% SheVBDOTI0GE . El@mst@mrﬁé?f%@%d with a%f@ﬁen%t? Figures 4 to 7

are r@ﬂ@aﬁem%e tﬁnéBJl%%Mm\/QﬂN§ sﬂrudf&e§@0@‘ goar 0H89sIwh ia Figure 8,
| ayer 700 (Figures Next, the substrate

wh%eoaaca Greihey SHUREPSIE0, r§@2s §% Cpm?ﬂé%sa?d?@a‘goot RaY§op00. a

quanfLen 868Mmke& SHEctirb 800 ahe@ ¥ velidyer TE0 @iginees toor)Fi gure 3 of
about 7000C to 8500C and a capped | ayer 900 of GaN i s

deposited, as shown in Figure 9. The substrate 300
t enpet ather Ribbtsate (300 it Redirtained! abthe3&@ tenthetatlrayay thaDBD the

th d £
oo SRS ik BERRT 357 BEGH L' Ao AHR Y cappes
layéri @POraf GEN is Hepositedsas stiosvni in Fignire1DaiThe dubstratedhd0Q terriperature is

theR %‘?eés%@? r3%t’(5l ﬁ? %q%ée? 1%6 Iof Eﬁavﬁed ]é%? wﬁé 2 I &fﬁ@%ﬁ'ﬁ)ﬁ%ntration
of awoapszxm@ém |1ba;@‘80m s dmioeltewh@@ showni ig Lﬁlgls‘e 11®. divg suibstrate is

oA A b 5y 91 gt 5t
Y, l&t@med;taz@shqmwprﬁlms 14. Sihedtgnsclesanbadayity refegemsedadigures 10
and'§ EreI r‘aﬁé‘%eolﬂv&ptbrﬁgé QB4 @ﬁM&Vs dihdcturd§ §26019567 84 §hc§@ﬂn'ﬁ”gure

mal nt ai sanme tenperature and OD
12. Each of the structures 1200, 1202 comprises a Si-doped GaN |ayer 100 and a well

layer 1100 (Figures 10, 11).

The substrate 300 is maintained at about the same temperature and a capped
layer 1300 of Si-doped GaN with a doping concentration of about 2 x10" to 1x10"® cm™
is deposited, as shown in Figure 13. The substrate temperature is then increased by
about 30°C and a layer 1400 of Al,Ga;,N where 0.1<x<0.3 is formed, as shown in
Figure 14. The substrate is maintained at about the same temperature and a capped
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| ayer 1300 of Si-doped GaN with a dopi ng concentration
of about 2 ¢c1017 to 1x1 018 cm'3 is deposited, as

W@ has3i183 Fi gure 13. The substrate tenperat ur ePCESGHO6000263
i ncreased by about 300C and a | ayer 1400 of Al xGal-xN
where 0. 1<x<0.3 is forned, 18 shown in Figure 14. The
substrate is nmai ntai ned at 'about the sane tenperature
and a cappedl ayer 1500 of p-type InrrGal-rrN“\aNith I\g9 5

layef O1H00gofop-typleolnt,GaxIN Odith My dopind b9 abouB 14 dépdsi@egm™ 1s
wher e I S bet wee 0 ; in

dep??'%ﬁir \@(H%@.m 5%(? eseg i aﬁ’lég{ijés'o?ﬁoe%%gaf %f“é‘@“ brﬁ'tﬁg%q\r%nhke t he
contact for the devices. Etching of nesa is carried

out, usin and.. ; .
Fi d’d'f)%esi%? ﬁ%@ern g%ﬂgoﬁu%ogﬁ?fge %g% %O??%g fc%rﬁtgﬁ gte?ﬁséeg Etching of
me€ois maeitd RUREsieg BELHENd El{ plasa torteach layeind aEFiovs 1p(|qy>¢b 304 of

iqt i CEOWRAThe bRoftatitBP-1pdInGaN
F‘Q%’??P’ﬁ'@ﬁ*@é@%@%@%‘ﬂ?ﬂ%?’é‘i*f‘%ed e P 6
layesr1680 fdlowed byigicentapiNe pawraiCalt Braher 46@°HAYp whi ch can

give different colour em ssion by varying the applied

voltage. In terns of the quali of .the t

e SRRt ATPRBF D AEH W B L NEIF G TsPLED Pagkese
chip M‘ll%_hicﬁ'ﬁ TQ% diffé?er&&;ﬁlogl; emfsB®n lb?e/tdryimﬁtple(abplleldyvohm In terms of

applie 0 ite .or .in_auto | i ndi : ;
they qL@Httyiog ghe LEB?'h@ec%{EP"&HE%HS EE’bQ"?r’gg'ge fie pgkg"ﬁté’%'ﬁerence n
lifeGrH@ Bt lﬁmsdu]t;fs_EiD@ usbé, egpacisllynvhenl dpplties for whiteclkER$er in automobile
. em ssipon of, the desire t 0 i
ndielgr JECE S G TET 1o ot TBReiakg] oy s dautinlpts in the
quanitdrh Wwélle taipeodute the syphission of dbdidepieed Mavelpngtr gt problem of

col.our eni ssi r - i biEARhordto e hi
ceiitlh TR 3 PABORG S0 HEd wifi fe 63 OFbARRhoD Seriove
thet diffexeiiti coloar emissiops car e sefolve o T haeibodimngank alsp uaids ﬁ@ use of

e &g devi isveltHe abbiRdbamivsiby Wagelsieh si

polf ) SREA0C PRGBS B ettt “‘éi%ﬁr'? i yenilvie
thecdmaission weyelength issif iniweakle Npringils vqliqaes,gpplied to the diode.

enbodi nent, In rich InGN nanostructures are grown on

(TP era . FHeoGHBreif ot o AV PRQRE D I e

emBBSiﬁ%n{, Nn IricG NnGaGatdnbetnRfires! f@teugma/gfm e, tSageN Wetting layer
as the anptisurfactant range from

usigg rtgypﬁt@yl luudﬁ\?w Egrst gtlr g\eigﬁo eo?LSféGr%glgGaﬁlngsé hThese In
ricR GG S nahosticdterat famed iusiag fTMie Bk trecantiburfactand range romagpout 50-

in the .| nGN [l J [.. ' ' ¥ t PL;

L T e
enh&fbe0 thoorporationshtherinGaN el layer. IThis gives riseie ddaerd gly gpission
peglf( 17863hn W/%gﬁwéfgfih YhE SanBO%F S07dpenRbagEN&sh fr Pigyﬁezf?e. The

ransm ssi on ron m croscopy (TEM |ma%e n Fi .
ent@dded layerielrinGaN mepgsitistuses $890Fanpe APSENYeddrash ihe transmission

el%%%ﬁgﬁf&%%pyt IY"If/?:‘.el\ﬁ)efrr?'ag%f inMEMbrean 8. InBldRABE tpucéhemidsibn with
different wavelength?two s?c’e’tsa of MQWs are implemented. The 1 set of MQWSs gives a
broad emission band 1700 from about 500-700 nm and 2" set of MQWSs enables an
emission peak 1702 at 460 nm, as shown in Figure 17. Figure 19 shows the colour
coordinates of the emission of the LED at different voltages on the chromaticity diagram,
CIE (International Commission on {llumination) in particular (a) 3-4V, (b) 5-7V, (c) 8-10V,
and (d) 11-20V.
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broad em ssion band 1700 from about 500-700 nm and 2nd

set of MM$ enables an em ssion peak 1702 at 460 nm
w@go0shass i n Figure 17. Figure 19 shows the coP@LI8G2006/000263

coordi nates of the em ssion of the LED at different

vol tages on the chromati ci ty diagram CE

(I'nternational Comm ssion on Illum nation) in

particular (a) 3-4V, (b) 5-7V, (c) 8-10V, and (d) 1

1-20V. The ability to fabricate LEDs with tuneable

CoI ur S%lﬁﬁ térpaem,Y;Qe I?ngs h‘f@{éaﬁ% écﬁodi@ %fs Yhe \vBKagR is varied is

or t ant ca ions, 1ncluding: -
uselfdllfcurammbeonf lmdﬁ@nt%plwtlm pokieing: This incl udes t he

illum nation of signboard, displays in shops, houses

and the sidewal k. - LCD backlighting, keypad |ight.

gui duminatiey aad digelae PHTIORES T NS @ﬁwdeﬁvﬂier’m‘?'{‘ﬁf"é‘ B signboard

[ d gl&ﬁd%ggwdnEDs especi al ly the Rai nbow

d'sﬁ%gs('h SQF'% pgurste her enhalmce t cc%ﬁ)i | i t% @f tl'hﬁt( bﬁDn%onitors

t o pkeRikwekighting, keyrasgiaht gy & geoera eshig
badM§IRELThe ube L EDB! sspabidily thaf Raitbdw gEDs .will furthiet |enmxsmce the

appr eci at ed bét \ﬁ‘gergqin SkIJﬁHed in the art that
capabiir e Vs 19Are 8¢9 D8P i cati ons may be nmde

t 0 I HQidutas dgiitingnventi on as shown in the specific

enbodi nen W t t.d 1§ fromthe spirit or scope

of THWO b&??agﬁgqﬂga%‘fggﬁﬁgwgséscri bed. The present

enbodi nents are, therefore, to be considered in all

res dNI[l ﬁ)a: gy%pﬂgmétgé] Lebﬁa% %te|' R AddNAthé %ﬁt ththhuM@roué tvatigtions

not e SC raW| ngs in Figures 1 OLQ ii
antijor bpdiicationetmay be daads. toﬂh\@ peseib venifnent ﬁBW‘"béﬂwt gRpeiic

ﬁ%ﬁdl td GindR ogﬁgﬁﬁ H?r‘?rthé@blﬁf bﬁ's&p%“&ﬁtk@smbé’lﬂlon as broadly

|de base devices, which include |
debbaA ATTBADre e ATER RIS ArealNaTaToreato R paneisara 18 3! Teslets to

be%l@fr%@e%%%tﬂz@ﬁu‘cﬁ@s It will be appreciated that the
colors as a function of voltage and the overall

wavel engt h ranges of the devices may vary between
di f el qitedr iR thétsEhemat: M@Mﬁg@gml Fag&nesulsanld i3sto 15 are not to

dependent on . the el enen
sog@nﬂ'pe(ﬂremﬂré\@eﬁgp? CQT‘I%%P b%ﬁpBFe%\E) %o\)e?%%{e;rnré- Srlélerg%ch as
thé rbh@@éhldé’ baeed Iemjtﬂngydﬁ\noes adhight idiutierinisa, | |n§?:@[ﬂGypGa/AlGa
it QilPSe appreciated that the
aﬁ'&@\%’%t\f‘g{%@’%"@ﬁr zet%@r At slggﬁﬁg'r%é aIE scl) det g? m ned. by
coldre aelaciometion dfvoltdge awd thel ayeeall wavelenoghianges of the devices may
| n [ at I
t £ @2dl R 88Perdiene on the
SRR I a2 o sa
elaemenisde thatvmih layer. [Tihet $agne ternay or quaternary alloy can be used, for
instance an In,Ga,..P wetting layer is adopted for an In,Ga,,P well layer, with x <.
The elements to be incorporated for QDs generation are also determined by the
elements in the well layer. In atoms are incorporated in the described example as In
can give the necessary red shift and a broad spectrum for nitride material. In the
case of GaP, the InP QDs used can enhance its emission in the red regime to infra-red.
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case of GaP, the InP QDs used can enhance its em ssion

inthe red regime to infra-red. CLAIM5S 1. A |ight
we@piosn3ag di ode conprising: a first set of nul2C¢PE&2006/000263

quantumwel I's (MQ), each of the MM of the first

set conprising a wetting |ayer providing nucleation
sites for quantumdots (QDs) or QD-like structures in
a well layer of said each MQW and a second set of

CLAMWS, heglch of the lI\/Q/\sS of the second set forned so as
xhi PL eak wavel th
Shlft ed 'A(‘:o ar e@kgd%%m\%&gf(th)e fpl rst sVe X 91
| i gnfirséisiet of myltigleoarandsm ovalls AMQUVR). epgh of the M@é&%. E & first

set%%%q%ﬁt w%n'(g'lgfer?ré\&l&lhg' rn%%le‘é%?%l'té‘sefo} ﬁu@rﬁt@ﬁ‘ﬁdot@ (QDs) or

emt 1ode as cla inclains 1 or 2,
QDﬂlik@r%ﬁUﬁtw@Pﬁamfa well layer ofsid\eReh @% des about 3 to 5

o o?&%“ﬁlﬁ Pt (n:/gg;yﬁ eéﬂccrgdfgga MCswg oftheleabne: det formey so as to
exhigi\g pf*@f.ﬁﬁl,amgl@gc%d L) peak yax%@gtﬁ §h|f§ﬁﬁecqsﬁ1e§q%€<§j t& file IglbWs
of l@,glfﬁgtlsgg di ode as cI aimed in any one of the preceding

conpr i sctha. ight aLaw Japi B e nHdm S'e%&%ﬁe'ﬁqﬁ p QDs or
QDVatd sthayiees Eomprsk pnatbine. Ga- based barrier |ayer. 6.

gPZgLIdlgﬂgh %ﬁt%ﬁ]%eﬁgﬁ?% gg g&rﬁé?‘ﬁ? ﬁfaf?né'jwl‘yor@1 %\tlﬁhéféelh hie first
sef merQV\fsed:ommrqas iabest AitcaMeB¥ed barri er I ayer, an

1, 25 A Y IR f o bt e
whiengia theesedong sehgfdviQVYs cormprises ghoukia ? MRYVai ode as

glt)?lrsrenEdoEH% ﬁblﬁ' éﬁ\lﬁrng"&w&éé"clélgrggf gra;ﬁy ohglof e pWEHédu@g elaims,
e GRohe BIQWbREG eRaTEl Pl EMRIBES Gf Chriged Ganer layer

n@é%%s&cgﬂl@ﬂ?%yleﬁmed onftees @Cbazﬁdﬂobm@mnd set of

t he 6Ga- bgggd}&gta%ggglg gﬁgeras glalrﬁc’e%g né ﬁ,thet (:.;r%gg R@ 8Ialms
wfgbgﬁlfgeacgﬁg g?@ Moi%\?lsgf?the fitgt tsee comprigas s iGegbadesichariienlayer, an
InGaSp@,seg%ett[lqge%MeE Jpmed oyt Hﬁe& Q’a)gsggdtfodg@éejr Ig?érk,’%?ﬁada Ga-based
wélBIapsrTbinved yn the InGa-wetting layer.

7. The light emitting diode as claimed in claim 6, wherein the first set of
MQWs are formed on an n-type doped Ga-based layer, the second set of MQWs is
formed on the first set of MQWs, a Ga-based capped layer is formed on the second
set of MQWSs, and a p-type doped Ga-based layer is formed on the Ga-based
capped layer.

8. The light emitting diode as claimed in claim 7, further comprising
electrical contacts for contacting the n-type doped Ga-based layer and the p-type
doped Ga-based layer respectively.

9. The light emitting diode as claimed in any one of the preceding claims,
wherein the first and second sets of MQWs are supported on a substrate.

10.  The light emitting diode as claimed in any one of the preceding claims,
wherein the MQWs comprise one material system of a group consisting of InGa/Ga,
InGa/AlGa, Ga/AlGa and InGa/AlinGa.
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9. The light emtting diode as clainmed in any one of
the preceding clains, wherein the first and second
WG 2a0s/ 08183 are supported on a substrate. 10PCTB&2006/000263
light emtting diode as clained in any one of the
precedi ng clains, wherein e MMS conprise one
materi al system of a group consisting of InGa/Ga
InGa/ AlGa, Ga/AlG and InGa/ A lnG. 11, The |i
emi¥te i nd hai lishe eatieg &iofsdas KlAmad iR £l§im vite M) e*?ﬁee MQWs

co nﬂ‘ﬁﬂé&tﬁé’ﬁﬁﬁdes& ;%epnuébffu@ dtefAIRgBidinde of the materu al

syst 12.
onelZo " (The ghLaBi T et P E AR Py Shecdior Riegerbo s,
whérBRGd eobinéd Phespdopaia of theadisda covena bltenaiiy elbeslghdth range of

r about 400-800nm 13. A nethod of fabricatin
ab%??&g'ﬁﬁ&aﬁq tting diode, the nethod conprising the )

st efs ofA miethod ofgfabridatingta kightt eafittinuldiade), éheguetitodngomprising
Ilsf(I\/Q/\sS) each of the MM of the first set

r| sing a wetting |ayer providing nucleation sites
f orforuiag tufirstisttsof (NQDEYIe suagion ivells gVRNs)ueach phthg M@Mys of

the ’\%\?‘%ﬁet Q:Bnﬁ)ﬁlsﬂg ef%r\m\éy?%ﬁwefnglcﬂ% géﬁ ?gérj }‘T%ifedusagiuarg dots
(QRs) o Ah-1e steugiies i1 aweh éavee ateaid pagh MEW: artel engt h
S hi ff)Fn? qg GURBhE et O MOSVIVIEER OF tHeaaig §1t thé %bcori'dﬁlset_lfbﬁned

as clained in claim 13, wherein t ﬁ%s
s0 @tq embws@ phetolunagesasnpe (Rl n%kdv%fﬁtengﬁss igrboarmbagd to the
MQASs 6f e skp clainms 13 or 14, wherein the first set

2|f 31% ﬁ%n%ﬁ%z@g eL‘l'tE]egl {‘?gd%@"\qggl‘%herﬁﬂe Ei ﬁ%tﬁﬂgrd Qbike

Strb-&rﬁgégdomggS@fnm conprises about 2 to 5 M. 17.

e, Iret as.,.c 1n one L ai

1051 S ARy o 18 L P Hhoi i 88 st o
MQstampﬂseksaaUdulEBwEmV\&nd an I nGa-based well | ayer

for d gﬂ}?t h%% Q@%%%n?@rn 'aﬁgscl c?frclalﬁ 1\’;“95 1%EWH8FLm the

any one or- ¢l & wherel n each
semndtsbéoNWVsaéomlbr@eﬁafosmt 2t 5 bR ses a Ga- based
bar §3 er +ayee B o@rbsl =035 Ay Wﬁé bk %am#sa?t':?fo i é’erFFé‘PlelH Rach of

t he Ga- based barri ayer, based | ayer
the MQWs of the second set compnses a Ga-based barrier layer and an InGa-based

the Ls

well layer formed on the Ga-based barrier layer.

18. The method as claimed in any one of claims 13 to 17, wherein each of
the MQWs of the first set comprises a Ga-based barrier layer, an InGa-based
wetting layer formed on the Ga-based barrier layer, and a Ga-based well layer
formed on the InGa-wetting layer.

19. The method as claimed in claim 18, wherein the first set of MQWs are
formed on an n-type doped Ga-based layer, the second set of MQWs is formed on
the first set of MQWSs, a Ga-based cappéd layer is formed on the second set of
MQWs, and a p-type doped Ga-based layer is formed on the Ga-based capped
layer.

20. The method as claimed in claim 19, further comprising forming
electrical contacts for contacting the n-type doped Ga-based layer and the p-type
doped Ga-based layer respectively.
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formed on the InGa-wetting layer. 19. The nethod as

claimed in claim 18, wherein the first set of MW are
wo e00s®sh18h an n-type doped Ga-based | ayer, thePGESGIUE6/000263

set of MMWs is formed on the first set of MM, a

Ga- based capped | ayer is fqgned on the second set of

MM&, and a p-type doped Ga-based | ayer is for msd on

t he Ga-based capped |ayer. 20. The nethaod as cla

i n2d1 ai fr"hw?eth%? 2% e'a'ra%ﬁlrary. g ‘ffcﬁ""l‘r’i“ﬁg}3éP &bt Wherglm the first
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are, su rte su t r at
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MQWéan the second set of MMs. 23. The nethod as cl ai ned
Inany one of clains 13 to 22, wherein the first set
of 20 The rethpddsvglaimes ini @mepnqa iof sladoariSoie 23,0uheglinthe
MQW%e cﬁﬁ&%%dor%e%aféfna'\gé@em %ga %Gp g@ﬁﬁé’c&gaocf I6E3IFE InGHAIGS,

Kgaone of clainms 1 erein t conpri se
Ga/bKea ard GaInGg&t em of a group consisting of | nGa/ Ga,

| NG/ Al Gae féthOl &8 clifhed Melafh 128Gherd thETAQYRS BeMpAse the
claimed in claim 24, wherein the MMé conprise the

n'tr'H?PF PResRbide i Sap MatRiah FYSI®®: naterial system



