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1 Tunabl e Wavel ength. Light Emtting D ode FlIELD COF
I NVENTI ON 5 The present invention relates
broadly to a light emtting diode and to a method of
fabricating a light emtting di ode. BACKGROUND 10
WQp0gse3088%i t t i ng di ode (LEDs) have been usedPCHSGHMG000263
applications such as outdoor full col our displays, '
traffic lights, data storage, solid state lighting -
and communi cations. Presently, LEDs can only emt
light at a particular. wavelength. Wite LEDs are made

up of th e t wth the
‘three pr Wﬁgﬁﬁ’%@%&@ﬁ b ?éﬂﬂt‘bégﬁ° d red.
Conventional diodes are nmade frominorganic conpound
sem conductors, typically AlGAs (red), A lnGP
(orange-yel l owgreen) and | nGaN (green-blue). These
FIEDD @egiveNiogonochromatic |ight. of a frequency
corresponding to the bandgap of the conpound
sem conductor. The difference in the degradation tine -
of Thagwesadit filvantion refatesriraddly dam light smittitte dptle drenioi 6
ed over 20 tinme. This al so
mEtg&? ﬁé{@,&f@’g?é}%’ﬁéﬂ ospﬁhﬂh )ased white LEDs, where the
different rates of deteri-oration of the phosphors '
pAcREreUNEe [ifetinme for which the device can generate
white light shorter than the lifetime of the devices
itself. An additional problemw.th this approach _
i ntighﬂem&tmgoﬂmeen(lsms)maéfbeen asey jn skog kphioskes adas
s r r s
c_)uta%gxggrglle)é?lg?rg @%glapg ?ﬁﬁ@ O,@\Btl‘z?,,c gjgﬁ% m%%éﬁ ?Jha sta{é ngqtmg and
'Gomﬁbfntcﬁf@nﬁa!aﬁesartw D &N any erEiDlght pfa pariiqulas wiawelength, White:

LEDEi 54 wk i ,
SESHRS o BRI 10 900 g S

Of i a5 o T POGvertFRat Aty Si5ORETS OB RpGHER Compound

semvandlctngt fypicaliyn AjBwsphied), BisGa (debige-yplvospbal) £damceg
(gregx‘?‘ gl uQ}e 'lﬂggetddrgé)escgrﬁ){ %{o%f)‘]mr&ﬁaﬁk‘ '1:@% otf %hﬁgéggeon ng %B%é)s\égrggmgfto
the dew d cwwnduegmcoeﬁ&tﬂr eiherchilsreae is Sheotearidaiiuni tive of
thesbl %ent%ét&faﬁ@%éﬁ’ Sél)ée tAe Bibblehr iﬂhﬁ’és Bhet BMWRRE oS@Red gver

ener.at such a chr or nat
til T3S glsB AP0 PREL P PRSOPIY LSO et sfiepang s of
deteyielaliawpf theeshasphiors yrahes ishenldetm'tamamhreh dw ddvize phﬁ&ﬁh@éte

whit%ﬂgl't\t%ﬁer th%‘sﬁ%?e!t%e RACEL fiskealy ad’c’iﬁ}éﬁ% SRYLA Biet] wip tis

I nore I'S expensive an
app@ﬁﬁt@c@d@ﬁ I@w E[T]'Iﬁﬁlon effc:ency, stock Iosses and complex packagmg as.a

- phosphor layer has to be incorporated into the. devices, which ieads 6 a non-relfability of
the LEDs. I full color displays, LEDs are used in backlighting and i is essential that the

LEDs emit light with a constant ratio of intensity for the respeciive component

wavelengths,

in phosphor based LEDs, phosphor coating can be used to convert biue LEDs o -
light over a wider spectrum, typicaﬂy yeliow. The combination of yellow and biue tight
enables the emission of white light. Alternatively, a multi-phosphor blend can be used-to ‘
generate light such as trichromatic réd~green-b!ﬁe_ (RGB). However, the extent of the

~ yellow, green or cyan is not tunable as the phosphor can emit light only at a paf[iemar
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bl ue, green and red LEDs has to be addressed

i ndependently and a feedback is needed. Anpbngst LEDs,
group I1l-nitride based LEDs have attracted - '
considerable interest 5in the field of

- WRRRRIYEBt roni cs as their bandgap varies anBCE¥a9P6/40263

wi de range of em ssion spectra fromultraviolet to
|nfra red utilising binary and ternary alloys e.qg. :
I'nyGai..yN and InN. I nGaN GaN nultlple

u ( r. L.n_the
wav%féﬁ@beﬁ%r}é\%mluo?e thgg%/gﬁzac% i§ e%c% ? %H‘@r %@gf) sinee, eic@[%f the
blugaggen ae@ned dFBelbes to bpe ydreaa@W@mendfm’dé ar feastiask isgreotddh

of InGaN GaN MCWs poses a great chall enge 10

| 1'y_when high | ntent has to
OGO AEBR S WO el B e SFReatde pbees

in t@sﬁ geld (ﬁfrop’cc%ﬂeci;:&ﬁ& a§warrwnﬁ@mpevarbheznﬁlc@bér DWidlitange of
ht em S on

em1551?%spe§téar %{% iﬂawg\gﬁgl 13 gr?%e{igis%ﬁ bmﬁrg «? ﬁ marya oys e.g. AIN -

- AkGmgdbripgiaaiN el InbbweBaNigan hwlfgaimvwamtmewpbr Qg are often
. em;mgéal.ﬁ %ha' Dbl Redi RS T @@eglonp §INGt D GQLR S &ra> Ber! Bodes

a reduction in | um nescence (P

. (LD%)nf*ewg\fewh@@Pfta%@l sw& =] f|nF=‘ﬁ@ /GRMRYG Roseya greal shallenss,

espaem K)lhbh’ high THddhBne ba e twmnﬂﬁt;ﬁ;rdwer IeRPRaveRLtA e lcaﬁbns

RSBt o ST el ke

for ¥aiht emissisn ouith iflanetisingvidveiengte of highr lairgoipadiiomlviveing the

gro\ﬂltﬂ qéﬂ'}}gglr%ﬁ]{egb%% M {h(a' Qtfea{sb Wln%%ﬁybﬁﬂtb@a? q@cﬁ{gﬂ%
the ala@@{wumewmefemtaﬂgﬁy@@ tﬂ@éir@taﬂtﬂﬁ SeRlityds degsaded: :
trimethyllndium (TMn) as antisutfactant during MOCVD

2 Rkl e BRSNS GBS o i SR

et aPHYS 2004002342701, (ABSAIEF, Fe205, 23004 Hoehieve a réubshift iowhd PL -

em:&fm ghﬁgﬂrﬁlo mﬂnﬁg aﬁﬁ@mm&qn@uﬂ %%lirgrln \f\ﬁtﬁ?@ Ullldal\q rq%gr[l}[um

em Ssi IS Ccur

dotspyggdgpd in g sipglegend: in fpptiple @aG%rfo@ﬁQmN ﬁ@ﬁmtunn Bl QM)

werdRfbed B USAEY Méﬁﬂyﬂﬁcﬂﬁm qding @s aﬁﬁtuﬂ&&éﬁ? Bﬁnng MOCVD growth,

P | t.
and SR T P B EloBith 155 Bosn S el b ke B i ghems
et. dlrAppl.Sthye letint 80 IpHSE48%) Qﬁ@ﬁ}dlslbwdvaleﬁm aroihtofi thedditis using

such SRnidIRVRYE" o SJ*g}fe@n' Al £ o Qv %gle%%ﬁ#er%ﬂg%&

givin em-s actic Vi s bl e red-orangé
posgJaily SR gt resoaminsan fior &GRORaMN AUy Egreroipand and co-

worldird [Fepd2-sobtidre &'l @t;bgr @h?sel‘fl ﬁwauem@adzm obeh hg@%pé&e%
fabr| ated,.from &GN teri tem Hovve

L=
on Bearaeed PSRl RO K PYIRIR dq‘E%‘BJ@i fafs. (QDs),
howgver dhere fisihd repoli@h ajeaplbayed/\LEm gving freccérmingiord Prghié Qfsfble

rec-HRGE h y 0S|l S EQ’%@&%&E Wehiel &g SANGERT nile! 191

greapg bige gn@gglﬂgmﬁﬂfg@@@@ﬁ@ roma3eN based mgsrigizysien. HOWGVEF
eveRBRLEK HebOBioMb iheR b b5 Q0GIO0 A 265 (ﬂéﬁ@l \Bﬁeﬁlﬁ" cient

abrication of |ow defect nanostructures o
brighheRte dReRalb old inglea MW pRtoiuE: trhshi ¢80 aBbi gkt Wit tunabie
wavelangthi t hogr aphi cal | y- defi ned tenplate is utilised for
formati on of nanostructures of w de bandgap material s
and has been used for fabrication of phosphor-Iess
monolithic white 5 light emtting diodes. The
fabrication involves the tuning of the size of the
CDs to generate |ight of different wavel engths. Wite
light is collectively generated by m xing of QDs
sized to generate 30%red-light, 59% green |ight and
11% bl ue |ight. The nano-pattern substrate |ncludes
the use of 8102 or other pattern masks using
| ithography techni ques. Thus, the fabrication
" requires a special tenplate to generate the fornmation
10 of the QDS pattern to give the different col our
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US Patent application publication US 2003/127660 Al

di scl oses an el ectroni c device which conprises of QDs

enbedded in a host matrix and a primary |light source

15 which causes the dots to enit secondary light of a
WOaPIsEs@es col our. The host matrix consists BET/sGEed/iotks3

transpar ent prepolymer colloid and the quantum dots

of varying size distributigon. The quant um dot

conS| sts of materials such as ZnS ZnSe, CdSe and CdS.

A T PRt bt loigih o bRbobRE aRe e
defkdt gienostfuchuraso bb widec lbamcmap emptsiidle aod opteekeeironicy adevices. A

nan%'lat%giré%’lif@eﬁng@ ?errlléﬂlﬁms tfHded f%or?%ﬂ%f?aﬁé%ktﬁ’&ﬁr% of wid

espond I Ssperse size stribution of

| bar@lmmawﬁ@@gq h@ﬁr bagnxsgd &lf%m?-a’ﬂe% o rhesbenasRoRAhig white

hgr@ RS BBHSE THk ZBbiitb&dT ineldsOhe cafm;gu@rmy BREGF Shs QDS to

oo A oL Vil R o S5 B SR g

QDB izt e5 gatsie BO% kdlighic as%mmélqhmméé? Yohdue light. The nano-

paﬂvs%p g@y&%%él shf'x? r%)élowt NotSifer é)%ﬁ&h gﬁhs@ﬁﬁﬁd fthSgraphy

enc ifescenc
techraquepc ffhusg @q@bmtf%@qglgeq egsgggﬁlﬁqa@;iatg Mmﬁrgge the formation

of thd ngap%@cémQQ §ive @le dit@eitcBRur eMidsnPeianhdrédsky tha Wemplbey
r}esce A need therefore exist to-
a“‘i)?”&‘i/‘? é’%erﬁs'i'"i”@ﬂ'tEDém tting device that seeks to address

at | east one of the above problenms. 30 SUVWARY .4 the

pr OV g;aFleélP nEPcl,' Obl %ﬁﬁ%al% es IfﬁoerQHZT%Bthtdcﬁ’&Esésa g EB'ETOF\IC

. devigp-Whiktecastprigest d‘rfé@s Eorbatdedin ados M@Q@rpﬂmarss hﬁsource
- whﬁﬁ%QuMe A0 18 HFCONnaRy gl MMbiecaeho®! Th RodViMbrix

second set f or ned

B °°'}§I§6?t eﬂ A,FAlR Eapsnaeast prepylyHeL ?9“%@%%0 R gvﬁr‘v?@hﬁﬁ% ghvrying size

distibuioar ek éL@nﬁJhﬁdd’VﬁM&:sﬁ oitniterkisrssth ss&hS 7k OQBs and CdS. A
so!g%'tatgf 19 9 UCt lfgr%ﬁstgﬁé/es gso g ghttﬁqurrﬂl ?Etsﬁ%%%h&\;%lhﬁ %Ijiem to
phojgumindsasace light M@/@imyh@r@wgmﬁhg ef thahsire dEtbyics. NeVight may
be gaax%fbom‘ur 1n$fto h hﬁorﬁ@i@ﬁéﬁ&a Sl dxam&p&n{ua.&anaiots) or

based barri er

e FRRY ORI £ GLPNTTTRBE Ty GRTbuton of N fots)

Ho@bvelr hagm fabritdtien freqmntesseepamy “opige’ dereaa Gasthrasted of -

Pl e R i Pelositn RS M) b Rp@ R o A Fftef oo

- forélgn meteriala, which nnam.iammmqigmma%gpce Thus, this fabncatlon technique

is complex and thus increases cost of the LEDSs, with potentially guenched

luminescence.

A need therefore exist fo provide a light emitting device that seeks io address at -
least one of the above problems.

SUMMARY

In aécordance with a first aspect of the present invention there is provided a
light emitting diede comprising a first set of multiple quantum wells (MQW¥s), each of



The first set of MM may be forned on an n-type
doped Ga- based | ayer, the second set of MM$ is
formed on the first set of MM$, a Ga-based capped

| ayer is formed on the second set of MQM$, and a
p-type doped Ga-based | ayer is fow ed on the Ga-based
capped | ayer. The hight emtting di ode may
further conprise el ectrical contacts for contacting

-t d Ga-b d | dt
he M T ARE SR R o s Moo b i SR Rk for

quargeiglots (QEDM@I @ -like ssuppes fethednin a vadiblayeratfeaid each MQW;

s DI IR PR IR ol

xhipif ephajolaescrnge b vdwasih Suftecheomnpared @ethe MQWs of
the fabazphi de of t he rmterl aI system A conbi ned

PR R R

accor tlamfgust smt bﬁl\@Wemmtoampe&:abomt 3the Miaﬁ/ése nt

I nve Catl ng a

lIgh?ﬁ'é%%g(%l{liﬁd%ﬁﬁfﬁ&jéﬁ?ﬁ%g%gm?HE%éﬂggﬂ%ﬁSSI g he steps

of f ob#shrRy ?JKQ% of the ssporh et May cowpEsR @Jﬁﬁa pqdsbarrier layer
and aVQAEDaseEaelN 1:96r fdiRedvbhefia-bixed bhfifet 156t comorl si ng

t I t t
ey UG Pl B B USSR bGPl Bl ver
an Imehibabealywrttiof e cfommdhorl\/ltlw Gadbdseklopamiierylagers end adGs-based
Wellquéy%ed%ctﬁe H[Gi pf the second set fornmed so

to _exhib oto nescence (PL)

vvavel Ehgytingt §¢t.0ﬁt1\é@%°omh g dommy tcrtean\weoctop@ﬁé}afbasgd layer,
the seebnd sé(’\@f 200%/503 Gk RGH/ tﬁéﬁ@.@@éﬁﬁ%@w sl REGOBEse@ rcapped layer

is foggeé %Wsﬁ’itef\% urﬁj;ur ein fy%g IdBBgc{sag%%edqam% is isormed on
the @eboased coppedddyeh)S/ Vs may corrpr i se .about 2 to 5 MQVVs.
Each pf. 46 %mgf dbhe Iﬁgf %ﬂhéetsorggﬂsec %IEEH if c@ntacts for

Ga: based barrier [Fayer an
contpeiings theoprtynfe dered bQ’st@asqstaWFre pod e p-type dozaect&an a@f:d layer
resptdieMME of the first set may conprise a Ga-based ‘

e’ e SRR RS & ot Bl £ Ry,

f or melheoMQWe Im&ry@mpmel ong atgeel syFheen fof asgrogptcondisting of
meaygy\/ﬁlemd%ee%%@%@ Th@HANmEype doped Ga-based
yerThe MQWs 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 pre'sent 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 corhprising a wetting layer providing nucleation sites for quantum dots
(QDs) or QD—like'structures formed in a well layer of said each MQW; and forming a
second set of MQWs, each of the MQWs of the second set formed so as to exhibit a
photoluminescence (P1.) peak wavelength shifted compared to the MQWs of the first

set.
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10 the second set of MM$ is fornmed on the first set
of MM, a Ga-based capped layer is fornmed on the
second set of MM$, and a p-type doped Ga-based | ayer
is formed on the Ga-based capped | ayer. The -
worbdsoshigmy further conprise form ng el ect rpcEiG2006/000263
contacts for contacting the n-type doped Ga-based
| ayer and the p-type dopeg Ga-based layer .
respectively. 15The first and second sets of MM$ may
be supported on a substrate. The first set of
(E%S/OIH%D"FJ@ FHEFIUEES A BRIBRTISE SWBRPSt ure t han t he

B Secﬁﬁchré%b‘t SN Wgy comprise é'thﬁt $iormmoeat of MM may

be- forned with her In than the
sec%&eg%’fdsﬁ% g’? CEBHE 385 e

may conprlse one
matixchalf tmm@mm cnifcheasegzprm wtmwmpnm Gf-bRprREGigr layer

: amJ éhel%/dél b%@ élly gfted H‘cﬁ%@%laﬂa@g@baﬂ_ﬂ?@a yWMVVs may

sphi de of the materi al

Sy Stasinor grau @\A@@m T STAEF CTPE SR RS Dgrrer aver, an
InGEORRHH Wity 18ferl BRndd e d GR-bakdd bdvgertiger.ednd a Ga-based
under st ood d. readi],. garent to one of ordinary =
We%PV‘F"IfO‘i“?PCH‘T@H%ﬂ TV Q%& following witten
desttd st s of bwvwﬂynayfbeeﬁoanm en emhyypeaiwied fa-based layer,
ther_s%%l%q g‘%t' oqr&ﬂdfm‘(‘é\fsns tfcn'ﬁ\eg F VB Gifst shibr WWEE a Ga-based cafpped

ure mati c cross-sectional_ view o

!ayelhe fermegia the seeandrset of MANY3GnE BB HRSIPET F-hasealryer is
forRBR 8H MBS -based cappecﬁa ‘e 2 shows an SEMinage of the

Fi gUomgthon may & msg‘*?ra*fi%e%ﬁm“gmo&%% sonpgig
the&e@b@ angdd @zﬁ-amemgayarlalnd stier mtyipa dofealdia-loased tayexbs@ectively.
g'm l‘ers’c E}ntdlsn o étg &¢ l\ﬂ&ﬁ\%rrgé% éuﬂpéf{éd %ﬂ’%%%b&?éi’é

- The first set of MQWs may be formed at a lower temperature than the

Vsecond set of MQWs.

The ﬁrst setof MQWS may be formed with a hfgher In precursor ﬂow than the
second set of MQWs. | ;
The MQWs may compnse ohe ma’cena! system of a group consxstmg of

1InGa/Ga, InGalAlGa, GaIA!Ga and InGafAilnGa

The MQWs may comprise the nitride or phosph:de of the matena! system
BRIEF DESCR!PT!ON 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 conjunctlon 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 fo 15 show schematic cross sectional drawings illustrating fabrication
of a light emitiing device according to an embodiment,
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WD 2008/ 030183PCT/ SG2006/ 000263 Fi gure 16 shows
the I-V characteristic of an LED according to an
enbodi nent. Figure 17.is a graph showi ng the dual PL
peak em ssion spectrumfromthe LED of Figure 16.
WORIogr0se1818 i's a cross-sectional TEM i nage SPOWE ERY0q/tneze3
dual set of MW in the 5 LED of Figure. la
Figure 19 shows the col oy coordinate of the enission
at different voltages on the chromati city Di agram
CIE, for the LED of Figure 16. The follow n j nt
coFipes B Repsda hé c%ﬁaﬁ@ﬁ*ﬁ@f ao&ﬁPég@f %@eﬁn q%aq%ﬁmm

( Aﬁg@@ 1 7 35* FHapiPehoting B dbal PV, peRoémibsiqrCpeBirim &omkd/] ED
% e: 11-20V. 10 DETAI LED DESCRI PTI ON The
0“:'5%"8 h of the LEDs in the exanple enbodi nents was

peFibaenmeds a siongsectibsal MEMaimapg swinadive v gkt of (e in the
on (MOXCVD) system Trinethylgallium(TMG),
LEDEer?P?feI{eﬁIByI ndium (M n), Trinmethylalum niu @é é)
VaFawsi Grahoep tvgoleu Fogiiingiget (ﬂ@ RySTRY @ qiesEntabiqase on
the Bfr&ﬁé!i&ﬁﬂﬁégranﬁ!y@@ﬂﬁ fhealEh ﬁlFIgﬁmgﬁnThﬁ’bbmﬁ_ﬁdalras cdriegpond
card gas for effectiv a(%)f%nwﬁ('/]é[# 8.
to thet elauinecvoliams g AR Ot oV e LB ERD :
10viBént @02 hnokvgure 1) were grown at different
tenperatures.so as to obtain em ssions at different

wavel engths. After a-high tenperature Gl'! |ayer
(compare layer 3 in Figure 1), grown on a |.ow

‘ DE’fﬁﬂEﬁr[?ééd‘flﬁpﬁaﬂl buffer (conpare layer 2 in Fi gUr-‘e 1)

a sapphire substrate (conpare |ayer 1 of
F| gure 1), the tenperature in the MOCVD chanber is
- | owge %Fbvﬁ!@oﬂhéq_ﬂﬁsoﬂ 1#5 Qe 2Rbglimumia whb petforset wihg a

- met%%ﬁﬁarc S ambork, eber, GO LBphy iR [fCa)

Trinbefiilythdhes (Tiah), abdmethaldmibing ('FT\M)J\AMEGF!@M@{ dﬁpﬂ@) g sﬂane
(SII‘?P\B&‘E used as the precursors. Hydrogen and nitrogen were used as the camer gas
for effective fncorporation of the e!_ements

In the LEDs, two sets of MQWSs (compare 100, 102 in Fig'ure 1} were grown at
different temperatures so as to obfain emissions at different wavelengths. After a high
température GaN layer (compare layer 3 in Figure 1), grown on a low temperature GalN

“buffer (compare layer 2 in Figure 1) on'e.g. a sapphire substrate (compare layer 1 of

Figure 1), the ternperature in the MOCVD chamber is lowered to about 700-750°C fo

arow a first set of MQWSs consisting of about 3 to 5 wells. A GaN barrier (compare layer

4 in Figure 1) is first grown to a thickness of about 5.0-10.0 nm with Si doping, ns about

2.0x107crm®, A thin wetting layer (compare layer 5 in Figure 1) of |tha1_xN with
cémposition of x about 0.10-0.20 and thickness of about 1 nm is grown to enhance the
incorporation of the Indium Nitride E}'ch QDs during the In burst process. The In atoms
from the Indium precﬁrsor segregate at the dangling bonds of the weiting layer of InGaN

" {o 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 durafion of the TMin flow are important for the
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2.0x1011cre. A thin wetting | ayer (conpare layer 5 in
Figure 1) of In"Gay"N with conposition of x about
0.10-0.20 and thickness of about 1 nmis grown to
enhance the incorporation of the IndiumN tride rich -
WO/ ng the In burst process. The | n aP@HBC206/40P35M
t he I'ndi um precursor segregate at the dangling bonds
of the wetting |ayer of .fnGaN to serve as a seed
Iayer for the subsequent growth of- the InGN ODs and

‘ grom@i? tP nfr%% I’é)c?lct?fﬁ r!?wé@%ﬁr{d tﬁa’tgcfb Qr:ﬂag lél(rﬂgw:m F\{%t form enOUQh

e precursor flow rate. e armunt of
seedplfer grwﬂhoiﬁh@%sb%mrlw el DSH%?SH?E AR BH D
the. TIMMflow are inportant for the growth of the

I nd h d h f
BT e Do SRS S PR Bl
(cozﬁpma lagmgr B Fgirath) engrowy acahweeB20WeD1C befyre ther lsungératuiani.

ner 65y MR aBp L e o1 et Bisare fima R
GaN:fo@wécon)par%lamrcﬁm qurea mmwtr a%@@eﬁ%? APRUS10.0 nm
and qr?ém%ﬁﬁt«fgn’?pareslayé}@' R %R hrrvearsogrhar toatidtne89& doatt 1.he
Ondwﬁf%'\@’% Aﬁoy%'? o abgut
50 B WD Sonaue iageris Ph spofset CriaERpiRRY o og
3oots'a¢r@ l@htr@a pefol/aobtse® of) kO:afoun rpreamre nimbthk ieBadertare myp dree
iR Buge faang B insiats op 0 PGS AR RIF KL ETReBh,
ThetzrreseSﬂmﬂssmSmofmmta&we!lswered to about 10 300
~scorn or 43.0 pinol/mn based on the vapour pressure
andtheterrperaturg of the TM _ source. was found
t haftenthegiowthest tavi™ satgiMPWEa f&i“\?é@"eﬁ ‘%FU@OW? ey
Frglﬁéntﬁéfiééﬂ} is Fbﬁ\mzrt o@tﬁ%a@ﬁ‘oﬁ mf 3$m2 st bo0f 788130010, Rettox
S er 0
avef f ReGs Gepeage ey domp S g A0S 28 R aftis Mo

a istetwsaN absut@rona. Tids & ft loweckbres B~t3oe InddsblUayet Bogpamiavar 12

i ﬁ@?e“‘i) ﬁ@n %:Og%mrl}l%s‘i f@nph@%@wgggémg%m%mﬁfég%@ p-

30
B e SR TR VR I L R AT
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resistance. In order fo prevent the out-diffusion of the In-rich InGaN nanostructure in the
well layer (compare layer 6 of Figure 1) of the first set of MQWSs, a conventional p—type

,GaN is doped with Indium and the growth of the piype InGaN (compare layer 12 in

Figure 1) is kept in the range of about 750-800°C. No additional in-situ annealing is
carried out to activate the Mg in the p-fype InGaN (compare layer 12 in Figure 1).

Figure 1 shows a schematic cross-secfional View of the dual set of InGaN/GaN
MQWs 100, 102 siructure of the example embodiment. Layer 1 is the subsirate which
can be sapphiré, Silicon carbide (SIC), zinc oxide {ZnO) or other substrate. Lar,rer 2is
the low temperature GaN buffer grown &t 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 N

temperature GaN layer grown at around 1000-1050°C, doped to a concentration of about
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20 is set in the range of about 80-150 sccmw th a
pressure | ess than about 300 Torn The pressure is
subsequently |l owered fo about 50-300 TUT for -the
growth of a thin epilayer of My-doped GaN i n hydrogen
WOZAHEHB3 Thi s was found to inprove on t he cB®E/&E1006/600263

resistance. In order to prevent the out-diffusion of-
the In-rich I nGaN nanostrgicture in the well |ayer
(conpare |ayer 6 of Figure 1) of the first set of

D2 x*[F{QASBm? ﬁg{r‘};ﬁ tylﬁEp zg?& ll,é?fgl% g?ﬁi’t@%?ﬁ%@ olf ﬁc@{lel(dagg i EL the Si-
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substrate. Layer é% h ‘lfﬁWte hatgréq?{g fferch.
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nandsrattliel AMewhdre yauClteatnieddaf InGahinampstriviurs 404 has an Indium

ot oy Y o P4 ST A LA T e
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at abutgBO-BIRPCy oyt 106 allaype of SlCahNPf ficknrgs 2Rmd AMaWiRTE iS

3 bet\;éefnléﬁ% L@ fs‘; gé}el Seagsub prédﬁﬁn@:épmﬁ@a?nl Hhyel ivHBRe m

'S dep03| ted. The ow rate

'Sb?fye%?’?ﬂ“’hgﬁé'é”at about 10 80 :A-not/min for duration

of about. 3 to 12 seconds whi | e the tenperature in the

TR 28 DI RR ec B ] BRI off Ltece

moremmyom off et petype inSPeh O Jéle@p@aowaprpw?@v @09 sppears to

_ -be{;'a?& cLenbedded In rich nanostructure 104 has an Indi um

_ Pro#essing'is then carried out for the Schottky and the ohmic contacts on the p-
type lnGaN (layer 12, Figure 1) and the n-type GaN (layer 3, Fgure 1) respectively. A
morte detailed descnpﬁon of the fabrication process Wlll now be given with reference fo

Figures 3 fo 15.

With reference to Figure. 3 the method for fabricating a device that emits lights

from red to cyan with varying voliages in one example embodiment comprises providing

a substrate 300 with an epitayer 302 of GaN buffer layer and a ntype GaN layer 304.
The epilayer 302 consists of the growth of a nucleation (buffer) layer of GaN at about

© 500-550°C whils the nype GaN layer 304 Is grown & 1000-1050°C,
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10 content ranging fromabout 10 to 60% and emts
light in the | onger wavel ength. Layer 7 is an undoped
GaN capped | ayer of about 15-30nm grown at about
720- 750C. Layers 8-9 represent the 2"d set of MM§,
wobhms/esoidie tenperature has been increased RETAGBUNCOYOE
fromthat of the set of MM. The conposition of
Indiumin the 2"d set of &M, I nzGai _zN, has the.
nol e fractions z. <y aS compared to theft set of

I\/Q\/Vs Wi tsﬂ%%/g“tee‘ﬂ% & @F'ﬂ% geq;%{ '\?%Sl?[t %aﬂné téfgn%gagr% g aRped

40(19ch’ GutﬂopZS BaR (depokitederith B Hopisg ta}nb@@@tron of ahaibzal D“’ to Y, i

t hi cil1<nessF20 4‘0 nm where a i s between about 0. 1- O 3.
CmTﬁ'féS Y0t F¥9%% the My doped (p-type) In", Gai"
| ayer where mis between about 0.05-0.1. 20F| gure 2

sheys ¢ é?sﬁgé%b rﬁgtrl:lrgllr Beint-Rad Bl ébbﬂ&imme&éiﬁﬁ&aiumﬂ aQfyer
t he surface nor

f Y
50019, InPies WPEECE ffr‘ﬂSPi) %%ma%yu 3’0‘6’ ‘83’&@51 f8’"{"0 b S""‘%’F?&E‘F‘e
wetﬁﬁ@fﬁﬁe?%béi%d Salti Rger 4001 it theoubstier3o lenpSetive ﬁkgre@ad by

cts on th
abqgi &P@"iﬁo“‘é{?ﬁj‘”a W RieqReLe éFahRiNﬁ 5%8@\.& el g@gtngilrﬂm%'e{mﬂe%n
abdueSRE AR isgednys, A quanten dersake @mc@@s@ﬂu%ﬂw@w vtfﬁree 0.2<w
now be given wth refer ence
<1[) %Féea({’ %W%E%&e th reference to Figure 3, the
met hod for fabricating a device that emts lLights 30
fr o, SekirkQniny 81 WMobibty 800y i stzdlsttagesatie ainibee kenphid

of o e Souhre Fooah oo P e 100 B aRR) uhilg

is foRyeal aé%%wﬂdn Eigap T.ayer sigBXesoibed wﬂsrefﬂertcnéo lj\gtmﬁ H toff
arEW?Feag cftﬁ %npg gu&%ﬁ; N?\}@&ﬁfcﬁu@s g8 Noat 308 R YhomPR-FRalfl s,

ayer grown at
wheOSaclh 08 0'G: structures 3RRX8J 2 5%@@5@% a{ayeR P, ia layer 500, a

5%;;—!? -ﬁgﬁéjstﬁkt abgi nﬁ@&ueﬂwyarmemramw) and a | ayer
7 g?& i-dopgd Gal\?ls deposited wth a dopi ng

concentrati on of about 2 x1017to.1x1018 as shown ih
Fi gneR, #e sﬁﬂ_dh@témrsrraﬁrﬂalﬁ@ﬁaﬂ the sdeentematmatuse Ao thahfor the

Siﬁp%c%nbt c:ﬂﬁeb t %QE‘EE@%O% 25 6 a’%o&t%@’f: t§@@0°@:fand a capped

X ran rom abq 10. ta%g

laye090fed Gadl is éﬁwﬁe@; 5 O\We'ﬂtFFQ"PEfE? aﬁ'@rﬁ“‘&?@‘i& féerpserpilie i

thérﬂifc%as@gg 3Wd ani%‘ i%r‘é@b gﬁSi@joB&%ﬂeW]ﬂea abpingeconcentration
decr eased abou an i pL.ec

of G0 GG bt B b eeootes 5 SHPREF e TP e Misfhee s

madnthifedlat aﬁ&ﬁ@@&m@teﬁmamuwmm wellllayket 190 piloiGagN, 806 <

| nv aal wher 2< -
v, b b8 showe i P 1. e e der bRl R erefihod ROBbE 10
anamtaraereseam ot tizmpeo FmMOAS StAIcHERS 1260, J7QAA%ShgN In Figure

H%cg&s’r%’n.lr %D%t § ﬂ)@tcH V\Ens@@@ SOdopkd Ggﬁ laye™N 008 2h8 b hwell
a er

% ere y>x, is formed, as
Iaﬁhdfr’/ﬁﬂ Flaures §0r The steps described with reference

to Figures 4th 7

The substrate 300 is maintained at about the same temperature and a capped
fayer 1300 of Si-doped GaN with a doping goncentration of about 2 x 10" 1o 1x10™ cr®
is deposited, as shown in Flgure 13. The substrate temperature is then increased by
about 30°C and a fayer 1400 of ALGaw.N where 0.1<x<0.3 is formed, s shown in
Figure 14. The substrate is maintained at about the same temperature and a capped
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15 are repeated three tinmes to form MM$ structures
- 800, 802, 804 as shown in Figure 8, where each of the
structures 800, 802, 804 conprises a |layer 400, a
| ayer 500, a quantum dots-like structure 600 and a
wombgdosbdyer 700 (Figures 4 to 7). Next, thepcustsbicabess
300 is maintained at the sanme tenperature as that for
the. 20 step descri bed aboy mﬁth reference to Figure
3 of about 700C to 850C éhd a capped |l ayer 900 of GaN
i s deposited, as shown in Figure 9. The substrate 300
layel @BUEbABUYR InSGaHdh wrthd\r‘tgaa@aldg ls% aBBL AB” do MaiT crrdim

f about
it s e R

10. The substrate is nalntalned at about the sane
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layer 1100 (Figures 10, 11). ~ The substrate 300
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cappe ayer d
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. reach layer 3 of Figure 1 (layer 304 of Figure 3)
usi ng I nductive Coupled Plaspga Etchi he
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to achieve the different
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| errf?éémnd;ﬁeak hﬁnﬁ‘ %? 486 (RO 24CIHERABE Flyuweo! 70 UFigue: X8 rfovietne esisur

I eve the deS|re vel e h
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and@X11Qﬁ&ﬁCter'St'c for one exanple LED. In that
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enbodi ment, In rich | nGaN nanostructures are grown on
a 1 n0100a0 goN.wetting layer using trinethyllndium
(TM n) burst during the growth of |InGaWeaN MMVs.
These In rich I nGN nanostruct.ures fornmed using TMn
Waszuetshwmtlsurfact ant range from about 50- P8O/SGING/000263
sewi ng as "Q0s-1ike" states in the structure which
act as a nucleation site Lo enhance In
i ncorporation in the InGaN vvel | layer. This gives
rise to a broad PL enission peak 1700 with wavel ength
in the range of 500-700 nm as shown in Figure 17.
The @é'?&ﬁ@ﬂgq L A%ES | s WRCaNkAbRN efduiLIes HEeBIEROR vaam is
obser ?romthe tr nsm on el ectron m croscopy
Us%fq[maﬂufﬁﬁ@@fmpﬂﬁ?‘&@%“ci ”S’I"f‘f”@:i er to produce
g em SSI on with different wavel ength, two sets of MM
] enented. T e [
o s UBRERR AT ol Prbesd e meb g e mato S AT
dzspfayd\l@étomﬁmhbwrdmheewasfﬁkon peak 1702 at .460 nm as

shoy lb Dol @HPS l%?pacﬁﬁ&y 5&de%9d§mw§nérﬁ FastOlht)PC monitors -

coo nates e emssjio te, i fferent
baguitiage Breove ek =D SREERY %%ﬁl %‘%‘? Puffisotid SRE e
cafdBNiyedrRRiLEDE &) proaaeTESiaIr esmdenngl | | um nation) in
part S%y%l? (3 3-4V, (b) 5-7V, (c) 8-10V, and (d)
11- 2% st&{Rd) / 030183PCT/ SG2006/ 000263 11 The
abi + Atitgmblole hedoflizidta eed rEMslighist h t uneabl e col ours as

the voltage is varied i's useful -for a nunber. of
i nportant applications, incl

Il LtrwaMw|a§we@ﬁt§=ddw3§|P3V°%§F'E%Js\§ghe ?H.fEa"u‘WHeﬂ%‘é vaigfions
add}olr %ﬂ@é’c&bﬁ&“mﬁ b‘é' fHRRORN e prisetl imvestidnnessstops, in Hicusiesific

eribogEn e SeieEe o R P T Pohe i B proady

deaatbelii THat prevgnt ammt@arem@@for%éqo@%mswe@ iealbesspasinge |
‘bﬁ"iﬁﬁa eabdﬁ&?&%ﬁrﬁﬁ wEnhance the capability of the LEDs

rovide colour rendering. 10- Solid state
[i ghtl ng. - Autonobile headlights .and traffic |i ghts .
It Wk Inoke Banhe Gohéragidyraninge irs Biguskil drel3 itn 16 lzee avitio

ST GRSt PR o ARG P d T kb ey OFh FRBer Bl BF os

theperobftiide hasedndrotingedevicesi wh@btm%}@ﬁdﬂﬁ%dﬂ@@’&ﬁ% [/ AlCa

OuD fn@ayﬁblﬂgaﬁ\%%ﬁﬁarﬂgg %Eﬁceinrﬁé%eﬁ HeRceaS]t bﬁiipﬁjbpbremated that the :

nbodi ments are, d g
otlrm o6 dhtion 6 ohogh A el VEROT Enge St SkeRgy
VAP lhdtRed Hfblehe mdtbridls Ties ebitingalbydrhesesiciediaptendent on the

: elgﬁn%\r%snl Sthé Qvelﬂa%/lég‘ the sgnqg te?fnégp onlaxa?é'rﬁary %‘!0} Qan be used, for

_instance an In,Ga,. P wetting layer is adopted for an Iny/Ga,.,P well layer, with x <y.

The elements to be ircorporated 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 ritride material. In the
case of GaP, the InP QDs used can enhance fts emission in the red regime to infra-red.



20 scale. The present invention can also be applied
to cover other materials such as the phosphi de based
emtting devices, which include In/G, |nG/A G,
Ga/ Al Ga and InGJAIInG (well/barrier) system based
devices. It will be appreciated that the colors as-a
function of voltage and thgsoverall wavel ength ranges
of the devices may vary between different . materials.
tting | ayer used is dependent on the 25

G ts in the well layer. The sanme temay or
quatErnavyhgﬁbﬁﬁﬁ@@mmhﬁcb&@ﬁmngor i nstance an

In Ggffimt sét oPh 1%1%;5‘1% qgaj)(t?u%.lllﬁzll 3@‘? gacgloo’%g MB/
ﬁraﬁ eeircpmpatn@@ afvmﬂn@stqurewdmgmuclaatmrmms fmiepﬁnnmmkds
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exanpl e as IVG

I ncor é cri
t he % ‘Si;é‘ﬁ? M “gﬁhrﬁ% - NQPa 8 thegiegend it fosrvd so as.
‘tonéthibide pmt(ﬂﬁm&iescehﬁe t(hE) péhkcasel@igthSai frell B mipARdGbSthe

Nﬂ%?9°§&£é%&@%gce its emssion in the red regine to

CLAI M5 1. Alight emtting diode
conpki si il light emittingdipdst assdtimed imelhini bl ehereiarbe@Ds or

O o I o ovb i g nucl eat Lon si t es
f or uanﬁ%ﬁ?%@‘?@ ‘Xf‘r Séﬁqnieﬂéi Jaimpck of daviesripthe first
seil af BIQWE Icoﬂnplyﬂ; abtfmtSSaﬂo($ eaokis. MW and a second
set pf ; af, .t he sec
f onned sé'vﬂl\gél tomélx ngoélf) & *n BPSH We%t?:ee g E’rﬁﬁiduﬂfeak
clgimse Waprgintthe kecond de@fﬁcﬁ@%obmmmm toof MQWsf i r st
set.5 The %ghtTéiﬁrﬂlﬂgga}Bd@zEE' élzhhi%& nﬁh@ﬁfh&ﬁtﬁé Q&g N

claimi,. where | ke cture
gyt herginy fﬁ“’%i’tﬁf’& QWs W of! t{l%secvwé sqt coRprigasia ¢3-heped baisr
lags anl ah Gacbased eehilagr foreved 2n tﬂ%@ﬁ-@hﬁdtﬂaﬁwfrlliﬁi‘ set of

NQMG conpg g 6k %9]%15%%16@ 2 Wedl angy ot iof 55%@&6&?%‘%

mtti ng I'n any
cl @m@ Wberemq@acbuqeﬁ thipr M Q@Bsordhe éilrsto?f:t Mgwlscs apba-besd barrier

lapRO8 G4 Bas'éd w&ng layer forn%d O-Fpﬁel('iggéseﬁrﬂa}ﬁérrlgyé}' adea

e precedi ng cl al ns,

cl.ai
%ﬁ@?gﬁﬁ gﬁﬁ %ﬁ ‘bﬁ@ﬁﬁgﬁ@@ﬁond set conprises
a Gd- bas&He baiitrémeittingayiede andadmedGa-dases] wedrbinlthy ffst set

ffNQQWESdaIQ r{’rgﬁ oggmk}?@sg dg cf{;l (.:}% eﬁ)fa%re )}h%ﬁeé:ogq seitﬁ)gb]/?QWs
is é‘?f@tﬁ‘édq'mélecﬁfét A, Ovaél\ES e éhcﬂﬁls‘td‘ Cétmed M)m ipforpted on the
seédzﬁsget %ﬂMQWEPEahé ayer c%@@@ﬁ -BAEA 18fer 1§Y&ﬁmd the Ga-

b %ﬂ d mettlng med on the Ga-base
g % §fer, and a Ga-based wel | Iayer forned on
the 8l nGaThEhght repittmgeliode as claimedin cldim ¥ Ifghheresmdphtsllﬁg

el&h%?ctﬂﬁa&s! 3k ggrgcaétﬂlg%gh rﬂq@e’ do\ﬁg& 'G%l lﬁséc{] l%ycf:rl aﬁa 1? Lrype
doped Ga-based layer respectively.
9. The light emiiting 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 MQWSs comprise one material system of a group consisting of
InGa/Ga, InGa/AlGa, Ga/AlGa and InGa/AllnGa. )



of MM are formed on an n-type doped Ga-based | ayer,
t he second set of MM is forned on the first set of
MMs, a Ga-based capped | ayer is formed on the second
set of MQM$, and a p-type doped Ga-based | ayer is
formed on the Gabased capped | ayer. 8. The
light emtting diode as clained in claim?7, further
conprising electrical contagts for contacting the
n-type doped Ga-based | ayer and the p type doped

Ga- based | ayer respectively. . The light

eni t t }ing Hiolight gmittingdiade 45 5laamed mféalm 19, yeheseia deiMEYW's
@bﬁpfﬁothd\/fiﬁﬁ@&ﬁh%%lﬁﬂ{&th@ﬁﬁteﬁﬁf%@%r@et s of MO are
Su (0] on Su rat.e

ottt T ho HoHE e e 2 dhipiohin B ORE o5 b durssgine
c]ah:hsrswhaﬂaer @i omhmel I smopninsef othe dintler doaderss us hetable
gfavgf,%;%g?gpggﬂ %@@ggénﬂ]nGﬂ/ Ga, InGa/Al Ga, Ga/Al Ga

11. The light emtting
di odellas &1 &g ioh Eabaicatinen 2 WsBY entltinge divdpg the method

G@leﬁglﬁgthblg@p@bfrl de or phosphl de of the rmterl al

°151 P ot B oF S B R RO 59 6 8RS
obthpi fiveickePLorspesing o metfing lagexdprodxdugomissman sitesafor guantum
&&g ﬁ%@%@ gl?lg gtrr?étul%g ?offneﬁﬁl? a?&%@ﬂ{ﬂer of aa_ld gécgh Mhéew and

met hé@ﬂ%ﬁm FASPRAG Seh ef M@Ps. gach of the %4% Wi @fgﬂe fecprd set
S@inef somud tib RIx@IHEL AN NEASEMMPL) Rakhwalelddigh shifted

et rising a wetting |ayer
%@W&Hﬁ&(?@gtofaﬁ@rﬁng for quantum dots (QDs) or
Q} | i e sThamtthoéss tlammetiniakim Me heteayibe (JPs erapD-like
%@g natoms OFMng a second set of MMé, each
% the second set formed so as to exhibit
-a pho}(5®l ukhhasthodcs. qlamed japlaigs s @nkt vhangintthe first set of

mmrcedphgestabeutm&s piQwhe first set. 14. The
met h |alﬁ'fogln claiim 13, wher.ej
A

D I sy By oAF o Slint 13 G, Upgein the

szt hd ekt @8 MSD Wis wedhptiresaibainind tolBMQWE4, wherein the
firstyset TRl MRN8 a6 QIPRES &5 aPOM ofchithsOl MM, wherein each
of the MQW5s of the second set comprises a Ga-based barrier layer and an InGa-
based well layer formed on the Ga-based barrier layer. 7

I8.  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 capped layer is formed on the second set of
MQWs, and*a p-type doped Ga-based layer 1s 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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16. The nmethod as clained in any one of clains 13 to
15, wherein the second set of MM§ conprises about 2
‘to 5 MM, : 17. The method as clained in any one -
of clains 13 to 16, wherein each of the MMé of the

 woSBsaasksset conprises a Ga-based barrier | ayefscaneomtss

I nGabased well |ayer forned on the Ga-based barrier

| ayer. 18.. The net gd as clained in any one of.

clains 13 to 17, wherein each of the MM of the
‘first set conprises a Ga-based barrier |ayer, a

1 nZ?a bae dhaietct asgaitney &t afyomged clainst 1o ea-wresd fhe first

| and : OEH @étgloﬁmgﬂﬁ/s %@uﬁp@%d%%b%ité | ayer formed on

t hod
L1 mod e feslas o5 datnerin et g G Sa R gt
set AVEIWE [sIfBﬁlneQirht a oxnerttmﬁe;dmmmaﬁmetsam sehyfeiWshe

nd 1S fo 0 .
’Vﬁ, ﬁl 63%%%%\%3'6&83" '(Egg"e ‘?Cf;apr%r lé§5 r—{'{eiﬂfthe first,
set sfeMQWs I Xmed vdthaa ghighgpdn @@y@wo@o%gtg@utheawpnd set of
Mcm& rmed on the Ga-based capped Iayer ' 20 The

nethod as clainmed in claim 19, rther co '
o nde1reepd ealodBRY 4t PeY PB? OLBRIRCI RoZh TR e

MO ﬁ@ﬂpﬂ;ﬁ;‘ BRspdtehialssionner d feup obyetnglofinGa/Ca; idsena,

‘Ga#%%é &%ﬁﬁﬁ&ﬁ%yng oflglalns 13230 gge aﬁérg?nafhe

fi2st afe reetbocds skirsedin diaimgﬂtawberg!uﬁmm empgise the

_nttnd%u&%th?%rﬁ%el cﬁé’:h_ﬁg,a s &Siyg \?\l}_]FTEt hod as claimed in any.

one 0 verein the first set of
NIQM is fornmed at a | ower tenperature than the -
second set. of MMs. 5 23. The nethod as clained in
any one of clains 13 to 22, wherein the first set of
"MOW is forned with a higher In precursor flow than
the second set of MMs. 24. The nethod as
~claimed i-n any one of clains 13 to 23, wherein the
MO conpri.se one materi al systen1of ‘a group
consisting of InG/ G, InG/A G, 10 Ga/ Al Ga and
I nGa/ Al I'nCe. 25. The nmethod as clainmed in
claim24, wherein the MM .conprise the nitride or
- phosphi de of the material system 15



