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WO 2006/ 025793 PCT/ S&004/ 000274 1 NANOSTRUCTURES AND
METHOD OF MAKI NG THE SAME Field 5 The present

invention relates broadly to a nethod of fabricating
naocoeakseet ures, and to a nano-structure ass‘i’@i}sﬁzoocuooom
Background 10 Low di nensional structures, such

sem conduct or quantum wi res and dots, give rise to

new physi cal phenonena and technol ogy. These | ow

di mensi onal sem conductor structures have been

appl i ed toel ectronic and el ectronic devices
resul ti n&‘%%&rﬁ“‘g HRES ANPMEBTHPPGF MAKING THE\SAME .
Exanpl es of such devices are quantum dot (QD) | aser
%Qdes (LDs) and single-electron transistors. 15 To

e, two approaches for the fabrication of
sem conduct or nano-scale dots are commonly adopt ed.
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nano- sca dots direc on a rog
sﬁrf"f"b'ﬁetsu?’éd t"t%P?fEUSthf?é“fBé‘ﬁ%%ﬁﬁ'np approach; the other
approach is the direct patterning of nano-scale dots
E@ékh Juigor aphi c met hods, 20 called the top-down

—appr oacit. I n the bottomup approach, the formation of
nano-scale dots is controlled by Stranski-Krastanow

(S-Kow Hﬁﬁ\é&.dﬁ%ﬂ@uﬁ?&%%cﬁ eds s %‘%E(gtfe){j Sﬁ rﬂ@%i@?ﬁ%@nd dots,

nost  cases Fe- Cryst
IREE dpi '@%‘k)pf\ygp@) phegnreangr and atndmmlcm Siyeese albw  dimensional
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b3 Bali E Hieiveg, BagHogaty 3h e davicescbramples ohsyen devices

agray@stumedy (@) lasendibdesqLDs)sindingie diebtr@firaRidislsr ease
t he possi bi ity of nucleation at selected sites, for
exanpl e, strain control. Furthernore, in
sel f Q)F‘@}Sn dpprazghes derdbe fahricglimmofusenticirsiucion hen®séale dots

odimbrilvs ¢
:ifgtg e mé@ e adt m%r& gsgngt?gﬁ%tegséﬁwaﬁ@mﬁ of pana-scale
STres t?T?*eg?f%%}eoaaﬁt@mf%gteayeeﬁ the Holtomoen apprpach; the

other approach is the direct patterning of nano-scale dots by lithographic methods

called the top-down approach.

in the bottom-up approach, the formation of nano-scale dots is controlled by
Stranski-l(rastano_w (S-K) growth mode through self-organized processes in most
cases, as well as re-crystallization by solid phase epitaxy (SPE). However, random
spatial distribution of the nano-scale dots usually occurs in the self-organized
processes. Thus, in order to achieve a regular array of nano-scale dots on large
areas, a growth surface must be modified to increase the possibility of nucleation at
selected sites, for example, by strain control. Furthermore, in self-organized
semiconductor quantum dots, coherent island formation occurs during the growth of
lattice-mismatched semiconductors.



technol ogy provides a way for the fabrication of

wel | -ordered nano-scale dots  artificially. The

| it hography process can precisely control the size,
density and distribution of the patterned nano- scal e
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al urat theusanuxiinde, th(athosmfdhemeslemﬂpe eraintbltmet [ fi ci al
patterning is high-resolution |ithography. AAO has
stinmul ated great interest as a nano-structural
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bei n‘g‘\mtt&elgtlrrmw fgoeattuhterefshlas|acamrncestrtmturahtemm61te due to the
str res. e r 5 ent terials
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tenpl ate often bl ock the nano-holes. As a result,

grom h of the nano-holes is hindered. This problem
al so i npedd3 tetnpladgsp biec being rwidély nesed- fot ding lfatiriestion of nano-
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nano-holes is hindered. This problem also impedes the application of nano-

templates fabricated by other methods for producing nano-structures.

Summary

In one aspect, the present invention provides a method for fabricating
nano-structures comprising: providing a substrate for the growth of the nano-
structures; providing a separately fabricated template having predetermined
nano-patterns formed by self-induced penomena; providing at least one layer
of mask material between the template and the substrate; transferring the
nano-patterns



of mask material between the tenplate and the
substrate; transferring the nano-patterns 3 fromthe
tenplate to the | ayer of mask material; and gr owi ng
the nano structures on the substrate in areas exposed

through t [ . of sk .
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The step of growing the nano-structures may comprise metal-organic-chemical-
vapour-deposition (MOCVD) growth.

The step of growing the nano-structures may comprise MOCVD epitaxial growth.

The substrate may comprise gallium nitride.

The layer of mask material may comprise an insulator or a semiconductor
material.

The layer of mask material may comprise silicon, dioxide or silicon nitride.

The template may comprise anodic aluminium oxide.

The material for the growth of the nano-structures may comprise a
semiconductor material.

The material for the growth of the nano-structures may comprise indium
gallium nitride.

In another aspect, the present Invention provides a nano-structure assembly
comprising a substrate; and nano-structures formed on a growth surface of the substrate
by a bottom-up growth process; wherein the growth surface is not modified for lattice
match to the nano-structures; and wherein the nano-structures comprise nano-rings or -
doughnuts.

The nano-structure assembly may further comprise further nano-structures
grown



The material for the growth of the nano-structures may

conprise a semconductor material. The material for

the grom h of the nano-structures may conprise indium

galliumnitride. In another aspect, the present
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Brief Description Of the Drawings

The invention will now be further described by way of non-limiting
examples, with reference to the accompanying drawings, in which:-

Figure 1 is. a schematic representation of the cross section of a
structure for fabricating a nano-template on a substrate in accordance with an
embodiment of the present invention;

Figure 2 is a schematic representation of the cross section of a
structure for fabricating a nano-template on a substrate in accordance with another
embaodiment of the present invention;

Figure 3 is a schematic representation of the cross section of a
structure for fabricating semiconductor nano-structures in accordance with yet
another embodiment of the present invention.
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Brief Description O the Drawi ngs The invention wl|l

now be further described by way of non-limting

exanples, with reference to the acconpanyi ng draw ngs,

| Womlaesmhs79Fi gure 1 is. a schematic represent atpicgRc9804/000274
the cross section of a structure for fabricating a
nano-tenplate on a substrate 8 n accordance with an

enbodi ment of the present invention; Figure 2 is a
schematic representati on of the cross section of a
structure for fabricating a nano-tenplate on a

substrate in accordance with another enbodi nent of

t her Fﬂimf g;i? gﬁ\/ﬁfﬂéteﬁgéncér?ﬁgﬂg %@lggur:eirrl] ﬁié;?xFJ‘a&r%{eirr Elgrtlcﬁpaétterns ona
"ri%{r%'t? g‘%’rai ec'gttria%'%ggﬁit%ﬁHﬁﬂf’gf‘l?ie'ﬁiino- structures in

accordance with yet another enbodi nent of the present

i nVergd i Q04 74 Fi gur
o) R0 118 R R e Shctr ] Fidlh A Rertn 53 femplate
'57e8Pvedano- patterns on a nano-tenplate is transferred

to a mask material; 5 Figure 5 is a cross section of

t he cture in Figure 4, after the nano-tenplate is

r eno\?ﬁe%".eh Gt &6 G{;\O’H’BQ‘? gaietyre shgwn i Figire s tshpwing the
grawthrofisemiciogduatormanststraciugest dnathe golssake. of

sem conduct or nano-structures on the substrate. 10

Figure 7 is a cross section of the structure in Figure

6, shENd ther @esh eepliRTc0Hrtheastaictire uiot Figuse o) Simwing the

seniiaindadter Rinoitrichifed &S theBabardté hitérsné HIMRY ﬁ%éeéf\%}% rﬁggged.

Figure 8 is a scanning el ectron m croscope
of a porous AAO tenplate in accordance with an
enbodi nent of the present invention. Figure 9 is a

gr apl; W j . Size di i.bution of
nano- ﬁ% es Ig%egslgb\e/r‘eﬂﬁ4 %%?n&é'ﬁg'gﬁﬁopﬁqéﬁ%r'@ag? 03(53 porous AAO
tenplgtedn pocqrdanae vathnan embedimact of thegpresént ifventien.
m croscope (AFM inage of

Figure 9 is a graph showing the statistical size distribution of nanc-holes
derived from the SEM in Figure 8.

Figure 10 is an SEM image and an atomic force microscope (AFM) image of
indium gallium nitride (InGaN) nano-doughnuts grown on a gallium nitride (GaN)
surface using the AAO template in Figure 8.

- Figure 11 is a graph showing the statistical size distribution of the nano-
doughnuts in Figure 10.

Figure 12 is an SEM image of InGaN nano-dots grown on the GaN surface
using the AAQ template in Figure 8.

Figure 13 is a graph showing the photoluminescence spectrum of‘the inGaN
nano-doughnuts in Figure 10 at room temperature.



10

16

20

25

30

indiumgalliumnitride (I nGN) nano-doughnuts grown on
a galliumnitride (GaN) surface using the AAO
tenplate in Figure 8. 25 Figure 11 is a graph show ng
twe 2846225798 i cal size distribution of the nano-pcT/sGzo04/000274
doughnuts in Figure 10. Figure .12 is an SEM i nmage of
| nGaN nano-dots grown on the &aN surface using the
AAO tenplate in Figure 8. 30 Figure 13 is a graph
show ng the photol um nescence spectrum of the I nGN
nano- doughnuts in Figure 10 at roomtenperature. WO
2006/ 025793 PCT/ SG2004/ 000274 6 Detail ed Descri ption
5 Cenerally, the described enbodi ments provide
b%ﬁ%ﬁg@&.étﬁ;ﬁ' cation process for producing ordered
ano-structures on a substrate. The
integrated process includes the transfer of

nano-Gutlet A5 the! &@cﬁb&ﬁ @Rlbbﬁimé'n%t frolide @nt@&%‘fecf {doRt2dn process

_ftﬂhe substrate rowt h of the sem conduct or

© ReUERG Rt ed SRt FaorRle e Aatbigeler Toe integrated
pr&cdst; irsdhelel dhéo transteledtyianopatitrnt fiohen nﬁnd-@imilﬁé & bSnask-film on

t n r fi
tégr ec%t{?zﬂe é%daﬁ ong{lﬁ]thgrser%(@@dtufzﬁé "F'f‘? %W%tprets 8" qﬁe patterned
%@F‘p@@éumcebel ng used as a nano-patterned mask. |t
shoul d al so be underst ood that when a tenplate is

referred to as being anot her film cover
t he éﬁq?'eq“i? P?Wﬁd&fsﬂaodpmaﬁ wiipnod templaly |Snfefer183¥ o as being "on

emotharrﬁlm dt d&aiplﬁ@ﬂi?éﬁt@tdrothecfﬂmt bealsdveIhe ﬁﬁhﬂdt&ﬁe @lrpose of being

cgting a ., nano-te
BE0.45 e dhor gt R mEd o Dol et SFEPLROTART when g pmetete s
rgf_errpq ta a8 lselnga'lﬁbbamtbmﬂlmt hmag cover ther entifel Umow gypdrikasofdhe film.
substrate 112, a mask material 114 and a |ayer of
nano-tenplate material 116. The nano-tenpl ate materi al
116 AsSHeaRds deprgrertatiomel thepsessasastion »f wirpetuge fos fabricating a

rizhodd1Bplatsdn ﬂaﬁw&a@é m]é:ﬂe)(di‘iﬂﬂé( ehibb&neRelsRWntiA @ﬁgure 1 In this
il%%%gr!'&eag,etg éﬂ& {@r?f)m%rggs% sugstpa?e t1 ?Erp :L %tagk %tel’la' 2%1»4 and a

' layer of nano-template materlal 116. The nano-template material 116 is disposed on

the substrate 112 with a layer of the mask material 114 (mask film) between the
substrate 112 and the layer of nano-template material 116. A desired pattern is
fabricated directly on the layer of nano-template material 116 to form a nano-template
(not shown in Figure 1). In an alternative embodiment, a nano-template 218 with a
desired pattern is fabricated separately and then attached to the mask film 214, as
shown in Figure 2.

The cross section of a structure 300 for fabricating semiconductor nano-
structures in accordance with another embodiment of the present invention is shown in
Figure 3. The structure 300 comprises a substrate 332, a mask material 336 on the
substrate 332 and a nano-template 340 on the mask material 336. The nano-template
340 acts as a mask for the transfer of nano-patterns from the nano-template 340 to the
mask material 336. A material such as anodic aluminuim oxide (AAQ) may be used as
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fabricated directly on the |Iayer of nano-tenplate

material 116 to forma nano-tenplate (not shown in

Figure 1). In an alternative enbodi nent, a

neoQodemniloat € 218 with a desired pattern i S PpCT/SG2004/000274
fabricated separately and then attached to the mask
film214, as 25 shown in Figure 2. The cross section

of a structure 300 for fabricating sem conductor nano-
structures in accordance with another enbodi ment of

t he resent invention is shown in ure 3. The

he paRe-inmplale 3400 hs Panespalterg iy thamenegeznplae R48 pay, for example,
bekerarely 380ansnhéles 339, S‘hb&idn@tp%tﬁﬁ% aﬂﬂdh@ nano-template 340 are

ERRRETRI © o TR Sl 238 g o o eiiEnest, prcively

araipled ppiasnaad| GF) oem:ltnhga isnage toetrphsiere ti@4@anocpatthms frs Khe nano-

tg@lb%:g() l%etﬁe nésEﬁiaS%ieagb?éez %og@ %ﬁ%@%&é@d%t%{}a‘%ty of etching
teiny O‘Eﬁi‘/ B@@E’?E‘edﬁ"t@@'W&n‘@et'@ﬂ?rmt*éfTBH@"qufh dor example, wet
diEtey Pslhg EfidhSicAlBolveRts AR @n} Sth@USIng 1A re@don.f Or

exanpl e, be an array of nano-hol es 344. The

nano- patterns on the nano-tenplate 340 are

t r an$fogione @f the mask matetilled30uisdt ara tizedtiylund&Bhépano-holes 344 are
e?tfrfé'a' aﬂ&h ITH st r@kﬁﬁ%ﬁﬁéﬂ irgﬁﬁer ofI tﬂg %%Bb-??lté’r@ GBHPIE hano-template

asna
ﬁeifp?am%!? wgter'abf#ﬁﬁe His ahwselt ehe aaAm-patterason the nane-templrte 340

di@tcdbical toBe mdsk nadieidi 8age understood that a variety
of etching techniques can be adopted to achieve the

nano-pattern transfer, for exanple, wet etching using
c henifc apatieolede mhaskandaterisi S88hihagingsiang arap bEatdnodivles 348

ﬁ%%édﬁ{aﬁ'lgol% ath%% ﬁ&eﬁ&f g#\ Zﬂ‘ue ﬁgﬁo Eé?lﬂglacfgrﬁo d"s rsﬁﬁ\% ¥n Figure 4.
&fi@& the aanonpatipsn trﬂ@ﬁglf. the menottreplade a4tbmqemongd {shown fimEigure 5)

iNRANS ot MBbdddefor Idrthel PrddaBsinG SRt BAE raRb-tepfate /Sio QS removed, a
erns he nano-tenpl ate

|
S eP o B0 e Gl MEgR (NGBt dppeRied onto the

_suhﬂ#ater@BErthmbgB?nRe Inang-hgjesi 1348 ronatheopatteiiva- Maskemalkdidl 338, and

BB HS SR Bl L 30k g can b
cAkied- Pt inevatioys mw chaebers 90 -reetigrs avkictB 4llow dhe deposition of
seRIBNA@ArS WutHalsD for Jekdinpld, d fmbtal- b@aﬁ@%b&ﬁi@&iﬁgp&ﬁfdeposmon

cessing. After the nano-ténplate -
@&Mﬁ& g’ﬁg senmi conductor material such as |nd| um
galliumnitride (InGN) is deposited onto the

;;?fgﬁﬁé %(H{%E@g& éhe ggrrl]a I'ILFE lsuc %g' %amﬂmtnrilﬁde (GaN), and the
mask material 338 is made of silicon dioxide (Si0,) in the example embodiment. Silicon
dioxide is used as it causes a differential growth rate of semiconductor material on the
pattemed mask material 338. it should be understood that the mask material 338 may be
made of various other materials, for example, silicon nitride and other semiconductor
materials, that allow the selective growth of semiconductor material on the substrate 332

and the mask material 338.
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20 allowed to grow. The bottomup growth of the InGaN
sem conductor material can be carried out in various
types of chanbers or reactors which allow the

depasdstobsms of sem conductor materials, for e)ﬁ@mkﬁoo4ﬁ00274
met al - or gani c- chem cal - vapour - deposi ti on ( MOCVD)

chanber. 25 The substrate 332 is made of a materi al

such as galliumnitride (GaN), and the mask nateri al

338 is made of silicon dioxide (SiQ2) in the exanple

enbo dioxide is used as it causes a

di ff Hgé’lﬁ? %F%‘?’%&R% SrowtR off SemiRoREVRIRIc NBRO-RIEYGIRR| 3%h on the
substratp £32e ﬁ'hed:rymineImh'ﬁjbh&hct@'&fianoldlruamfw 35omiat are typically of

338
l%ﬁﬁ%ﬁé@%ﬁ#%er% *}Fdlﬁiﬁéiér F.Bli\g kngBIF. bngﬁe@gﬁrenﬁe?qqlbeéy grown
onniite siuhirate 332.Chw domatien B@Chavism dhihe, nanbatruckirk 860 Fscbased on
RIBIoAT HiigStica! ShMHR ﬁHﬂeﬁ@@sGQﬂQ%b@i %e( 'tﬁé \ﬁ%fécﬁxj%egromh of the

substrate 332 nd the mask materi al
SSEBEINGYERE DaBe-F ’S@?tﬁ%%‘bmﬂt‘e SUWW @3@ seRred Hath on the
pgitomteld rodsisraaietiolBRAC ther senammat:tbuﬁémaﬁ.c&% 390 dnliSorms on the

=
sﬁg?coset éﬁuﬁ gﬁg’&rate %%O&{t {%Hgn?e r% WV ﬁempg sk malerial 338.
TheGaldams dodiot hondl tarthe SiO.isarfatee I kimplasplentredgroemrate of the
Irﬂ!‘iaﬂ\l %éh%hdm{:ﬁiryna%—gff(ﬁbturgé‘ 350 onShRSLuratE o?’ﬁ?e ?}ﬁ)sattemed mask

‘13 n mechani sm of the nano-structures [

“'E?S@'E‘E épdsﬁe%f&&f%m m grat| on on the patterned substrate

332. Due to the selective growh of the sem conductor

nano 350 .0n .t he subs W t h

on ¢ AL SN T S @l PR rlyRe JRE R 414 etemed

magls m%@rlﬂhéaﬁmea‘emomdl ifmefcossapy (shomh in Figwe Tpdesmifie appications,
f t

o RpbroadvBry 3 (itEJE dBP(Sr EQHFJLSéfE) dt d'%tnrl] OPQ%OQ& é\taﬁ&g?\%:lures is

mask mat eri al at'ons

requpd 4o, Pﬁdﬁ%‘"dqaﬂy ffﬁP'éteé XEgp electrenie op opligal pennection, theeinsulating
i3k Infeteridl SBETRG REltSih Oh the BabskhleUSI2l ITRS ré’e'éﬁn?’ @ehi&Snductor nano-

S8 308 b L 5SS B e e o s 46 on
thea pattesnedu otask esaldbD 388 dbeixuid &d, ndidu that triaas-siesktures K various
sﬂﬁe@fcbﬁﬁ urtign f7 e%ndl@ 'ﬁQM@—goté fnaﬁS—Wié§ r Xa@%&%ég‘%e formed by
Uﬁﬂg gnﬁﬂeigroyﬂb@ndlgqnsa F@éﬁ@’hﬁ the squ@qndgcpton naso-structures 350 are to

b8 GRS a BaViek, BlohWitd e8P ldyard RaY bé %Fbvﬁrporp@ne semiconductor

ual insul ated fromelectronic or optical
"g%%%c?l oné%t he insulating mask material 338. may

remain on the substrate 332. The resulting

sem Fmp.%%nﬁ@ﬂa growth conditions, such as the temperature, growth pressure,
flow rate and growth duration, various semiconductdr nano-structures, such as nano-dots
and nano-doughnuts, can be achieved using the same nano-template pattemn.

A scanning electron microscope (SEM) image of an exemplary porous AAO
nano-template 860, with an array of nano-holes 864 patterned onto the nano-template
is shown in Figure 8. In this embodiment, a two-step anodisation process is used in the
fabrication of the AAO nano-template 860. Firstly, an approximately 1-pm aluminium (Al)
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structures 350 are arranged in an array according to

the pattern of the nano-holes 348 on the patterned

mask material 338. It should be noted that

WEP 3060350 ur es of various 20 shapes/ confi gur CT/EGE04/000274
for exanple, nano-dots, nano-w res, or nano-rings nay

be fornmed by wusing dlfferen9 gromﬁh condi ti ons.

Further, if the sem conductor nano-structures 350 are

to be incorporated into a device, then other cap

oY 3Bt 5,090l PN i, T i
wap Sebiegteshts, a Higt anagisation prosessdn QtaJMeJxalgmm to mogss diveeAl film in
tH‘el tey\lsd)%tp%nﬂﬂda:&r P8k bl ilifih RYer ¥ FehONsd. ?ﬁéﬂeﬁ%ﬁ\ﬁ@/ﬁ of the Al

ure uch as. nano-dots

fi IHhWSS X ucﬁ lgg tQ sﬁ@o%ﬁnwaomgmﬁ%sgt Whaerginqthe Al film was fully
anadisedt Afm:rltiaet secoad beddisatidn FOAEYS| the seh@mtwasrpumnrd 9409 PRPO, for

AL o0 a4 A Pogege s 4
Wpapb@imdhmm tyeratepaecsss resulig o a faislysindoum amayFofgendy paratiel
péres (for éi&hﬁ)l@ Wﬁﬁmes &54) W §$&Pac§|@99h %Pﬁb%rdﬁ%%@ fmplate

86840 ?'r-% F%H%‘e (é‘ﬁ‘ ab%"ﬂgiaﬁ #&3@09) 1V%'ﬁ+'%1|°£h%? nmo%}f\ﬁ(?ctg&ncww self-

caO6HER 5.5&3@3@#:&@36@%@'2 Mttterﬁné Ighﬁﬁ %Shlgﬂﬁﬁﬁﬂutbﬁ dithography
. epi el.ect.ron_beam

o8 ool TENCER. 2 Bl By s o s FE AR Sty oco.

The slatistical pize distihutina 1900 of thednaro- lmimEiS@;fblststhAl in fRigune 9N From

tl'iérkﬁaﬁl‘\) At %%@Weﬁ'tﬁé‘t th@%n& I?\%Res t{?ﬁ it didhd oGt qgﬁerally have

The remaining 2 f11 mwas

ed.
‘ h%'ﬁ 5’}8@&‘@& bFB"‘ferﬁ'é‘p@é‘t‘?@'ﬂﬂteb{rﬁ?@Fbtat1|08ﬂmpr ocess, wherein

the A fllmwasfuIIySanodlsed After the second
di b h [ W % .
ropoiops, 10 SEOR BT S dpagE IR e wlBrhil 23 Brvinegen etomic
fqrmamm@oue AN Himage fof irndiainmgaitivrh oltede 86@aN) hanowdsighnuts 1004
gl%bﬁlednvﬁeaﬂuﬂﬁtmtﬁgé Sutsia esgtﬁ'ﬂc? ErQ)‘f ﬁacvrrf}elﬁmgttﬁe 'A'ACf"?ano-templale

y uni form array near

8%9(a':rf§1‘f8 11 ﬁ'é""l’%ﬁcﬁ’ﬂ%‘! ééo%e&}heaﬁat'ﬂ@@'dsm Iﬁ‘@é‘?hﬁﬁoﬂﬁ of e nano-

dpahaus 09 Regiph ¥ ef thS@t?%ﬁmlnBﬁﬁe§ wité@stueal(cmﬁetémytﬁbuuon of
| OUs, O e

| u
e et DAt T P PRl g o
1Hifcshows the glatisticslodisttibudion |of tHeogterping diaraetedsenf uise daricadoughnuts
I o8 S Ot IREE R i 1
fﬁe they neuteiolings dametess othe mamrcgamsbmgs B are of
a;ﬁﬁt@xu@bw thd lsaine ks edsvmiz hbﬁﬁ héib€ dtanty b es, 8Rdwihg precise

fogBBl?o& nﬁalﬁg Pﬁg : QFB& %q%av"i:“he hlgtlsaeN d Ing r?cﬁét?urc?urgse t (\é%e nnano-
doughnuts 1004) may be grown, for example, using high purity ammonia,
trimethylgallium and trimethylindium in a MOCVD chamber at 750 °C. It was observed
that a growth duration of 3 minutes resulted in a nominated thickness of about 5
nanometers of growth of the InGaN nano-structures. The InGaN nano-doughnuts 1004
are formed due to the selective growth.
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15 Figure 10 shows an SEMimage 1000 with an inlet

1002 showi ng an atomc force mcroscope (AFM i nage

of indiumgalliumnitride (InGaN) nano-doughnuts 1004
gPOMI 783 gal | i um nitride substrate surface (REJYSG2004/000274
shown) using the AAO nano-tenplate 860. Figure 11

shows a graph 1100 of the stdfistical size

di stributions of the nano 20 doughnuts 1004. Region A

of the graph indicates the statistical dianeter

di strgcb h

: ';’] o rigoﬁsﬁt%ﬂ?tg eiaglgln (1 Fpe gnjf-sgnpcll ﬁ?e{rant? %6?50 8 semgicondugtor nano-
grugiyres can bepropvrRg fmoneths ﬁ@me B@noetzdttem by cordwlling mecgrowthe
EUAtiIEsNS” b GerficTIRIERF ShaBb-sinfiGurbd nleord&é%@“t lé! gﬂ;w Sing, the  growth

ure. 1 the graph in Frg
‘éf %H mﬁa@)namc—é&?%«?bé‘ gaff ke f°%B Pﬁi%m@watnem@@mtemplate as that for
tbe hano-daupignutt t00a1 Hiisis ¢howhia Rwrotzgloughnut s 1004 are of
25 approximately the sane size as the nano-hol es 864
in FIG 8, showing precise formation of the
nanoABrugh the: I8Galy mano-TeughnuteAdO4snwn st Figors d b eare (et @vered by a

cﬁa@ﬂ@yer dﬁé&g Blﬂﬂirﬁ)wl%'b Wol@ﬁnégcgﬁ\% Itfr%me%mllaﬁlre Ul Bibwn in

trineth
Podte 8 piele R s &icopleliyeyat it dickapseyisg @bout fow sanometers
tomw\eefdw Huhdreds ngrionivitdrs Gh thattbPregih of s&n‘nfﬂ:@ﬁtﬁﬁ:tdr esdtdamddue to

Sty NS S NG5S 8 et A o o o e

Wﬂ%ﬁghmﬂeya;toﬁw canentigrarenandestruttoreshen s e suifa®  of the
0

@ﬁ%&dﬁﬁ@n&@% 9\35&%%#%% ol é{ &Qggéé?? St ec@e? is very weak

i er escri

menti one

R5LaUsE QS gﬂﬁ@e e e dven avan g@m dmtopaegienmatibe @emtmductor

rhaterias.aifawvevar) o paiet ie S cdy {a‘]&%ft@af U{égdé[{i&ioﬁrlﬂé%hhen most of the
ﬁ]COh or O Siructur

GERG Aol In 8 BB, fa8ling"higtond Phstolmesgence. In the

Fﬁ%t‘-’t?@t ®obodiTeoy than Swmg‘ ehoebimirssognct hfforman®capped InGaN  nano-

d&:ﬁ@@mtse 0424 HRWRSa tstﬂ%g ff&%g&%h% @ flect gﬁ tﬁ‘% %F&%t&rgg %gamst the

rglls({?s shown in Figu
MRS uts 1004 shown in Figure 10 are not covered
by a cap layer, they still show strong

P ou e P SReE B oRineh e NPLomS ik, Piablos 9lyaduciis s desired
nehg-gtiuchissorf a suhistrblebly using @vranatepimidte that ishot oorﬂiiunbh t@the growth
of R¥nAPAREH R sNBRREREE éﬂmeir[lfs k(?n?ocfeeﬂmep&g gno $pecific compatibility

sem conduct or nat er | a exposu
reauireent. sych;as latticy rsmatele @nd sirajn, bgtw@@qrr thessubstrate apd ithe nano-

- strituré.op regi on of the

Further, the described embodiments can overcome the problem of incompatibility

‘between the material of the nano-structures to be grown and the nano-template material,

since the patterns on the nano-template are not used directly for the growth of the nano-
structures, but are instead transferred onto the mask material before the growth or
deposition of the material of the nano-struclures. It should be appreciated that nano-

- pattemns on the nano-template may be transferred to a second or third material which can
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sem conductor material. For conventi onal

nano-structures on the surface of the sem conductor

mat eri al, the photol um nescence of these

NAA3006{0R78Y ures is very weak because npst of POTSG2004/000274
el ectrons are driven away fromthe top region of the

sem conductor 15 material. Hdlever, if there is a cap

| ayer to bear the depletion |ayer, then nost of the

el ectrons can stay in the nano-structures, resulting

ac{r:%ssthé 91@:9[% R‘h{%?rgllfétqrgﬁlé gﬂ‘&n@f'ﬁrsrv‘}’?g@%%g(r:zsfpgm uncapped

I nGaN nano- doughnuts 1004 shows a strong | ocalisation

ff j
S leg'he 'g%sct,rﬁ@d AT Zi%}ﬁ:hwge a%g%ﬁ%% est &% tébu&&nﬂ'f: %chnology to

can over
CHPigBIed ﬁ‘én%FO*ﬁﬁ Bapaskgnafetnt Based gn t!reatmm@r pu«tar@rr@ﬂ@ms from
aanmb&trrp&it@ e ;béﬂeﬁ@d&nﬁéknﬁlaieﬁﬂnh AR dcbAbs laSmBSK for subsequent

tible to the 0 nanQ- structures

NSVAR oot Pt ocirSy Thateiup apiiaay iR b Sribodiments aiso
tahedhe adventegesmd MOV D epitaxialegiowth éxvhmdiogysaigrowddgH quiatity ceystals.

m smat ch and strain, between the substrate and the

nano-. 25 structure. Further, the descri bed enbodi ments
can GURPFBHEIUCIHEESIENN inAcsprdaneeowiiethe Besaribed embpdisents can be
ubétﬁfdﬂ&bﬁds?:}:lur;ﬂfse& heich B8 Tosthe YaKridhlsh Jf%\p—@m%rrBWHalaé]ﬁoelectromc

g ! egT‘FgmnEI ate material, since the patterns on the
apd uere OEZePRS- not used directly for the growth of

the nano 30 structures, but are instead transferred

ont OutvﬁPbé‘Eééﬂ teﬁ rtllr 'eriS R{gf { Er spngc emPodlm Uts of thﬁ {nvention

depositlon o Rano-<truct
hayo hegn b@esamﬁde@emredor I%ﬁ mlmes it Itllatrﬁtromnvaﬂws changes or

lﬁb@ﬂi@aﬁo‘ﬁgm\zztb@ B Wiholit gﬁ@ﬁt tﬁeosc:% & SR® S5t tﬁ&h&é?rtron
mat eri al ich can WD 20 6/0 5793 PCT SG20041000274

11 act as the mask material for growh of the
nanoFsit exantpls, eswill The amaaarebadataﬁmém Rivtboldivnts Biher type of

.a t wn. t.echnol o roduce.
SGLARARE sl 108 OB SN GRS i compoun
semm&d@tomrqﬂm@owawmnﬂmnuct@sa nanot -t enpl ate. The
patterned mask material in turn acts as a nask for

. Subsequent MOCVD growt h of nano-structures (bottom up

approach). The described enbodi nents al so take the
advant ages of MOCVD epitaxial growh technology to
grow high quality crystals. The nano-structures grown

~ in accordance with the descri bed enbodi nents can be



10 used for various purposes, such as for the
fabrication of |ow di nensional optoel ectronic and
.mcroelectronic devices. It will be appreciated that
while only a few specific enbodiments of the invention
have been descri bed herein for the purposes of
illustration, various changes or 15 nodifications nay
be made wi t hout departing frontthe scope and spirit of
the invention. For exanple, it il be apprecrated

t hatlaims:di f f er ent - enbodi ment-s ot her type of

sem conduct or materi al s may be used as the substrate,
such as nitride conpound seniconductors or other

conpound Teaihoddontabizbighang Ytrdctures oMb i g 1. Anethod
for fabricat tyres conpri.sing: provrdrng
substrate l11! or '?Sﬁ aﬁ’rs%?\'f r e grovéh pftbronase siustwes s ;

%r ovi di ng a PMefidirnnclepatatdly fabaded ﬁeﬁr eartaempaare%:mged ttano- -

predet er m NqAtSANR; A f O sel T-i.nduce
penonena; Provr drggérg&??%%g?édone’r 9f mask ‘materi al

bet ween t he #f
t he nan%ubsatteerns fromthe tenplate .to the |ayer of
wi ng the nano-structures on

mask 10 magg ﬂ g‘nd %5? o
t he subst rat e 1A &as AR HEUEs femothgHemplate to the layer of mask

10nano pdP¥t@iahand n the | ayer of mask materl aI by a

the pr

257 s, -
o 5. The method of fab"'caﬁﬂg nano-structures acoording to any one of the preceding

30

bottom up gﬁ@WnB tHe r%‘ﬁﬁ%ﬁuct&es %n[:]%e gEtﬁBatF ip *H?%ﬁ ‘f’FP‘iSEd through the

fabri c%tal(gém{%ano structures a
~wher ei Nt hE AR the eyergf mask material bine botonplegrewthiprocess.
transferred to the layer of mask material by etchl ng.

- 3,2.The ,Th@ﬁkﬂ%i &F&L%?Ré\ﬁ%n ct{rlr%ggceg%{rgg %grr?éh wheygin the nano-: i

accordr to- c

5 tenpl aP niheirmplate ard trtuasfdniod td tBY Rer@f mﬂﬁ@rhat@i?él By &tathing.

by dry or wet etching. 20 4. The.nethod of A

apric n no structures according to any one of
e, freagd of

etch!ng

20

‘_L N -The method of fabncatmg ‘nano-structures according to any one of the preceding
- claims, further- comprising mmovmg the template after transferring the nano-

. patterns from the template to the layer of mask material.

Eaglnie fayer of mablomatatiat betveaathé Rinplaand the

bncatmg nano-structures according to claim -2, wherein the ) )
patterns on the template are transferred to the layer of mask matenal by dry or wet

“claims, further comprising removing the tayer of mask material after the. growth of
the nano-structures is completed. '

The method of fabﬂcahﬂg nane-structures aocordmg to any one of the preceding
dlaiims, wherein the layer of mask material andfor the template material is chosen
| such that the nano-structures grow preferentially on the exposed substrate areas.

Amended Sheet
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clainms, further conprising renoving the tenplate after
transferring the nano- patterns fromthe tenplate to

the |
fabri

ayer of mask material. 25 5. The nmethod of .
cating nano-structures according to any one of

the preceding clains, further conprising renoving the
| ayer of mask material after the. growth of the

nano-

“fabri

structures is conpleted. 6. The nethod of
cati ng nano-structures acdsrding to any one of

t he zpr ecqdi ,g%g?éso cl ainms, -wherein the layer of mask

mat eri al

t hat.

exposed substrate areas. Amrende

PH{ericing narcesthstuessi asbordisg Lo ot ofIHE Freceding

{ heslsiamonstanit airosy@iais BIALEL RGO [he
ee ) !

7. g’he t hod ‘of fabricating nano-structures -according
t

o &ny ong "Bithades iqbriestiaginarg-stherings acmﬁget'b'?:nir% of clajms 1 to 6 |
hano- 8. hod ’
.of fabricating nano-struc

St deteitl e n&H R G P%p - doughnut s. he met
e u g'ge'%%fﬁg fng to any one of -

‘clains 1 to 6, 5. wherein the nano-structures

corpri sdhemethod of ﬁb&atihﬂ}%n%&mgeé)éccgﬁpﬁ 'éf gtigyirﬁr;n% Pf plaimg 1 't;) B,

nano-
wherei n t he nano-stru

St HGEHT ing to any one o
&%aﬂ&gﬁc@ﬁ#ggwmw-mano- wres, 10

10, - The net hod of fabricating nano-structures

. 0acd®r di Tie methedWf (EivgatRl nShel

wher ei n 't he

tmé'tule to 6. ] |
nano-styictuges conprise nano- (S5 Fgeording fomny ope phRRImefl to 6,

e

fabricating nang st reites FErpisaoamritigng t o any one of
. the preceding dainms, wherein the step.of growi ng the
.. natio- smhgqﬁéﬂ(ﬁsbfg;ﬂ%%ses nmet al -organi c- 15
e

pos It [FORERES gFeording to anp oneTofdhe preceding

. chem ca| : vapour - ‘
et hod -‘%‘f‘“.‘“’ﬁ Pietidba step efamaving theehbd-StRucARGLRbAGs Wital-organic-
B claim t&emiw@_a@undéphgﬁoﬂ(ﬁ@&@/ g%r- Wi ng the e

nano-structures conprises

taxial growth. 20

138 Th%!g'et tr!;od of fabricating nano-structures
- adéor dipymethod cffalgieating habdSniRhAS el HE: erejn . .
- ‘the subigrévah th.ﬁmgn*ﬁ&ﬁ:g%al i um ni i"?.g'a%g @Afﬁq:"h“\é}%fem the step

nmet hod of -fabricating

B MOENE et growy. t o any

one of the preceding clains, wherein the layer of

20 %k
14.
25 -
15.
. 16,

. The:‘melhod of fabricating nano

rfﬁ?emetﬁd»d _éfmf&éhﬁﬁ‘%a@cnsddaﬁ#elsa:}c%rdi% ’ioaaqy one of the preceding
claims, wherein the substrate comprises gallium nitride.
-structures aoéording'_to any one of the preceding

claims, wherein i ] ) ‘ ,
' wherein the layer _Of mask materia! comprises. an insulator or a.

semiconductor matetial,

- The method of fabricating nano-stiuctures according o claim 14, wherein the layer -

of mask material comprises silicon dioxide or silicon nitride.

The.mathod of fabricating nano-structures according to any oné of the preceding

30 i i '
30 _claims, wherein the template comprises anodic aluminium oxide.
1 7. - ) N . . - . N ‘ . i ‘
The method of fabricating hano-structures according to any one of the preceding'
Amehded Sheet
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4

sem conductor material. 25 . 15. The nethod of
fabricating' nano-structures according to claim 14,
wherein the layer of mask material conprises silicon
di oxide or silicon nitride. 16. The. nmethod of
fabricating nano-structures according to any one of
the preceding 30 clainms, wherein the tenplate

conpri ses anodic al uni ni um oxi de. 17- The nethod of
fabricating nano-structures acdérding to any one of
the prec | PEAI AU 14 cl ai s,

wher gl n t@ﬁlg@%ﬁéi%{ﬁ% &'aé qﬁ@' 1P S of the mano-structures comprises a
nano- st r AAEECtE amisriElses a  semi conduct or materi al .
18.. The nethod of fabricating nano-structures

accqul l?“g E?%h[' wherein the 5 material for the .
r owt h o Ao ' BrPalies Uteee-steustupesi sesrding db whairged, IvitkrBin the-

itride. matgia! for fhe gammw%%@ucﬁﬁés%wkﬁse&%% %hﬂrﬁ uhde

a substrate: and 10 nano-structures med on
surface of the substrate by a bottom UP growth

~ process, wherein the. growth surface is not nodified

10

f or19. atheo-smmstsang?gorn@,gp, structures; and
-wherein' the n g(%struc ures cgnprlse nano-rings or

- doughnut s. ®$#/% nano-structure assembly

accordi ng t man&aWum fofmudtdney gr&ﬂtﬂ%ﬁn‘fa%b '?:9(11@ lé[uﬁé?r%{e by a bottom-
.nano- st r uct ghes,

whhe. | | tiall '
- nano-'struct ur €s. vg@?% LA P‘BWLﬁ”@‘a%’s'%@ﬁb!"W'fed for lattice

2L 210 The nano.
20 ..

accor di ng tG‘aéﬁ‘h;O@ﬁ@a@?-Simcmressarﬁg or 20 vvher e| n the
20 - subst r avbereRNRY Rape St
Gkl UMb oS ool

nano- structure assenbly accor
19 to 21, wherein a |layer of mask material for the

15 haf- st?\?cnaup@truabmmm a&omwg%aﬁa% 19" ffther cqmprising further

seni condHstAlcRt 3. "The . nano-stru
assenbly accgrlﬁdi&r?g&}ngéngtf]%l" ZJ,’OWF%‘F‘HJGE% | ayer of

mask

-structure assembly aCCOrdmg {o any one of cla:ms 19 or 20, whenem the

substrate comprises gallittn nitride.
2?. The hano-struciure assembly accordmg to any one of claims 19 to 21, wherein a
- layer of mask material for the nano-structure comprises an insulator or a -
_ semiconductor materials. ' o -
25° o o
.23, The nano-structure assembly’ according to. claim 22 wherein the tayer of mask
material comprises smoon dioxide, or silicon nitride.,
2¢‘L _ The nano-structure assembly accordmg lo any one of claims 19 to 23, whereln a
30 - template for the nano-structure compnses anodlc aluminium oxide.
.26, _ The hano-steuciure assembly accordiﬁg to any one of claims 19 (o 24, wherein the
Amended Sheet
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material conprises silicon dioxide, or silicon -
nitride. 24. The Ina -no-structure assenbly accordi ng
to any one of clainms 19 to 23, wherein a 30 tenplate
for the nano-structure conprises anodic al um ni um

oxi de. 25. The nano-structure assenbly according to
any one of clains 19 to 24, wherein the Anmended Sheet
| PEA/AIl 15 material for the growh of the
nano-structures conprises a senrconductor material .

- 26. The man®: &Pﬂ#%&hﬁoﬁﬁéﬁgﬂgl%vgccor ding to claim 25,

wherein the material for ft WESCoBPrisen 8. Sem'm"ductormatenal :
nang-structures -conprises indiumgalliumnitride. 5

57 26 nemmn@stﬁmmmmn@%é&ﬁé‘&téﬂfrﬁis

_~substr atg?omﬁbﬁh n}aos(au n»E” si ng pr ovi crﬂ‘lﬁéeubthﬁdg%enal for the

10! REAV AU

15

bavi ng nano- patterns bold

‘é"’%ﬂiﬁ%&'i‘%@al[hmltgdmw ng
nano-rings or -doughnuts on areas of the substrate

exp@%edﬁdwmgﬂfdnh tern. 10 28. The net hod
Such PP afﬁEfnm Bles B inebsitentia aclbed swoming:
such t WAt fRgal ‘P’Mﬂj’@%aﬁerwg’mrwbﬂra&faﬁ ormed as-

a resul gouNg sehexigs\oe -gughuls _ :
conpAg- pﬁtew th the patterend n(gga r&;ﬂ%gﬁ,lé _geaéxgﬁ‘%egtthrough- the-

28, . |
The method as claimed in claim 2? wherem the mask |s selected such that the

nano-
nngs or ~doughnuts’ are formed as a result of selectlve growth on- the substrate -
compared with the patterend mask.
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