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NANOSTRUCTURES AND METHOD OF MAKI NG THE SAME Field The
present invention relates broadly to a nethod of
wo adsiozsErd3 ng nanostructures, and to a nano- st rRCL/SGE04/000274
assenbly. Background Low di nensi onal structures, such
as sem conductor quantum w fnes and dots, give rise to
new physi cal phenonena and technol ogy. These | ow
di mensi onal sem conduct or structures have been applied
to e.g. optoelectronic and el ectroni c devices
resul t NAGNOSITRURTURES AND METHHQID QR MAKING T HEESANES .
Exanpl es of such devices are quantum dot (QD) |aser
di odes (LDs) and single-electron transistors. To date,
Fieldwo approaches for the fabrication of seniconductor
nano-scal e dots are conmmonly adopted. The first
approach is the heteroepitaxial growth of nano-scal e
doffbe dpregent ynvemtian heefates genediystesta uoethod, oft dabremtingenano-
struB@ld0Bh iR ARBROREe BB, approach [ s the di rect
térning of nano-sca by l'ithographi c nmethods,
caIIed the top-down approach. In the bottom up
BacR ngqafh, the formati on of nano-scale dots is
[Tol l ed by Stranski-Krastanow (S-K) growh nDde
through sel f-organi zed processes in nost cases,

WeLés/acﬁméﬁsﬁﬁyisétﬁjlc{dréﬁtéueﬂ a@y l:brﬁjdtfégﬁ a?lmn? %%ﬁes and dots,

However random s atla |str|
givendsw-tocapw eby%cahsnmﬂow%@cané teshnolegs elThess dawi diseensional

semﬁBﬁ@tﬁﬁére&ru%mégohé% Pk ﬁr é)za‘ﬂe@qg ee\_’;e Je?&ﬁ oflc ?h& Mectronic

nano-sca ar eas,
deviggss fesylingdaiimpexyed duncw@nélay; of tthee dpwggs bExanm}es)pf such devices

are Mk&ﬁﬁb@@@)ﬁa%'o‘?ﬁe‘%%ééf  sihdlé- efee%g'n%ns.%ét rain

contr ol urthernore, 1n se £ or gani zed sem conduct or
guant um dots, coherent island formati on occurs during

theg gfa@afvttwooj p'r@atchbg $or”t’n§ RS A6 6N %@%h%ﬂaaétgr AandlstdI€ dots

t op- down aproac the direct patterning
are q:qmrﬁggly;ﬂgﬁg qde&'hﬁ@rqg@aproach is the heteroepltaX|aI growth of nano-scale

dots directly on a heterogeneous structure, termed the bottom-up approach; 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-Krastanow (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.
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provides a way for the fabrication of well-ordered

nano-scale dots artificially. The |ithography process
w@am602893 Sely control the size, density and PCT/SG2004/000274

di stribution of the patterned nano-scal e dots.

However, the spatial resolu®ion of the process is a

maj or factor defining the size and density of the

nano-scal e dots. In sone cases, the processing

techni ques, such as dry etching, cause additional

dafmthe top-dowan appread, thertizgeti pajteaiing bg finatliteognashy technology
proﬂfer%t%yggaﬁwléegﬁa %gﬂ?rghl brétio\%/@g’% tnﬁ%@onséarl]ee dhhggrt cnal|y The
lithogyaphemeroqess cias srtercwaiwneetrobt‘nebelzfaodaasityapnpainstebuuong:f the

Neliesd, P o]

patt%rggf zwgp]? cA& d]; éé xBTS e @?%@gﬁgarggélg mn f'thoe Bocess is a major
factqnainﬁnitlgsttwl mee@d @qstby ofLﬂae asogtscaladotsi Ini someooasde, thé\Adcessing

techﬁilﬂg%@ r@ggrgl)égmgtcﬁ nlga%dsfe' %doﬂlo&%oa%rﬁésdés{&gthhs 5¥stad mtegntiy of the

pattérned nege-stascteresaamk at lttaft lsamb tineeyplhat ighl west of thee mask can be
prohﬁ)?tlvfe organi zed formation of extrenely well-aligned
I'ndrical pores and the tuneability of the interpore
di stance and pore dianeter by sinple variation of the

gph?ect r ridfs £ rp%romﬁus‘fnjﬂlc@?estm %A%&F bx%)?{t%rﬂgﬁ caused

te sol ut'1on conposli tl
by wfenda@eﬁgohmnawlepa weertificial pattermingr D@at ¢xampdg of self-constructed
f e
rer Bty KRR i SRR, AR (ARG Bl o arnca
patteraing 4% b\gbée%qﬂﬂwprimsqgt@nhys%@ has ptimpleiedvareat intasesttasea nano-

strucft\ﬁg tEAPLRL %uéStod'tﬁ@féélfyor@ﬁﬁiéoe%r‘?r?‘atn@ﬁngf b Fel[PNeI-aligned

for materi al row

cylingei¢al IPoEseRNg| tbe dineabibity of Jagpipterrate gistance @nd priecii@peter by simple
vanaw.sto@rfhe dRB@SAtioh oaa?ametew &SukRh pasoterﬁdéﬁathr@m)oﬁéﬁ Qhd Yectrolyte

'ock the nano-hol es. a result, growh of
SO'UWRQS&'S?W s hi ndered Thi s probl em al so i npedes the
application of nano-tenpl ates fabricated by other
met hods for produci ng nano-structures. Summary |In one

as P&} templateare A9 Videbnisediiopins,leeation i nAberstryptures and
deviteP Rt frogh BRRASH ' HaleHBRS The AAO templates exhibit good chemical

resistance and physical stability. However, when the AAO template is directly applied as
nano-scale mask for material growth in a metal-organic-chemical-vapour-deposition
(MOCVD) system, depositions on the top of the template often block the nano-holes. As a
result, growth of the 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 template having predetermined nano-patterns; providing at least one layer of

mask material between the template and the substrate; transferring the nano-patterns
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conprising: providing a substrate for the growth of
t he nano-structures; providing a tenplate having
w@emdeteesn ned nano-pattens; providing at | easPCD8E2004/000274
| ayer of mask material between the tenplate and the
substrate; transferring the3nano-patternsfromthe
tenplate to the layer of mask material; and grow ng
the nano-structures on the substrate in areas exposed
t hrough the nano-patterns in the |layer of mask
fromnthé éemplhatebtp the bayiet ofrma}sk grawridn prdogrewing thbeano-structures on the
| ate Ry he .t r sfe

soo R FEPLERRREE o FIE A B R 10 BT BB oo o
bottdrﬁneptgemvrihar@:esay be transferred to itﬂe I?ygr oftmlzisﬁ
Tt Bhadanglt, & el FlayhE Ml MisTer 10" 1Bl 4t 8 mask
mategibit ey etchiagsf erri ng t he nano-patterns fromthe ]tterrplhaie
r .
28#6%1 Eg!é&?‘g%%% g%?éiatg%%[ r]ans-lrlejr“?rﬁcir?o {ﬂgqa)gé?%f G n?ehteéﬂrral by
dry ejching br wét at¢ttengrandry stohingt ures i s conpl eted. The Iayer

O TRESHetfiBd HdyurAROCShoR e d R IR {é‘?ﬁop‘?été UtteManBrring the

chosen's e “hak
nangpafesnseiiomdihé tengptate mathex:g@s eﬂmasibmtatearale areas. The

Nafs Jt H{a %urqll?éf &Jﬂ'%gé ‘T‘&n&ﬂﬁ%’tlﬁe téggp#lfﬁ‘raslirn%tenal after the

nano- s rse nan
grovwﬂanﬁhsmau@ﬁtnu@sremcmiphedse nano-wires. The

Napa Faé/[aruﬁit Mé%mﬁ?@ﬁa%’ﬁﬁ%ﬂ thE té}ﬁﬂgferrhgt%ﬁal rﬁgfbétcﬁgse%fsuch that
gr ow n e nano-structures nay
the nappaitrugiurgsrdrew prefeteotiallygodbe exmd§ub$ttﬁie arasVD)
gr structures may
o8 Hand R EE iy e Had RS Lt at oy
coil?i:ge haro-glaudtirgsrmaytcompese maro-delyer of mask materi al

B & RS- bRSetHBs bk WoRlpAte REndwidT conduct or material .

The nano-structures may comprise nano-rings.

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 an unmodified growth surface of
the substrate by a bottom-up growth process.

The nano-structure assembly may further comprise further nano-structures grown
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The |l ayer of mask material may conprise silicon
di oxide or silicon nitride. The tenplate may conpri se
w@owdozs7ed um ni um oxi de. The material for the BDICI000600274
the nano-structures may conprise a seni conduct or
material. The material for #he growth of the
nano-structures may conprise indiumgalliumnitride.
I n anot her aspect, the present invention provides a
nano-structure assenbly conprising a substrate; and
on theainalyt grawn naee-sfractimed. on an unnodi fi ed growt h surface

of 1 J h process. The

na-rgh?E?Eyu?t?%#@%gg%&%@ﬂ%ggﬁdju??%g%brrpri se further

nafbe samasstruntwss graywoopriséeanmdetsal |y grown

namQ; 1 5 1 es nmay conprise

e B e R e ™ o compr 56

nafbe danc stradieres ay-oomprise DarsTingsy conpri se

naffs hldiste HAC cHABASSIINRY HiRR, mBY. compri se

nano-ri ngs. substrate nmay conprise gallium

ni The deyerTofe Mmaskematsiiahmay gemprisealanningulatorper ge semiconductor
matdriaRul ator or a sem conductor naterials. The layer of

mask material may conprise silicon dioxide, or silicon

ni The eer aftteaskempletialenasagomsisprsilisen diawide coradiligan nitide.

OXirfig terfdiéte Ry Sednifrist Gholib S1AiA R, L e |

nano-structures may conprise a sem conductor material.

Th&hergtadgriahforiteg gromeh gf batnanefstrueiurasanay sempriseud semiganductor
matéraprise indiumgalliumnitride. Brief Description O

The Dr aw ng?

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

nitride.

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 embodiment 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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The invention will now be further described by way of
non-limting exanples, with reference to the
w@azowensass/i ng drawi ngs, in which:- Figure 1 i SPGI/SG2004/000274
schematic representation of the cross section of a
structure for fabricating asnano-tenplate on a
substrate in accordance with an enbodi nent of the
present invention; Figure 2 is a schenmatic
representation of the cross section of a structure for
fabricating a nano-tenplate on a substrate in
acs:_.ordagce with an the; odi ment Fof tg rese
i ny T 5r° 2 F QRN 80N OF NSTRERE L FlasEy s afft 'a’%&l"&PacS'remS ona
nan¢templatesis te@sfar@a tofa mask matdriat,e for fabricating
sem conduct or nano-structures in accordance with yet
anot her enbodi nent of the present invention.Figure 4
| sFuce 69s asads sectioh dfiee structateunFigureH, Giftee thd naid-mplate
ISrerrwnaon%jpatterns on a nano-tenplate is transferred to a
material; Figure 5 i's a cross section of the
structure in F| gure 4, after the nano- terrpl ate is

?éjG E Q%rrc?ssssécﬁﬁﬂ &rtﬂgsﬁﬁﬁ?&ré Véﬂﬁ%fgf Elﬁ]ﬁ o%d § C?\gllng the

growtarmtbsemraooﬂumtesnarm sttmtsnebmrtaeeubﬁragelre 7 1s a cross
section of the structure in Figure 6, showi ng the
sem conduct or nano-structures on the substrate after
t hEiguwess k7 nat ar crdissi seationp et dhe Fetguateres in sFigurec &nnshogving the

semfégﬁgfjggpngﬂo‘:gt?&ﬁ&%@ o%%ﬁé/bsyhﬁpaqg aﬁ%r ﬁ]fe%:gn o?étﬁ%eis removed.

I'n accordance w
present invention. Figure 9 is a graph show ng the
statistical size distribution of nano-holes derived
fromthe SEMin Figure 8. Figure 10 is an SEM i mage
anfigare &t sné schoniog alecirars oupesqoneMSEMRieags of mdponeus AAO

tem&é{e |hlé'a:&'d55&éj§nt§| é@%ooﬁ\ﬂ@ﬁ'mwbﬁ%ﬁt iAlednon a
[Tumnitrid

Figure 9 is a graph showing the statistical size distribution of nano-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 AAO template in Figure 8.

Figure 13 is a graph showing the photoluminescence spectrum of the InGaN

nano-doughnuts in Figure 10 at room temperature.
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surface using the AAO tenplate in Figure 8. Figure 11

is a graph showi ng the statistical size distribution
woboosloes7aanodoughnut s in Figure 10. Figure 12 PeI/aG208EM0274

i mge of InGaN nano-dots grown on the GaN surface

using the AAO tenplate in Fbgure 8. Figure 13 is a

graph show ng the phot ol um nescence spectrum of the

I nGaN nano- doughnuts in Figure 10 at room

tenperature. Detail ed Description Generally, the

descri bed enbodi nents provide integrated fabrication

process for produci ng ordered sem conduct or

nano-structures on a substrate. The integrated process
Detaited Deseription t r ansfer of nano-patterns froma

nano-tenplate to a mask-filmon the substrate and

grow h of the sem conductor nano-structures on the

paGeserady, thebdescaibed aumbiedimentst providalintepeatesh dabriation process

for ;Br%@%l%wq)?dtf?e& %Mi&tn%ugtﬁr n%ﬁ&%'frﬁétu%% &y abguqsgratémThebmtegrated

t can be directly on the m or
proceRe infdudesftoe trah%fepgfr payepaiernefrag asano-txnplate to a mask-film on

the '3 gﬁrﬁé‘té@‘l@%ms& tHd es??@é;’n@u%? RB-HRFSL pd tr#"?tatterned

ate is ref to as eing "on" anot
sub$trat¢rﬁuﬁ@cerray cover the entire filmor a portion of the
film A schematic representation of the cross section

of structure for fabricating a nano-tenplate on a

suBsghauld benungdersieadyihat whedd nemplatss is earred foFag eing "on”
another filfh, tiésh SQ‘%@&:WEBH thd Rfn S(Srré’rﬁv‘értﬁe Jﬂ]rrﬁ fSPfﬁér bl.ﬁ'?§$@0f being

substrate 112, a mask material 114 l ayer

usedhgp @ paneppattesnedhmask gt shawd algecbe Hﬂ@ﬁrﬁ@ﬁﬁlt%ﬂté’mﬁﬂ etergplate is
refe%é@td & Qélﬁ@%??@neﬁel? fien, subsy &We‘? thelentifd filh 9r & BYRiIbn OF the film.

he mask material 114 (mask filn) between the
substrate 112 and the Iayer of nano-tenplate materi al

114, séﬁeﬂ%fflbrrﬁgrd%@ﬁltaﬁbﬁ‘ dfshé %bddscgéc@iencafrs%k{we 98r tdMicating a
| ayer of nano-tenplate material 116 to form a

nangrigiaRlaten) asEbetRie i ABVIXaMRIPGRPAIMeN i shayn in Figure 1. In this
embBbin®rathk \s&ueiliR® 41 0RBinprided3RObEPATE 1130 ea AdbkWhitrial 114 and a

layer of nano-template material 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 (AAO) may be used as



10

15

20

25

30

desired pattern is fabricated separately and then
attached to the mask film 214, as shown in Figure 2.
wa bwe025088 section of a structure 300 for fabrPCESGIV94/000274
sem conduct or nanostructures in accordance wth
anot her enbodi nent of the pfesent invention is shown
in Figure 3. The structure 300 conprises a substrate
332, a nask material 336 on the substrate 332 and a
nano-tenpl ate 340 on the mask material 336. The
the menvetetrpigié 80. BAnarod- patwnaomném-tw’rmatem%aw fafexample,

340 to th k
ve 7 BRRICH GaRnER ot T B BER b con” e, pb G HRRS 540 are
trangfrirele tq k0o theyndsk nsedab33tey etohongt Mlaembﬁdﬁmentheductively

7 0 0
coudg%f]ag;rlﬁgﬁat @?P&né}%lﬁr |Q%E8cri] éﬁgpé{?%fe?stﬁé 4'1#.%%{6%3 from the nano-
templated340o ttesrmask n’(ahmai 2A6- It ehqlidibe uBdérstoe thatoan séniaty etletching
0 k Ly 3 hj [

techhﬁgggecah teé rﬁ%o u%t tocgf:rﬁé\éeg l% zmgng)lbggér(é tr?%senl ggt%xﬁgnple, wet
etching uwmjcnemmcalanbtbets arivedry @tchingausiegronfreaotiot he

nanot enpl ate 340 to the nask material 336. It should

be understood that a variety of etching techni ques can

be Padiops ofl theonashinatezial A36 thah erepditactly mnderths franp-hotas 344 are
etchgg%hV\EII)I/eTh*Q’%sﬁ{sCmI tHe t %fég of g?érbgﬁ% ggf&%r\‘n?w&n ﬂ"ﬂekngrq(y -template

usi n 1 on rea 1 on.
340 tnath@rmask ma@nah&% ahe adesulc thenanedeatterhgeom frrondng-tesplate 340

are ‘%ééie@‘f%tﬁ&‘?ﬁb%@ rﬁ‘éﬂ@%’al 3'5@ s results in the transfer of
t

e nano-patterns fromthe nano-tenplate 340 to the
mask material 336. As a result, the nano- patterns on

the NapgriSmhalie AAeal ca3Eophaty bR LHEyMBPKnanonoles 348

6. A patterned nas ng an
corregpoagingftothg daneiheles 3@ epthecranenignpdate 340his shown in Figure 4.

Aftepﬁﬁ%d?ﬁldfﬁa?tA ?ﬁlfraﬁé‘fef; RRe RBRQ1ERIRIAS S %Argmo'véd ﬁg}fb\()@h Figure 5)

ure he nano-pattern trans
f it franeL Deseisdalos fareri ropassingediies Hswnanerterriate €349) isi femaved, a
semic@ndlﬁornﬁﬁféﬁgl g@c{h byribdign @Jlﬁmﬁsrﬁth@& (1 gtl\ﬁrlstcfé%osned o?to the

nano-tenpl ate 340 is renpved, a sem conductor nateri
subsirgten 3a%nﬁr@ugfmﬁhgalanpumiqsu 348 qe the natkgnedsmasl sRaterial 338, and
aIIov&H?dt £ bRAY. StHes bstntug Ifolii BUGR H@B%l\ﬂ%@fﬂlcﬁ%&?or%\gteﬁﬁl can be

the patterned nask rgm erial 338,
carried out in various types of chambers or reactors which allow the deposition of

semiconductor materials, for example, a metal-organic-chemical-vapour-deposition
(MOCVD) chamber.

The substrate 332 is made of a material such as gallium nitride (GaN), and the
mask material 338 is made of silicon dioxide (SiO;) in the example embodiment. Silicon
dioxide is used as it causes a differential growth rate of semiconductor material on the
patterned 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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all onwed to grow. The bottomup growth of the InGaN
sem conductor material can be carried out in various

W ypes25093 chanbers or reactors which all ow t hePCT/SG2004/000274
deposition of sem conductor materials, for exanple, a
met al - or gani c- cheni cal - vapo#ér - deposi ti on ( MOCVD)
chanber. The substrate 332 is nmade of a material such
as galliumnitride (GaN), and the nask material 338 is
made of silicon dioxide (SiQ2) in the exanple
enbigdrenénsho®s |the agrowttodf deernisondustiorasane-stractsieas 350 on the

subétit]afté %%Qnﬁ'hélcry@ié?méq%éarﬁlgﬁd{{ctozgg'ﬁ Uﬁﬁ&ﬁr agﬁtﬂ%’t'a% t%]cally of

att erned
less mmjei@ﬁ APmetens in demeaiekintke example qumyern@rmdect@fely grown

on tgﬁ éheéﬁ%té)t&@f rTH@ﬁoﬁﬁét%lnsme&ﬁhsﬁ?(?I’mla anﬁ'sltl}Jthfésn?]éeor k3ased on

ot her sem con ctor materi a
adatgeal migratice QJy 8t patisineskstibstialeudizor Divist ter thal setgctivéagrowth of the

sem?déhﬁhét@l‘ %a%%%tﬂf&%r&? cfma%K {FRt Shp A atd3HoF ICQH\?EI’&% WV\@n the

sem con tor nano-structures
patt%rﬂsdtm%&kematsmal ¥9@ tbe pemidonfveosraniocsivgturesBs0 only forms on the

surfafb%”& thd SHSdtME 33 tﬁé\adn RESurPs 6RtHpaREreaSH élbﬁa%tena 338.
B 6 talbdtbrldthabita

nanoneters I n dianmeter 1 nt exa

The zﬁaé'nsﬁéPf@éthmt popd daiheoRiCr iserfagepdn fhig exasme tﬂfﬁ @rown rate of the
|nGafNJ "sgﬁkbﬁdihdi@rcmts?tﬂbﬁﬁest 550 %ﬁ”meséJrﬂAEé \&F GRe 8335’% tpétterned mask

based on adatom m gration on the patterned rate
matesiab3380p 8edlZefhe sel ective growth of the semi conductor

nano-structures 350 on the substrate 332 conpared w th

on the patterned mask nmaterial 338, the sem conductor

nafiiersgreyt ofrthe S%'B@OBG’HGWfr@P%“BﬁU'ieﬁ 58 iy Ferppleted, thegpatterned
masR Hi#driaf858 S rimdel |f%cé§£%ry90téh$\ﬁﬁﬁ1 ﬁéuﬁef’f)‘ Iﬁ%hféré'b%ﬂcatlons

mask material 338. The G/ln do not bond to

eg. ‘1¥h€§2 ey Yitdi-e.|andatier @ deyahitetchah dheggesipendyeter mnc’cﬁ@ctures is

requlrék%\lbéaﬁa.ﬁemy%anat@@%nsbremm ?F ogﬁ&l @BnihdtBos UhE 3k&ulating
e SIO2 patterned mask material_ 338 is near zero.

mash AT, SR IETEIROR T SORHEL SR TaRGsunacamieadygr nano-

strudttﬁ'e§ 85D bRS Seangelén aﬁltatrraf1 REsbraRg ko ﬂ%trﬁhbﬁi ofaﬁg nﬁﬁ@ha@s 348 on
noved i f necessa&&h own in Fi qure
e

the gmrnqgamaéhgnatgnﬂ teslg:{pgjr >pe gd (thateharg q%uptugﬁs gf various
shapéeidghftutatioRs, Gor eXample nSedTHELS A6 Inires 'R MANSHhGE by BE fdrfhed by

using different growth conditions. Further, if the semiconductor nano-structures 350 are to
be incorporated into a device, then other cap layers may be grown on the semiconductor

hano-structures 350.

Further, by controlling growth conditions, such as the temperature, growth pressure,
flow rate and growth duration, various semiconductor nano-structures, such as nano-dots

and nano-doughnuts, can be achieved using the same nano-template pattern.

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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required to be individually insulated fromelectronic
or optical connection, the insulating mask nateri al
W@3Bo/0zEy3 remai n on the substrate 332. The resPUT/8GH04/000274
sem conduct or nanostructures 350 are arranged in an
array according to the patteérn of the nano-hol es 348
on the patterned mask material 338. It should be noted
t hat nano-structures of various shapes/configurations,
for exanple, nano-dots, nano-w res, or nano-rings nay
film Wwas depasied bytoubda 1B Ndepibgerch elgetoomt beam)avhndraiim Then the Al film
was g%gj%)ée}gé F]oc é { w%:ég]{) ggﬁoqf&ggé: égb iogbgﬂlo E lég%iﬁé r%%géj gg t Ki film in
the tbpgeYopamign, bled dhenhe auntiha Ias/eniscémdvm dihe remaining 20% of the Al
- t r . N .
rim 990 fieFi QB g oot lioandh pfeRB5< Ruler A 4 AL was ruly
anodidedwAftert the aecbngranadisatien process, thessainpls wee putcioteduet’e HiPO, for
C N : E :
75 084 3 5] a0 a0 08 TR SR AP oo 1
was Absmmmthngtrm worstep pmccss)mub@in(asair]y unifege aofay af nearly parallel
Ml
pore€ 16FBiBhils PG Ao ABITE 1AP PR A ARDorthd Bofdls P mpiate
860 dh dven substicitey (ned @ownnmt higuree Bh odariawat other mathogisemcluding self-
e 0 [ | t.
consﬂ%g% Z‘%@b?ée}nrrgliég{seérg% 'Sﬁlfl'e_;ﬁfg?litegl}?ﬁwgestfcﬁb{soﬁlpﬁ r%(g)lll@[)ri_h'frl]ﬁ%graphy
can bg ypechtoufab(izty fi parpusagante tergplaied suelht as theeASQNanpitermplete 860.
. T . ilr
o B LANIESBNSY 0057 ercTHaG: HBG bl ¥R o. From
the e it isnebeerved haidhe @anadolgs §64 i this embodipieng@enerally have
hole R Adeh b Rato R IS renmoved. The
Oererra?t%l%n%é @% %?Erohgﬁa&@iyﬁﬁnm v(\)/as trwnen subj ected to the
second anodi sati on process, wherein the A filmwas

f UIE ereaﬁ‘Q(gh%ﬁ/g arf\SERA |rﬁ£’§e 39@@%@&\9%@@‘1 0(5’.3_” sﬁé@ﬁ@sasn atomic

t he sanp was put into m nut eS at

forcg W%@?ﬁéﬁﬁWﬂf@a%%wpwaﬂt'W@ 'WBF*@ (lﬂ‘iGéi'?Bt”@f‘Q detighmigs 1004

growhediPa Baligm rﬁﬁl‘he s'utbst’t‘@t% s@%@é YRSl SBB@F\) L&ih§ tﬂé"@Aé)tr?a(ho -template
process results in a fairl unittTormarra near

360 DEOUIE 8 SPoESs OraRh 4Bl the Pleusth oz isibetne el e nano-

doudiPts AstE ReQbrPA dfhife @%&Uﬁldtﬁé@sttﬁ@'@{a%tﬁzas@Qn{e@értcﬂﬂnbutlon of

substrate (not shown in arious othe

innerqle, diggnetenef| tﬂﬁlnﬁﬁo‘@@WWﬁsﬂQ%@é@“ﬂéﬁb Q@nﬁ?gﬁ’ﬂe% ohie graph
110B$RdwWs! ik tatiRBEdl Rfishitigios W fheasutbi-iHiYyr diametdds bPthe nano-doughnuts

1004I Ilglgu?'grmo E’)ompanng the graph in Figure 9 with the graph in Figure 11, it is
observed that the outer-ring diameters of the nano-doughnuts 1004 are of
approximately the same size as the nano-holes 864 in FIG. 8, showing precise
formation of the nano-doughnuts 1004. The InGaN nano-structures (e.g. nano-
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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can be used to fabricate a porous nano- tenplate, such

as the AAO nano-tenplate 860. The statistical size
wale@to2doed i on 900 of the nano-holes 864 i s sShorem/s8G2004/000274

Figure 9. Fromthe graph, it is observed that the

nano- hol es 864 in this enboth nent generally have hol e

di aneters between approxi mately 60nmto 100nm Figure

10 shows an SEMinmage 1000 with an inlet 1002 show ng

an atom c force mcroscope (AFM image of indium

gahkirentioned ieddie( lim (ﬂwl)desraiptjerd odifférantt typdd @4 sgmivendodtora nano-

st TR LR B L5419 bR

condltivp® aff semmMLm;tqrsmarxoadtrusiuz&s oﬁostexalmpﬂe olmys umcfreadmg the growth

r S
o ABHT KD 3000 R BErft FoB vapflE  wat or
the rginardetignutd 1Q04e Thiarsoshdoogh Riguse 1004 (Fi gure 10), and
region B of the graph 1100 shows the statistical
di stribution of the outer-ring dianeters of the

naAthalgh deninCaNIend-dopghyutse OIIZ})shoﬁZo irpBigimed! Ot e mptapvered by a
cap g{}lgg:te%gttllﬁgﬁﬁﬁvi Eg&@tﬁ P%t@ﬂﬂnﬁ&ag t ro?:ﬂn }eniqqerac’(ure as shown in

ers (0]
Figureahd-Tyoicgihn these 'Lscn)demet@ndayeamnh cﬂxcmsefrymtdbeulsafaw sarKgEeters

to a?éut tah@wr]*i'ilj'ﬂﬁ?ela? n%ﬁor‘ﬁgéré i tﬁ%e1 %l.Pt fgirq\@eﬁfﬁcoﬂpsar's\ﬁatenals due to

mati on O nano-dou
expasareptosair. w@taureéglt (Itelsg/ennélff@ulb fagletactrong BOstay inatheldep region of the

sem?:?ﬁ(‘ﬂ%t ;%atﬁfﬂ"mo?’%é&.bﬁt%ngl]yl | ngalrr’uEMre%mg?\N%/ surface of the

L I um an trumt umilin a
semishadister materigo tCphotolumireseraer ok thesd aang-stfueiwrels is very weak

becéjﬁ Q‘{l 3¢ ﬁ'fe HFedBoRY ‘?ec‘dﬁ\?e?ﬁué\kéyfrérﬂ tﬁeg Fbg)"f'eﬁl%hetg the > semiconductor

ness of about 5 nanonet
matefigh dHewevgstilithese isTAcaprayan tadiegr theudenietion lape4 ttmnemost of the

elecfr@r\'s”% dye lﬁ ‘Pné §§nos§h§:%réé/ Q'eglﬁlwg A ﬁﬁ)n &Lﬂfﬂescence In the

earlier In escri ption
presgetme@mmtm%r thmrﬁi@n@uemmlé@lr@éﬁew ﬁpeuuméapﬁe\dortm@m nano-

doug?ﬁ‘iﬂ?s RGO SRS 8MBirdRY RRAIRAA IeREctt lHethgrrﬂ)é%rbtr‘&%Eést L§ARst the

sem conduct or nano-structures. For exanple
SU”@Q@&%%P"I‘\g the growth duration, InGaN nano-dots 1204
can be forned using the sanme nano-tenplate as that for

t he. nano- doughnuts 1004. This is shown in Figure 12.
The described”embodiments can overcome the problems of producing a desired

nano-structure on a substrate by using a nano-template that is not compatible to the growth
of the nano-structures. Unlike the growth in the S-K mode, there is no specific compatibility
requirement, such as lattice mismatch and strain, between the substrate and the nano-

structure.

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 ére instead transferred onto the mask material before the growth or
deposition of the material of the nano-structures. It should be appreciated that nano-

patterns on the nano-template may be transferred to a second or third material which can
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Al t hough the I nGaN nano-doughnuts 1004 shown in Figure
10 are not covered by a cap |ayer, they still show
wa@ teoengs7phot ol um nescence at room t enper at ur e, PEESCHOWNN0274
in Figure 13. Typically, there is a depletion |ayer
with thickness from about alf ew nanoneters to about a
few hundreds nanoneters in the top region of
sem conductor materials due to exposure to air. As a
result, it is very difficult for electrons to stay in
act asltee tnapk matgriahfoofromitie otbenaonmdinadtoes.mat eri al . For
conventional nano-structures on the surface of the
sem conductor material, the photol um nescence of these
naifibe siescribiedr @rsbodimerts yhave atke eelvantagesmob b top-dotve technology to
e Y t t 0 h
prodgéemggg%r%gahgﬁé%o%% t|ne$ &ﬁ%%%@é&rselaleop tﬁ% trgﬁsqer (9‘ ng é ﬁerns from
a nanatremplate. bEeer patternelt plaski roatetiayie rturnt acs asnmmask ﬁ)heubsequent
MOCG\}[?QFOW& rﬁ:an s%#lu@t\ﬁrésgb&jib“?n Uagﬁﬁl%%ﬂﬁqﬁg gg@cptgeedsépnged?r%ents also
am nescenc presen
take mmaﬂj/anhges oft M@ C¥Drapitaxial igoavah tevhnalegyein@eow highqualtynppstdls.
I nGaN nanodoughnuts 1004 shows a strong | ocalisation
effect in the nano-structures agai nst the surface
dephenanmstritheres ggmm ibedceboe wighthe desarittedeeroiordiments can be
d i ; . .
useoofoﬂ) t?/%%q%e&%g@ uegf %G&H;g% z?{gﬁé fétngfég{ﬂég{‘ ?fhlgg\fqi@teﬁ%ﬁné? rbp?oelectronlc
and mm%letttmn@decquehe growt h of the nano-structures.
Unli ke the growh in the S-K node, there is no

speci fic conpatibility requirenent, such as lattice _
m Brvell b6 aan@czamchthat te melra temesnaelistanahaginens ohéne invention

havd 2Rt Hé‘é‘crriﬁéc?' tﬂﬁr he E)% %égr%fbﬁl ﬁ&%ﬂd'\mﬁ%sc' &Aiges or

overcone t em o npat i et ween t he
modiiigatians aaydie mﬁ@e wﬁh@tgtep@mmfr@@ the smeg&r@mwaﬁathen@/entlon-

nano-tenplate material, since the patterns on the

nano-tenpl ate are not used directly for the growth of

t hEomaxaimple.ué twit &g, anpieciaied thaisip edi fﬁﬁtaﬁ@b‘éfﬂlmédtso@ﬁher type of
semfcbﬁdd&ﬁkmmlﬁfs' F‘Ha% bed QlsBd e 1 QUb&rE, Sfposst r'anlﬁe Ofompound

the materi al e nano-structures. It should be
Sem'&ﬁ’fb‘?l’é%qfﬁ%@ﬁh%%ﬁmﬁ%ﬁéﬁ&W@Pﬁ%Ct@fﬁ the nano-tenpl ate may

be transferred to a second or third material which

canact as the mask material for growh of the

nano-structures. The descri bed enbodi nents have the

advant ages of a top-down technol ogy to



10

15

20

25

30

produce ordered nano-holes in a mask material based on
the transfer of nano-patterns froma nanot-tenpl ate.

wa bwepzrder ned mask material in turn acts as aPaES&2000000274

subsequent MOCVD growt h of nano-structures (bottom up
approach). The descri bed enbbdi nents al so take the
advant ages of MOCVD epitaxial gromh technology to
grow high quality crystals. The nano-structures grown
in accordance with the described enbodi nents can be

Claimsed for various purposes, such as for the fabrication

of | ow di nensi onal optoel ectronic and m croel ectronic
devices. It will be appreciated that while only a few

s pédhéthed éarifalaticeting sanofstiugturéscasmprising: have been

describ I on,

vari ous &1 gq:sg%grS%tetdﬂaFtheg{rmeﬁﬂ%f E{S”O éﬁjg{eﬁvé t hout
depar t i pEpvidingna temeplate hp@naptedefsirminedatantipattenmsent i on.

For exa i r t
embod o g ft s b ByBPRT R ThEEN MRhwech b ki an he
besuksddteas t he substrate, such as nitride conmpound

sem con r 0

e con gﬁ%fgr';r@ eoﬁen'r% pa?tgﬁﬁ ngtaﬂoghef template to_the. layer of mask
namatesiah @edur es conprl sing: providing a substrate for

. the gro r\‘r}f th%ht%negggctﬁf;ers%tt% %ﬁbstparté)}ﬂ Q’bgge%)osed C[wough the

t enpl at term ned nano-patterns
at narécae@ttetm%lnlt epef meskmatgtialibiya balenyeie arowife process.
tenpl ate and the substrate; transferring the
nano-patterns fromthe tenplate to the IaP/er of mask
mafl B¢ MethoddRtifagrieating @at\ﬁetrh@w@sepmrém @ slaism 1¢ Wigerein the nano-

Supstidrad Bn tHe BB 5?&9%?&&9 O W a{dror RRALR n%?érta%\ﬂétching.

in the layer of mask material by a bottom up growt
process. 2. The nethod for fabricating nano-structures

acgRE thaiod (bet’th(EBtrilag Nﬂ?‘%[sf?r‘uﬁttﬁ'&e aB@(ﬂf@rﬁ?t t‘beEIBﬁt an v@ﬁlﬁern the
tenplate are transferred the |ayer of mask materi al
by Pe{{&/h$ Ag the template are transferred to the Iayer of mask material by dry or wet

etching.

The method of fabricating nano-structures according to any one of the preceding
claims, further comprising removing the template after transferring the nano-

patterns from the template to the layer of mask material.

The method of fabricating nano-structures according to any one of the preceding
claims, further comprising removing the layer of mask material after the growth of

the nano-structures is completed.
The method of fabricating nano-structures according to any one of the preceding
claims, wherein the layer of mask material and/or the template material is chosen

such that the nano-structures grow preferentially on the exposed substrate areas.

The method of fabricating nano-structures according to any one of the preceding
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3. The nmethod of fabricating nano-structures according
to claim2, wherein the patterns on the tenplate are

wo eaneisgsy ed to the |ayer of mask material by BEHSG1004/000274

10.

11.

12.

13.

14,

15.

16.

17.

wet etching. 4. The nethod of fabricating
nano-structures according t5 any one of the preceding
clains, further conprising renoving the tenplate after
transferring the nanopatterns fromthe tenplate to the
| ayer of mask material. 5. The method of fabricating
naﬁ'@”‘&st whetain the ’E@@tﬁ“&PWbest(‘@”&}We HABO-gpughieitsyr ecedi ng
clains, further conprising renoving the | ayer of nask

material after the growt h of the nano-structures is
coPe 8tedhpd ef falticating mAperskuctprgs aceadinggto any one of claims 1 to 6,

naWﬁe@Hﬂnemhs%tra&g%%n@ns@nmd&@e of the preceding
clains, wherein the |layer of mask material and/or the

tenpl ate material is chosen such that the

namgRe $idihisd o fBBricHtAY nAh&sB&Dtes Ackcyrdiiy tohimy RS «Ghims 1 to 6,
substrate areas, 7. The nethod of fabricating

nalBersin e MapeSiryctiss FORBBa N WERR of t he

pr ecedi ngcl ai ns, mhereln t he nano-structures conprise
naﬂo dou hnuts., 8. The nethod of fabricating

Be &t LR‘,q %frfég“%?é'ﬁ%P&Pﬂ@"&‘%ﬁ“r&ﬁfcﬁ?l@'r&tocﬁ“é{l‘?Pé’ of qlaimg 1 to 6,

whhérerh the faneReustlified CompfSe AANPAngse nano-dots. 9. The
nmet hod of fabricating nano-structures according to any

one of clains 1 to 6, wherein the nano-structures
comms nfghdtpoicfabli¢ating ndAo- sbeauﬂéetdwdrdﬂfg toadmyl ghat d)frtﬂe precedmg

0- struct ur ccordin one of clains
R, Wit B, 265 Bl gtciiha e iRbprabachiasciamnges mgfarorganic-
Thmmtﬂ%paﬁr-d@aémaﬂwogmgmhr uctures according to
any one of the preceding clainms, wherein the step of
grow ng the nano-structures conprises
meThe metrgainifdabrizatinphano/stnetures agasdihg enclaOCY Wherein the step

0 518 i o e TR ShmbEE VBRI G 5
nano- structures conprises MOCVD epitaxial gr ovvt h.
The method of fabricating nano-structures according to any one of the preceding
claims, wherein the substrate comprises gallium nitride.
The method of fabricating nano-structures according to any one of the preceding
claims, wherein the layer of mask material comprises an insulator or a

semiconductor material.

The method of fabricating nano-structures according to claim 14, wherein the layer

of mask material comprises silicon dioxide or silicon nitride.

The method of fabricating nano-structures according to any one of the preceding

claims, wherein the template comprises anodic aluminium oxide.

The method of fabricating nano-structures according to any one of the preceding

claims, wherein the material for the growth of the nano-structures comprises a
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13. The nmethod of fabricating nano-structures
according to any one of the preceding clains, wherein

WO beweoedrst rat e conprises galliumnitride. 14. AEESG2004/000274

18.

19.

20.

21.

22.

23.

24

25.

26.

met hod of fabricating nano-structures according to any

one of the preceding cl ai msl4 wherein the | ayer of mask
materi al conprises an insulator or a sem conductor
material. 15. The nethod of fabricating

nano-structures according to claim 14, wherein the

| agemicenduetosimaieniads i al conprises silicon dioxide or
silicon nitride. 16. The nethod of fabricating
nano-structures according to any one of the preceding

cl Eh%"etm%rcélfﬁb't'fF?é'ngé?ﬁﬂoaﬁt@cisi&ﬁplap%éman@dplélmm wherein the
al HakMabidy e dwthlcf the, H&&ﬁ“&ﬂﬂe@éorﬁﬁ’r@éb GRfidrRYallium nitride.
nano- structures according to any one of the preceding
claims, wherein the material for the growth of the
nano-structures conpri ses asem conductor material. 18.

The net hod of fabricating nano-structures according to

cl AingneAtrugikee 3SSRMPHCOMRTEINGal for the growth of the

nano- st UGhdtfRs apanpri ses indiumgalliumnitride. 109.

A nano-structure assenmbly conprisin a substrate; and
nano- st Pﬂ&ﬁf%“rﬁ%fmddw alh UUWRB'&P?@W@@&WP‘PP slifhesgubstrate

of the pyph%bitehiproRthiRbédydt up growt h process. 20.
The nano-structure assenbly according to claim 19,

further conprising further nano-structures grown on

t hehé Mahbatrlidtu a¥denithy Aresdrtiia tt@r 68im 391furthef comprising further
nano- structure assenbly accor g to clains 19 or 20,

WwhBaRA-sir %%e%sm&%@m@ Y&B‘ﬁ‘b’} “$EdsBrdughnut s.
22. The nano-structure assenbly according to claims 19
20, wherei.n the nanostructures conprise_nan

or
23Thernanarsiuctute: aRsembly 36<ding yio £98 dihgr 26 E’Bﬁ'iel*ﬁs thggnano-
or st2ihturek ebrapiisd MMoRRIURRAGECt Ur es

The nano-structure assembly according to claims 19 or 20, wherein the nano-

structures comprise nano-dots.

The nano-structure assembly according to claims 19 or 20, wherein the nano-

structures comprise nano-wires.

The nano-structure assembly according to claims 19 or 20, wherein the nano-

structures comprise nano-rings.

The nano-structure assembly according to any one of claims 19 to 24, wherein the

substrate comprises gallium nitride.

The nano-structure assembly according to any one of claims 19 to 25, wherein the

layer of mask material comprises an insulator or a semiconductor materials.



10

15

conpri se nano-wires. 24. The nano-structure assenbly
according to clains 19 or 20, wherein the

WO2a006923798t Ur es conpri se nano-rings. 25. The PCT/SG2004/000274

27.

28.

29.

30.

nano-structure assenbly according to any one of clains
19 to 24, wherein the substtate conprises gallium
nitride. 26. The nano-structure assenbly according to
any one of clainms 19 to 25, wherein the [ayer of nask
mat eri al conprises an insulator or a sem conductor
maﬂ'b‘i% inahe-srycturehassemily sccondingite clip edfhlwheseio dhelilaygr tob mask
[ graterial conprises
C! AP BREE e Bl Bk ol T2l o
nano structure assenbly accordlng to any one of clains
19Tﬁé’n3|¥o st 'a@g%rﬂﬁl*ta@%}hiﬂg? ”Bﬁé SESaifiRC & 27, wherein the
al um nium OXI he nan str cture assenbly
acteoiata gomorisgpanedis almiplum wgde.9 to 28, wherei n t he
material for the growth of the nano-structures
conprises a sem conductor material. 30. The
nahbe sanqstruptiere assembly pcerrdiog de aay ere el elaims2i®, todde wberein the
t h@habEaPlok fHe oﬂrQ\K/thtJf fnePhdhi é’lrl.fefurég‘@onﬁ‘ﬂ%%s $tdelfildHaGStor material.

conprises tndiumgalliumnitrid

The nano-structure assembly according to claim 29, wherein the material for the

growth of the nano-structures comprises indium gallium nitride.



