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OF FABRI CATI NG PERI ODI C NANO- STRUCTURE ARl RA

DI FFERENT FEATURE S| ZES Field of the Inventi Hmmw ””l”i“i
invention relates to the fabrication of hano

devices on a substrate. Specifically the invent hems
relates to a nethod of fabricating arrays of different

A FE1 o G FASRIC Ay e Biobf: NGRS Py CTIHE Aavs

The fabrication of nano-scale optical devices requires
W H BIFRERBNTHEATWRESSWES i ndi vi dual features
representing |ight sources or photo detectors within
such 15 devices. It follows that the density of such
features will determ ne the sensitivity of the device
Fieldssf thedniventignt he mass scal e fabrication of said
features in order to inprove performance . However,
to increase flexibility and broaden the application of
use, such devices 20 require the fabrication of

Finblifv S on B th\@f' ftap |9ath?1 yEls t%\{ Eylcgg on a substrate.

| nSt ance, to Cre V\/ave source
SRR TR SR Frged e L —————

size features leading to the formation of devices of different sizes on the same

substrate.
Background

The fabrication of nano-sééle optical devices requires the formation of arrays of
individual features representing light sources or photo detectors within such
devices. It follows that the density of such features will determine the sensitivity
of the device and so requiring the mass scale fabrication of said features in

order to improve performance .

However, to increase flexibility and broaden the application of use, such devices
require the fabrication of different features within the same device. For
instance, to create multi-wavelength light sources and wide spectral
responsivity photodetectors. Customizing the fabrication process to include
regions of features of varying size is a time consuming and relatively expensive

process compared to the fabrication of a device having uniform features.

*G00002*
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regions of features of varying size is a tine
consum ng and rel atively expensive process conpared
to the fabrication of a device having uniform
features. LI L1 1L LE LR er reelt verr rer il
*000002* 2 Alternatively, supstrates having uniform
features but varying in size between said substrates

b onmpi.ned . to, forman overall device.. However

Atmeyel. Sy o8itatet havindwiitolm dedtures BUvayngdesizedetrgen

0 lead to a loss of resolution. 5 It would therefore
%%‘du‘%lgﬁtfﬁtetsd“% € omkingd de{aravamqyenay davigeuridewewen this may
vary in size and shape but at a | esser cost than the
affeetohe deasitubf theaeveasall gevice sodsso lead tha lpss of resotution.
Summary of the Invention 10 It is therefore an object

of the present invention to provide a nethod of
fabricating an array of features on a substrate using

& WeRlld atbrefeaé beSudefsiSo FABMAIS AV ideRaviRg fosared thabGary in
prior art whilst maintaining resolution of the

eMi o T f ' ' - L vent i
S2LF e APt g PR T A e
- f feat ri sing the steps

gﬁm’%r%iﬂrré%;r: a;ngt ?at e?afg:snsngogﬁ i nt e?rredi ate

| ayer on said substrate, said internedi ate

Summary of the Invention

It is therefore an object of the present invention to provide a method of
fabricating an array of features on a substrate using a method that is less
expensive than methods of the prior art whilst maintaining resolution of the

device.

Therefore in a first aspect the invention provides a method of fabricating a two
dimensional nano-structure array of features comprising the steps of providing a
substrate; forming an intermediate layer on said substrate, said intermediate
layer having at least two selectively located regions of different uniform
thickness; placing at least one layer of elements over said intermediate layer,
said elements placed in a close-packed arrangement forming an array of voids
between said elements; etching the intermediate layer through said voids, and
so forming the array of features in said intermediate layer corresponding to the

voids.
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| ayer having at |east two selectively |ocated regions
of different uniform 20 thickness; placing at | east
one | ayer of elenents over said internediate | ayer,
said elenents placed in a cl ose-packed arrangenent
formng an array of voids bejween said elenents;
etching the internediate | ayer through said voids, and
so formng the array of features in said internediate
| ayer corresponding to the voids. 3 Thus, the

|a_ ven%i on includes two critical st gps. The fornmation ,
ugniherbentiogi ineledes e eritical stepsr ddiedipsmationiof parriermediate
uni form t hi ckness and subsequently placing at | east

tayer hayieg regionk efrdiftesemtarnifony thickesks and supsedustitly placing at
voi ds through which 5 the array of features may be

&tashede |dyee of aleraémntefoimming lai rakisie a4th @feriobiz voids through which
internedi ate | ayer provides a selective placenent of

trRasmapsf RbingBsahay bBictied. T PArhtioRan teEkREsObf the
uni form t hi ckness but vary from ot her regions having

ﬂi'ftérfn‘?écﬁ{a‘tte IE?&P&B@@%S a@b%ﬁiv@%é%%rﬁ%?tq{fﬁégﬁéﬁ) ng«{r{ % uniform

of these layers reduces e

. devi ce by .redyci t he ste and, mai nt.ai nj n
Pt Mmie 1Yo o PRUPER iR s VR FoRLRnRE ot baag
I&?fa} rEtref rred enbodi nent, the etching step may
distereddBicsness The smaplicily & thefermation phihasedayiseeduces the
surface of the internediate |ayer to the substrate. It
£ostiad ke fatuicatiegiod the devier by ceduming thiecitaps andavsintdinigg the
a uniformrate of etching 15 across the el enent |ayer,
reduireprsdepcas keawn fatsricatingiprbegsses. si zes dependi ng
upon which region the features are located. That is to
say, subject to the type
In a preferred embodiment, the etching step may continue until the features
extend from the upper surface of the intermediate layer to the substrate. It
follows that regions of different thickness, assuming a uniform rate of etching
across the element layer, will produce features of different sizes depending
upon which region the features are located. That is to say, subject to the type
of etching process involved, not only will the features vary in depth but may also
vary in plan dimension such as width and breadth. For a circular shape, the

feature may vary in diameter on the basis that the etching process also etches

the feature laterally as it etches into the intermediate layer.

In a preferred embodiment, on completion of etching of the features, the

elemental layer may be removed so as to complete the fabrication process.
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of etching process involved, not only will the

features vary in depth but may also vary in plan

di mensi on such as width and breadth. For a circular

shape, the feature may vary in dianeter on the basis

that the etching process also,etches 20 the feature

laterally as it etches into the internediate |ayer. In
referred enbodi ment, on,co etion of etching of

ThB Pl b rrfortiv O pieer PhysmvhaistssSrena exdiaple, wet

as to conplete the fabrication process. 4 This may be

BBECEY RIEMINY, any nunber of known processes, for

exanple, wet and dry etching. The shape of the

i ndi vidual elenents formng the elenental |ayer may

vary 5 subject to the requirenent that the shapes form

dhelshape pd¢he thdividaalgeerephts fotming the efemeerthl layer may vary

enbodi ment, the elenents nay be spherical and may form

dubjeexRAABabqGIt@RENPREKAE SHATHRGBIR R clodéLphBkéd arrangement.
arrangenent, the voids may be triangular in shape,

e e e R B REHE Thal o tpnetib it may fom a
internediate |ayer, may be trianqular. In 10 a .
hRHEITER COse R et Indiriansay s Beayaitamey be
In a Preferred embodi ment, the el enents within the
irangulardy sharerfremia Blam igw.candernsequpatly e syingews ethyough
the el enments may vary in size and/or shape subject to
mhichctbaditehiog proeesst ¢étehesthst infeomediate layse-mayc ke driangular. In
arrangenent. 15 In a preferred enbodi nent, the
Bntatterredivateerd rmeenentpthehedlements mal/ e dvegbigns of

In a preferred embodiment, the elements within the layer may be of uniform size
and shape. Alternatively the elements may vary in size and/or shape subject to

the condition that they must form a close-packed arrangement.

In a preferred embodiment, the intermediate layer may have only two regions of
different thickness. Alternatively, the intermediate layer may have a plurality of
regions having different thickness, which may correspond to selective

placement of features of different size.

In a preferred embodiment a second layer of element may be placed. This
second layer of elements may be arranged to maintain a close packed
hexagonal arrangement creating a lower density of voids, said voids being

hexagonal in shape.
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different thickness. Alternatively, the internediate

| ayer may have a plurality of regions having

di fferent thickness, which nay correspond to sel ective
pl acenent of features of different size. 20 In a
preferred enbodi nent a seconds | ayer of el ement may be
pl aced. This second |ayer of elenents nay be arranged
to maintain a cl ose packed hexagonal arrangenent
creating a | ower density of voids, said voids being
hexagonal in sh In a second %i

ect, the
I & ?‘?Qﬁw%@%ﬁh @@é“‘é@ﬂt\% RIPHERS iBdMA) E@ﬁ@loélaﬂ papgrsducture

array of features, fabricated according to a nethod

- awayof taatyreshiabsicafes arfcorging ¥ dimethadgmprising the steps of

formng an internedi ate | ayer on said substrate, said

proviting aedibstratd; fyredindgaviingrrabdiatakyet vh sl sebdtiate ysaid
| ocated regions of different uniformthickness;

lh'télﬁié&atétlaylf&aﬁwr@é?t IbQé’tetWooéceI&itﬁ/Wbéat‘éﬁ%gﬁﬁ‘r‘s%f different
internedi ate |ayer, said elenents 'placed in a

gﬁlﬁﬁ% fﬁ?&éﬁ%g ‘Z;FIE@IH ed?‘?égstfoﬂérfégyr@[} oe?'ékﬁf\er s oller s\éfq @)?eerpwedlate

vveen sai et c he i n at’e
.and so form

h
(PURE PR SR eols bERg F Rt bSO LT Beh haming amarray of
10 the voids. Brief Description of Drawings It will be
¥RIHS ORfvERAN %%dfqﬁmﬁets aiching the 'N%"H@ﬂé%%#ﬂyeifrﬁv@ﬁghcﬁ@ld voids,

with respect to the 15 acconpanying draw ngs that
and ge feraniag Hor arroy of feataregamsaidsintdrmediatedayentdasresponding to

the voids.

Brief Description of Drawings

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention.
Other arrangements of the invention are possible, and consequently the
particularity of the accompanying drawings is not to be understood as

superseding the generality of the preceding description of the invention.

Fig. 1 is a cross-sectional schematic drawing showing an intermediate layer
with two different thicknesses formed on a selected substrate, according to an

embodiment of the present invention.
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O her arrangenents of the invention are possible, and
consequently the particularity of the acconpanyi ng
drawings is not to be understood as superseding the
generality of the precedi ng description of the
invention. 20 Fig. 1 is a crogs-sectional schematic
draw ng showing an internedi ate layer wth two

i fferent thicknesses forngd on .a selected substrat
Bk 805 Acpros SRCCHAD SR FRRTC drovring SPUEA HanALANS 6 latex
6 Fig. 2ais a cross-sectional schematic draw ng
sRberesJoamingrhexagasgl-rigse-packemh arrasgedent ag the surface of the
hexagonal - cl ose- packed arrangenment on the surface of
itermediater lagel adcoordiagdo aacaobaimgnt of the Erebedi imeenticof.

the present invention. 5 Fig. 2b is a plan view of a
schemati ¢ drawi ng showi ng a nonol ayered | atex spheres
form ng a hexagonal - cl ose- packed arranged on the

sy 2GS a%lah Wew bih SERBMAE Brdvidk§ sholirdy a Prdribldyered latex

cross-sectional schematic draw ng show™ng structures

AR R, AL LR 3Ry A B e

show n ilayered | atex spheres formng a
H@‘%%%‘ﬂﬁe-ley%rse- packed arranged on the surface of the
intermediate layer; 15 Fig. 4b is a top view of a
schemati c drawi ng showi ng the structures after dry

Fig. 3 is a cross-sectional schematic drawing showing structures formed after

dry etching of the sample shown in Fig 2;

Fig. 4a is a top view of schematic drawing showing bilayered latex spheres
forming a hexagonal-close-packed arranged on the surface of the intermediate

layer;

Fig. 4b is a top view of a schematic drawing showing the structures after dry

etching of the sample shown in Fig 4a;

Fig. 5 is a cross-sectional schematic drawing showing the nano-structure arrays

with different feature sizes after removing the latex spheres:;

Fig. 6 is a cross-sectional view of schematic drawing showing nano-structure

arrays with different feature sizes deposited selectively through the patterns

formed by this method;
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etching of the sanple shown in Fig 4a; Fig. 5is a
cross-sectional schematic drawi ng show ng the
nano-structure arrays 20 with different feature sizes
after renoving the | atex spheres; Fig. 6 is a
cross-sectional view of schematic draw ng show ng
nano-structure arrays with different feature sizes
deposited sel ectively through the patterns forned by
this nmethod; 7 Fig. 7 is an experinental result

howi. ng the SEM i mage of Si 02 patterns forped by dr
éﬂcﬁi'% N exPeyRNE! ﬁ%ﬁtﬁ W'”%ﬁﬁ%%ﬁM @%@%!%P%Eemgformed
etching mask. 5 Fig. 8 is an experinental result
kyhdivi gtghing dhiomghi avenge otfyespbepheretassambled as@tchigg arask.
etching through a bilayer sphere assenbled as etching
mask. Fig. 9a and 9b are experinental results show ng
the selective growh of 1n0.25G0. 75As/ GaAs guant um
gl § ig\ah Rxpefimeh&Nred BBSNEANG tHE SEM PHEGE bhSiGY PatterdS formed
pattern arrays formed according to the present
i j i P ef & j The
BT R DA S BT eF R ARG T
method for fabricating nmulti-sized patterned arrays
and nano-neter scale structured arrays having

iféeregt si zes deposited through the patterned
dPr 3 8ndRhe’re experigeiiel resulieshaivipgyae salpchve geawthi of
fabricating sem conductor |ight sources having
Iab.ﬁmems/&aﬂetqu@tum\mre mathrdifferent fegduiecsize thyough the SiO;
sem conduct or phot odetectors 20 having different
pattgpo rs@aysdorehah gttordong thahe ipe@ddnt gnvaintiphot oni ¢

crystal

Description of Preferred Embodiment

The present invention seeks to provide a simple and fast method for
fabricating multi-sized patterned arrays and nano-meter scale structured arrays
having different sizes deposited through the patterned arrays. These different
sized arrays may be used in fabricating semiconductor light sources having
different emitting wavelengths, or fabricating semiconductor photodetectors _
having different response wavelength, or fabricating 2D photonic crystal

materials having different properties

In the present invention, a method is provided for nano-meter scaled pattern

formation on a selected substrate. This process opens a route for nano-meter
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materials having different properties In the present
invention, a nethod is provided for nano-neter scal ed
pattern formation on a selected substrate. This
process opens a route for nano-neter 8 scale surface
patterning by utilizing spontaneous self-assenbly of

| atex spheres at length scales difficult to obtain by

SR ST SO0, A SR P DTLHER ot R spheres

a
means for pattern transfer over |large areas. 5 The
aelenath scalesdifficulirio obtaip by rstansiasd seatic@nduetortlighography

i nstance spherical particles, serve as etching nask,
tdchoiquas eT ik snetbbdlso provided anedsydimexpendive, ard tdstmgeans
resulting in the reduction of dianmeter of the

Rirpaeetrstrardstes o®édlafje areapl ts in etched walls of
nano-w ndows of the I nternediate | ayer being not

vertical. 10 Hence, the nano-w ndows fornmed on the
internediate layer wll be enlarged at the regions

wh . : . e '
el PR igdeh B AR e R AN SoRBrca
net.hod can be ysed not only directly a nctional, .

R BfESapave SbcrfoR B0 Rast et et Sy elalied admagugng dr
mat-erials, but also serve as a mask to deposit

glehing: regelting i fspeaductior of diegietexatbeelements) 3 his effigetigesults
I nGaAs, GaAs, InGAlP quantum dot arrays wth

o étteecdnalls opnesd-edhdawms of ihedpiriediate layer Gafsy not vertical.
substrate by selective MOCVD through SiQ2

Aance bk trainoedindbwa Yermed on the intermediate layer will be enlarged at
the regions where the layer is thinner compared to nano-windows on the thicker
layer. The structures formed by this method can be used not only directly as
functional materials, such as chemical sensors, photonic bandgap materials, but
also serve as a mask to deposit selectively nanoparticles, for example, for
growing InGaAs, GaAs, InGaAlP quantum dot arrays with different

optoelectronic properties on a GaAs substrate by selective MOCVD through

SiO; nano-patterned arrays.

Referring to Fig 1, an intermediate layer 20 with regions of different
thickness 21 and 22 is formed on a selected subsfrate 10. Then spherical
particles 30 are placed on the surface .of the intermediate layer 20 to form close-
packed arrays by any suitable method in monolayer (as shown in Fig 2) or
bilayer (as shown in Fig 4a). In this embodiment, said substrate material 10 is

GaAs, but any other materials having a flat surface can be used such as Si,



10

15

20

Referring to Fig 1, an internediate layer 20 with
regions of different 20 thickness 21 and 22 is forned
on a selected substrate 10. Then spherical particles
30 are placed on the surface of the internediate | ayer
20 to formcl ose- packed arrays by any suitable method
in nonol ayer (as shown in Fig 2) or bilayer (as shown

Fig d4a). _ln this odi nent, .said s trate

o5 1P g Retalp 6. B pornthiatomatdip S5 25 a5
flat surface can be used such as Si, 9 S 2, GaAs,
deprending 98 itsrarpicatiet.c. or conbination of them can be
used depending on its application. In this
enmbodi nent, a 100 nm SiQ2 is first deposited on the
GaAs substrate 5 by PECVD to formsaid internediate

| aylerthidlembbdihmnt ! 900 aph B0 sisUFedddppsited on thatGeAs Substrate
and then the exposed areas are dry etched partially

\QﬂgWEd\m 39 161 5&id ihterinetiRe AyRR202 Phol&1Rh&dBBhy & 8854 to form

ere the thickness of 100 nmis not etched "are areas

BtteRIITR thién (RELxBI 2l Srb Hre efnbl Brdidiffdown to 50 nm to
ydero éJJ]II?j ﬁ?acé or a FWa rP;a @hl?lc

philic su havi ng dro

urface forped_ after the etchin rocess e used
08508t P, throienarcraybero the liskbras A 108 i & ot etched
application. The flat surface_ allows hexagonal cl ose
Breckieds 22 Nosmatpsanyoother mataials withtahBatdudrephilipgurace or
sui tabl e nmet hod said nmethods being clearly within the
Ravng editpd hytiraphdicssuirfdcedformed sifter thEnetchimgokmesss ofaytbeeused
t hi ckest areas depends on the dry etching properties
a$ shidantentrediatdilaftes 20adeperdingod itshapstieton.CThe flat surface

particles 30 used. 15 Thicker layer 20 can be used if
hisvSIn¥xJoTial B HFeRkingf of dphefdd R B Armidd dn Hetsurtle by a
suitable method sa-id methods being clearly within the knowledge of the skilled
person. The thickness of the thickest areas depends on the dry etching
properties of the intermediate layer 20 and the spherical particles 30 used.
Thicker layer 20 can be used if the dry etching rate for the spherical particles 30

is less than that for the intermediate layer 20. Otherwise, a thinner layer should

be used.

Said spherical particles preferred to be polystyrene (PS) polymer, but not
limited to this material. Any other organic or inorganic spherical material may be
suitable including SiO,, if the particles have good adherence with said
intermediate layer which means that the spherical particles assemble in a
regular and stable manner. In addition, the choice of the sphere material and

the intermediate layer also depends on the applications of the nano-structures
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Is less than that for the-internediate |ayer 20.
O herwi.se, a thinner |layer should be used. Said
spherical particles preferred to be polystyrene (PS)
polymer, but not 20 limted to this material. Any
other organic or inorganic spperical material may be
suitable including SiQ2, if the particles have good
herence with said, ipternediate |ayer which nean
FabiEefREhagan nisiremad oo dBeteds Gt oneanésab araeble to
and stable manner. In addition, the choice of the
sneyetheaspharigr! material ipft omthe inteMmeadiatedgyer suriase after the dry
depends on the applications of the nano-structures 10
etwngcpoedss Hitloeigdmoving pretdssds necgssariéoreapicatioh efithe
one neans available to renove the spherical material
hehd-seractubes. ITHeed BBt & tha yartickel dgdeaihttAe rhhge 8F 20 nm to
etching process if the renoving process is necessary

bono ARPMiHIEH BRNcOhnidiSi alI)P‘@Véiﬁw%ﬁé.qﬁttMég)?effgﬂéﬁ ﬂgﬂ@h?ént, the

of the particles my ble I n the range

: i rei ' I hi s. 0
0P Hiahaler o1 M P VTR LES oartiaBE X Y i i deleliopor 5%
spherical parti cl is 300 nmw th deviation of 5% _
ekl Bl The Soldiien.CauBlTe A Wih P Thisyical Ratigles is
PS spherical particles is diluted with DI water in
fheed ythDbwater i then@tioraid : %1 Thancthesdiiuted selutionrcantdimigg the
the PS particles is spin-coated onto the said Si Q2
P&t rartidlds i spinapated ortbdhe sdidsSiR0NtetDediate tyer (igféined as 20)
areas 21 and 22, which have different thicknesses,
vorthintngs tenareap @dcarf 2800hitR Mal@ differBhnthicknz@xagamed b¥spin

cl ose packing of sphere 30 is assenbled in a

SHEEY BYEB0 A $EHCYhih NA Feflag sl Mo sePpadility B 8pFerdBstis
assembled in a monolayer as shown in Fig. 2a and 2b. There are many
methods for forming close-packed monolayer spherical particles on a substrate,
they can be found in patents and other sources such as Deckman and
Dunsmuir, U.S. Pat. No. 4,407,695), Nagayama; Kuniaki et al, U.S. Pat. No.
5437892 and 5505996 the contents of which are incorporated herein by

reference.

Referring to Fig 3, the sample is then loaded into an ICP chamber for dry
etching to open nano-windows (51 and 52 as shown in Fig. 5) in the
intermediate layer SiO> 20 through the spaces 33 of the close-packed sphere
assembly 30, which serves as a etching mask. CF4 with flow rate of 20 sccm,

O2 with flow rate of 5sccm, Ar with flow rate of 20 sccm, are used as etchants in
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met hods for form ng cl ose-packed nonol ayer spherica
particles on a substrate, they can be found in patents
and ot her sources such as Deckman and 15 Dunsmuir,

U S. Pat. No. 4,407,695), Nagayama; Kuni aki et al,

U S. Pat. No. 5437892 and 5505996 the contents of

whi ch are incorporated herein by reference Referring

Q. Fi le |

b Riskes ¢”§7\§>@”Btﬁssv§%8ﬁk§%{ 8 3R i BofPraeta s09pw and
52 as |nth |nterrred|atelayer

%Owefpﬁéaﬁgﬂ '?F?@ r&%‘é{@eéﬁ gt Ei‘ff fMB- cl ose- packed

sphere assenbly 30, which serves as a etching nask.

CF4 with flowrate of 20 sccm 02 with flow rate of

5sccm Ar wth flow rate of 20 sccm are used as

et cBanetshing fodthet BiGy R0 @cewrs. thChaghitbe spaess 38ddatwetr phe

at 5 Torr, RF power set at 500 Wand |CP power of 200

¥phdres [B0n At therBegianmegtofalse Btoming, ob)thettaandglg shaped Pertions 33
Si 2 20 occurs through the spaces 33 between the 5

?\lri’é\ﬁh 8ot tohbf iHeesARPleHY %vﬂf intAi8. ?}\ﬁﬁél’é&he%ﬂslé Iéﬁ‘&h of

[ angl e shaped portions 33 (viewing fromtop of
PP fth g MR B Bl 1 .
n%?eo tﬂﬁ%‘gg Flebed. sENSErIRE sPhpicas A piRasiched at these
S S PRt B b e
smal | one 32 during the etching process. So the etched
tedyscedde thatanf the smallonss 32 gering the elgbingl prpress. Saiee etehed

shown in Fig. 3 and the
cross section profile of the SiO; has sloping sides as shown in Fig. 3 and the

bottom of the etched pit a (equal to the base length of the triangles 33 viewed
from top) maintains the same width until it reaches the GaAs substrate. But the
surface portion b (as shown in Fig. 3) is enlarged by etching due to the
reduction of diameter of the spheres 30. When the base a’ (as seen in Fig.3 at
the thinner SiO; area 21) reaches the GaAs substrate, the base a (at the thicker
SiO; area 22) is still within the intermediate layer. The bottom of the etched pit
a’ is enlarged further if the dry etching is carried out further, and the a’ will
enlarged to d at the thinner SiO; area 21 by the time a reaches the substrate 10
at the thicker SiO, area 22. Then two kinds of window arrays 51 and 52 (see Fig
o) with different bottom sizes, d of the triangular shape at the thinner SiO, area
21 and a of the triangular shape at the thicker SiO, area 22, are formed. Bottom
size of both kinds of the opened windows 51 and 52 at areas 21 and areas 22

can be further enlarged by continuing the dry etching process.
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bottom of the etched pit a (equal to the base |ength

of the triangles 33 viewed fromtop) maintains the

same width until it reaches the GaAs substrate. But

the surface portion b (as shown in Fig. 3) is

enl arged by etching due to the 15 reduction of

di aneter of the spheres 30. Wien the base a' (as seen

in Fig.3 at the thinner SiQ2 area 21) reaches the

GaAs substrate, the base a (at the thicker SiO2 area
22)_is_still within the internedi ate | ayer. The bottom

of Tide’ SNEWEPLPxPerimental iesplh ofhe napanatierns (thaeaameywindows
etching is carried out further, and the a' wll
bayergelearmopengd)ifabri¢atd driough tire manwlayerey sphere agaembly of
a reaches the substrate 10 20 at the thicker Si Q2 area

e PShatex tspbekasnals thef swifamboof Sit,ays 51 and 52 (see Fig

5 with different bottomsizes, d of the triangular

shape at the thinner SiQ2 area 21 and a of the

triangul ar shape at the thicker SiQ2 area 22, are

f _Orfgﬁﬂl-arl ,‘135 ‘gﬂgﬂlesrzéléﬁ-ﬁfacm &é@nﬁ}ﬂ? ofthd S &Bs 'E%qbaéso be used

W ndows at areas 21 a areas 22 can
en| : t] i F hj .
Y Bh R AR TRl A S Blever, e perios

SRS PR Bead R BSRaa eoih be ohetind e itorot o
ssenbl %f the PS | atex spheres on the surface of
%ab%f"gdsﬁ FRY) Mpnolaysredisieherep @sshorexiad-iasédnipl 4a displays a

the spheres can also be used as an etching mask to
fopbriew &f schematic srawiagshonénather sample heforesthe, drytetching
period and features of the wi ndow arrays (region

breicees withtebitplee mesgmbiyeofthé iater Bphéfes on the surface of the
intermediate layer. Fig. 4b displays a top view of schematic drawing showing

the structures after dry etching of the sample shown in Fig 4a;

Fig. 8 shows an experimental result of the nanopatterns (the nano-windows
have not been opened) fabricated through the bilayer assembly of the PS latex

spheres on the surface of SiO,.

It follows that, patterned arrays with multi-sizes can be obtained according
to this invention by using an intermediate layer with areas having different

thicknesses.

Referring to Fig. 5, after the dry etching, the PS spheres are then removed

by toluene treated in with ultrasonic for 5 min to form a nanopattern array 51
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that fornmed through nonol ayered spheres as shown in
Fig. 4. Fig. 4a displays a 10 top view of schematic
drawi ng showi ng the sanpl e before the dry etching
process with a bilayer assenbly of the |atex spheres
on the surface of the interngdiate layer. Fig. 4b

di splays a top view of schenatic draw ng showi ng the

tﬁ%clé%eiée%{ubeersgggﬁs S LSRR EeRT et o
R R TRV e 2

| atex spheres on the surface of SiQ2. It follows

theagh tbett@ePﬁé@na?frtawampwnmwﬂs algnosd he sAMGe

obt ai ned according 20 to this invention by using an
internmedi ate |l ayer with areas having different

t hi cknesses. Referring to Fig. 5, after the dry

et cRefegrind tteFigS6sah éfi@sGas Ak heyerisamavethedbetivebHEB£As layers
treated in with ultrasonic for 5 mn to forma

RARBA oA Bnahe Walsl sdisstratd bl sBidcald R/{OCQ@ S 6o Lﬁ?nrough

(bottom portion of the nano-Ww ndovvs) | ocat ed at

fﬂy §’@f" ﬂe?r?%@%{rﬁyg Reo ¥nkl 0325 t%éaquléér ru%t&r%s 61 and

ocat & at cker ar ea

rtion of the n rm hesame 5
RR Pl Ritptbe Al oGttt ises e 3&% Wi
sandw ched between GaAs | ayers is then grown on the
GaAs substrate by selective MOCVD at 6000 C through
the SiC2 patterned arrays. Two ki nds of nano-sized
barFipi Ra asd Afcargrexpesmental resdtsashoving el seliestive graveh of
different sizes of the SiQ2 w ndows.
Ino 2sGap.7sAs/GaAs nano bars with different feature sizes growing through the

SiO; pattern arrays formed by this invention. The average dimension of the

'Iarger nano bars with multi-facets are, ~150nm long, ~100nm wide and ~80 nm

high, while the small ones are ~100nm long, ~30 nm wide and ~30nm high.
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10 Fig. 9a and 9b are experinental results show ng the
sel ective growth of 1n0.25G0. 75As/ GaAs nano bars
with different feature sizes growing through the Si Q2
pattern arrays forned by this invention. The average
di mension of the |I|arger nanogbars with nulti-facets
are, -150nm |l ong, -100nmw de and -80 nm high, while

n -30 pm w de and
tm%(?ﬁl%% Sﬁﬁﬁiﬁﬁe '%&Q&Wa%’%s&dgqlfwgg the i nvention
are as follows 1. A nmethod of fabricating a two
di nensi onal nano-structure array of features
conprising the steps of : 5 providing a substrate,;

f o?& ng fafathed phiatrigeting ayiwp dimesaiofaknde-sHueture array of
internediate |ayer having at |east two selectively

| ocat ed featyiresm sompridingftbe steps afni f or m t hi ckness; 10

pl aci ng at | east one |ayer of elenents over said
internedi ate layer, said elenents placed in a

cl ose- packed arrangenent formng an array of voids

bet ween ralidirR) £8BPétPateet Chi ng the internediate |ayer
t hrough said voids, and so fornmng the array of

featur esfo}rﬂinﬁaér{jinit%dﬁgilé)}& IrAYSE sGBEEERPLAR iR&ridiate
t he 15 voi ds:
layer having at least two selectively located regions of different
uniform thickness;
placing at least one layer of elements over said intermediate layer,
said elements placed in a close-packed arrangement forming an
array of voids between said elements;
etching the intermediate layer through said voids, and so forming the

array of features in said intermediate layer corresponding to the

voids.

2. The method according to claim 1, further including the step of
progressively etching the intermediate layer until said array of
features extends from an upper surface of the intermediate layer to
the substrate, such that the features in each of the at least two

regions of different thickness are of a different size.



10

15

20

2. The method according to claim1, further including
the step of progressively etching the internediate

| ayer until said array of features extends from an
upper surface of the internediate |layer to 20 the
substrate, such that the featyres in each of the at

| east two regions of different thickness are of a

2. iner s v Foseitind G o A n e fierfies Gof sBelhoiudes

a conbi nati on of the di nensjons of dept

any one do{;\? dir { ept h,

br eadt h,OUFENAEAALA GRBCEA OMRIRRLIINLGL thealimensipnsfdepth,
nmet hod according to any one of the preceding clains,
further breadihuwidth andediameteratf thefratuigs. t he | ayer of

el enents after the etching step. 5. The nethod

according to any one of the preceding clains, wherein

10 the elenments are spherical. 6. The nethod according

t o 4l ai MiHe metteyeadcdriiagb eeg-aracdfate pasdaig BRIYths] RirRer
cl ose- packed hexagonal arrangenent. 15 7. The nethod

accor di ngcll@ingnite 8 &f rehitiiny %Q&é‘rﬁoﬁél?h‘@ﬁts %f;t'érttliﬁ%retching

including the step of placing a further [ayer

cl ose- pagked el ements before the etching step. 8. The
met hod according to claim 7, wherein the conbination
of the two 20 layers of elenents form hexagonal

voi ds.

5. The method according to any one of the preceding claims, wherein

the elements are spherical.

6. The method according to claim 5, wherein the close-packed

arrangement is a close-packed hexagonal arrangement.
7. The method according to any one of the preceding claims, further
including the step of placing a further layer of close-packed elements

before the etching step.

8. The method according to claim 7, wherein the combination of the two

layers of elements form hexagonal voids.

9. The method according to any one of the preceding claims, wherein

the elements are of uniform size and shape.
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9. The nmet hod according to any one of the preceding
clainms, wherein the elenents are of uniformsize and
shape. 16 10. The nethod according to any one of
clains 1 to 8, wherein the elenents vary in size

and/ or shape. 11. The nethod gccording to any one of
the preceding clains, wherein 5 the internedi ate

| ay [ ' t ' . | ayers. 12. .The
ot i aneofEnh bEeoBlia B0l & et 1L B whBainiie
the greatest thickness has a .thickness |ess than half
the di ang@fBIENGT Vayi'g S'@rﬁ@?rc%ﬂap&-enents if adry
etching rate of said elements is greater 10 than the
dry etching rate of the internediate |layer. 13. A two
di mensi onal nano-structure array of features
f abt1.cat Bae metbod dcenrding ta amytdredofitheqdraceding. ctaims 2wherein
15

the intermediate layer includes different materials or layers.

12. The method according to claim 5, wherein the region having the
greatest thickness has a thickness less than half the diameter of said
spherical elements if a dry etching rate of said elements is greater

than the dry etching rate of the intermediate layer.

13. A two dimensional nano-structure array of features fabricated

according to a method of claims 1 to 12.



