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A Met hod of Generating A Pattern On A Substrate FIELD

OF I NVENTI ON The present invention relates broadly to
we2emebipds of generating a pattern on a substraper/sexd7/000329

to a pattern formed on a substrate using the method.

BACKGROUND In a fabrication process of e.g. optica

di sc stanpers, sem conductod devices, biosensors,

m croel ect romechani cal system (MEMS) devi ces,

m ni ature electronics, mcron-optical, and

m cr Orﬁfméﬂﬁ&a'ofdeéh@@ﬁtmgam PAtteh Oh A SuBstrateres

and sizes are usually genérated on a surface of a

substrate such as a silicon wafer through a process

I ' raphy. Figures 1A to 1Cillustrate a

Flé%iﬁgﬁd\*éhﬁlﬂg’é\faphy process. An irradiating resist 102

coated on a surface of a substrate 104 is irradiated

a |l aser ( 0 ec [

thr Q08P Sk B e ProBByiic HnpfAly 8P Il o' fHterm on a
sulpsteatk) @ed to Spattern fremed devesiubstiate using theenethad.st  r enpves

either irradiated portions 108 or un irradiated

portions 110 to produce the desired pattern 112 on the
BACIKGRQUND 104. The di nensions and the quality of the

pattern depend on the optical systen1and the

properties of the resist. For exanp in

i t Hogrfapmisption seassss fhers- &pt%é%mb%afﬁp?@ a%aonc{llﬁ@f devices,

bidsbhddre, a}mc‘id)eﬁ&:trbﬁ\eeﬁfadﬂfa‘l) hystth |(IQEW@) equlfRt, @iniatiR: electronics,
properties of the resist and a t he | aser

m"Ef@ﬁT?Pt'eﬂ'r@npé'%fEﬁOWPﬁf‘ @?d?‘ﬁ%esr 8@'11%['3 Péd'é%?'étrsrtﬁaﬂ%%a Sizes are

ustidl§ defbrated o @Qirfice @ aaDstAHtS sadh e sﬂnﬁBﬁK/afblemmugh aeprocess

oSS EbyRENIS oL 58 BBl B racnn

resid19102 gbated onra dunface efsa smb&h‘bfeem@snrmdlqbecbmﬂse laser beam (LB) or

finition t [ .t h aj e
ol R I AR £PReR 8 Sl o BB produes
Sudeequeni dev:bldnyngaor dixe resi vienomes Ie!therainrtadiata¢un@tlor@al108 or un-

irreﬁfi)zﬁ%é gBﬁloﬁM)IO Q(E gmug\@{[tﬁcaés\{%dlp%ﬂémuwBﬁ rt}?et Qlﬁ)sgatg 104. The

attern can
dingrisieps aanda dwer quiglith of tb%mattem derande g tthe enwc%nsystem and the

(fbg't%gtdf\fﬁe FeRse FVUrteQar"i\p@' &hlﬁé Ilwﬁgragﬁp RSk O AN a laser beam is

gr aphy technol ogi es, WV |ithography

. and
used, Bbgﬁﬁltpqat ﬁg@toalpﬁ@rod@gm| '6996?"@18m Qn Bﬁ&rw%sl qf; tl\’yeeremst and a
spHBLisE it the Afset MRamE Thetreh&ivae B 1tAd fedidttit &iclsimired by the total

irradiation amounts of the laser beam, i.e. the number of photons or electrons absorbed
by the resist. As a result, the accumulation effect of the absorption in the resist affects
the precise definition of the shape and size of the generated pattern. Further, the spot
size of the laser beam is determined by a laser wavelength A and a numerical aperture
(NA) of an objective lens used in the lithography system. A fine pattern.can be formed by

using a laser with a shorter-wavelength and an objective lens with a higher NA.

Conventional lithography technologies, e.g. deep UV lithography and E-beam
lithography, employ organic photosensitive materials as the resist to generate patterns
through photo-induced chemical reaction between the resist and the laser beam or the

electron beam. However, the generation of deep UV laser light usually requires a
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t hrough phot o-i nduced chem cal reaction between the

resist and the | aser beamor the el ectron beam
woonmeweris t he generation of deep UV | aser | i gheCusaziof/g00329

requires aconplicated optical system as disclosed in

US Patent No. 2003/0133402 A 1, to convert a |long

wavel ength | aser beam (e.g. 2about 1064 nm to a short

wavel engt h | aser beam (e.g. about 266 nn). On the

coﬁfﬁh%ibed”'@f?ﬁal stBt%nEaB%%ﬁlofé%@ﬁ'ﬁﬂB PERABNG i(@Bﬂﬁ 3YA2UAMNto convert

a er a S a chan

e PoretE st RS 18 o b a6l 590 2 R RPE SRl fpog beam

(elyr abalt aﬁssofm)stcngme d)ther:j Bard, fitid ELHel‘a;nt ths&trtl aleﬁdsh iaglarge vacuum
spee rotation,o t he .

chgf e e adiking = NbrRESHPS Meshatih Stattmtro i Falhisl an ar-

spihdier medor @ahd AprénstatioRhstagec dt, is \difficuld®, atfgin highS58cc(209 BN . high-

sp?&f rgtfa%n oftthg QWé nrﬁgt%)ﬁ% r%}f%k&m% E tﬂ'?& ﬁ?pach chamber

graphy em a eam ogra
[Jawaeeseoﬂowomh IApergéd’hdaes t oli ﬂﬁerp@nt16ﬁag(209i)d>dTb¢ret9rﬁ the

co Sﬁ% até Sy shdrid O fr%q Jpeﬂvnﬁhogéagﬂ% %?&éﬁ' 5}3’. %VE rbggmmography

ase change ogr aph 0gy, scl osed
syﬁa'rneﬁte et ceroBNly1 0§sd UA Yo inheeant ahigh apredersian deost and rigid

reqUReR S prdREsiRG @ddrorM@pge material as an inorganic
resist, which was deposited on a Si substrate. A

modul at ed | aser beam was enpl oyed to generate
anmomphyHase Pakdrdensitiodrdphg  EdcliRdledy, | BRciBsek ginowsl Patent No.

t t t
208 R 5P i DS SRR cPT it FDB 9L ferial as an
indrinid reslsg athiclc waa yleposites oetaCSedeamy Jaynmmmed tfser beam was
enw?%stgég%ﬁh%ﬁt el C%rpﬁﬁté( ItF is. mﬁﬁ% g %‘ﬁlgﬁoa@ ergur?&/?romv{ﬁe side
oppaditedo rtise siisgatpaside rBﬁorweieeelbmnem of dheechalcagedidé fpbpen cleange
f ial
af 50 Rl el ok MorR ARy B AR TR SRk b (R, The
phsser gbangeelamrpw@g/é@pMm eorgiialiesaseldtisroto devedlemthedpajterns. The

pallBRt Fee fo\%‘éd:aué £t an: if %HBl)l'h?%tf B SHave |cﬁ:9rf§%%ater|al in the

process. 06/ 045332 A 1 discloses a masterin
aw@wgsamuqﬁ@t@m SHemi dewaveni dehdirdiar stivighise ijawgaéi was

lihdPoPoptithl Bist RhdtBly WhigS IcbBStoRetinplihict GloWsiSphéNt _
Conr;gst ery a%%l i cati onigpﬂyus IPateent No. %05/ 01618%2 frocess

di scl oses WOx and anorphous Si used as an alternat|ve
| NOKPANREOEIEST3SL ADI diBBISIER % ﬁﬁz@{drlﬁgt b@besd rusimgdichai€dyenide

S R R DR
applications. US Patent No. 2005/0161842 A1 discloses WO, and amorphous Si used
as an alternative inorganic resist for mastery application. In addition, ZnS-SiO, and a
chalcogenide semiconductor phase change material were proposed as an alternative
resist for nanopatterning that could reduce the pattern size [Japanese Journal of Applied
Physics, Vol. 45, pp. 1410 (2006)]. A three layers structure with a chalcogenide
semiconductor phase-change material GeSbTe as an optical absorption layer was used.
As the laser exposure is from the opposite side of the substrate, it can create tapered
pattern which may be difficult to exfoliate during stamp fabrication for mastery

application.
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resi st for nanopattem ng that could reduce the pattern

si ze [Japanese Journal of Applied Physics, Vol. 45,
W@p0o4bds (2006)]. A three | ayers structure w PET/8G2007/000329

chal cogeni de sem conduct or phase-change nateri a

GeSbTe as an optical absorption |ayer was used. As the

| aser exposure is fromthe &posite side of the

substrate, it can create tapered pattern which nay be

di f fwiiihe rhgid @sibpnidrt oﬂHfﬁlélgreséléﬁibnfcabﬁticﬁﬁéﬂd)m|cf@ﬁechanlcal

mast er gggliqat on. Wth %he rapi d deve%@pnent of h
dexichs: alsétl‘ [%sd RRfeNEg: PESIMeE MEEFHARC RTeEY Step in the
maleNact@ig [Frodessl Heees itlad |$)at hemdniongrotiee @nmethad of generating a
deggcoi ﬁl?rﬁ e‘? golcgu gtrﬁttggtg: ?cgdr%?seopa ggrggr% ﬁrjglolggst porn%cgfs the above
prqmemsatl ng a desired pattern on a substrate to address

or overcone at |east one of the above probl ens.

SUMMARY | n accordance with a first aspect of the
SWMMHARYX i nvention there is provided a nethod of

generating a pattern on a substrate, the nethod

CONPY izsbdidad @ NG fRstr 2Dkt ofSthe Ysrbddne iRBniidhethere is provided a
substrate, wherein the resist structure conprises at

methed: o GeNeEAtiaN |3 RatigIheR atyeptrle. the MHthad eamArisipg forming a resist

stm&tuaéﬂb.atth@ gubdiatd; EeRdin Ihd WEdisiIstrubtufd) cApria8 <y Yiedi® aetallic
and devel o rpt%Ht he irradiated resist struycture to orm

glassdheyanat ab dayeg diradiating the et sirasfe amibransenesgy eam' and
deRslbping tHedibt 8diatd e petdt bRaktae td femied pattene. gl ass t her nal

absorption |ayer. The devel oping of the irradiated

resist structure to formthe pattern nmay conpri se

etc H‘hegesihatracttnie\ma)} éongprise rantdedveniayerl deposigd amshé hetatil glass

The devel opi ng of the irradiated

the?rg'zapé osé%'roﬂcl: ure to formthe pattern may further

conprise etching the netallic glass thernal absorption

lay qrhe% LQEplﬁ%gf thL ?rpa'dggecpnf sfspﬁnﬁﬁfré Yo rﬁﬁqaﬁgnﬁnay comprise

resi st struct her conpri se ectric
et¢hingethe @elivedayer ed tfwenm@ﬁ gtaﬁ%thﬁ?énalabisemwal@sert her mal
absorption | ayer and the substrate. The devel opi ng of

the irradiated resist structure to formthe pattern
may T@g,@yelg@ng of the irradiated resist structure to form the pattern may further

comprise etching the metallic glass thermal absorption layer after the etching of the

active layer.

The resist structure may further comprise a dielectric layer desposited between

~ the metallic glass thermal absorption layer and the substrate.

The developing of the irradiated resist structure to form the pattern may comprise

etching the dielectric layer after etching the metallic glass thermal absorption layer.

The metallic glass thermal absorption layer may comprise one or more of a group

consisting of Al-based, Mg-based, Pd-based, and Zr-based metallic glasses.
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etching the dielectric |ayer after etching the

metallic glass thermal absorption |ayer. The netallic
w@b@asm4doher mal absorption [ayer may conprise OPET/SG2007/000329

nore of a group consisting of Al-based, M-based,

Pd- based, and Zr-based netallic gl asses. The netallic

gl ass thermal absorption |affer may conprise one or

nore netal elenents of a group consisting of Al, N,

Gd, TRd, mékdllic Miass Yheréfal absarptidn, lafé, mBY comdrisétone lof moadi Gnetal

e 57 affup Zoneiigl AT AT GE e SN R 2 TR Ag. P, L T

andoniktQresror alldys. acti ve | ayer may conprise one or nore of
a group consisting of oxide, nitride, fluoride, and
carbide of a netal. The active |layer may conprise one
of r : |
2 3PS RIGRES, el B 1y rtes S o egi ne cangeg 5 o
toPA@msubstrate nmay conprise one or nore of a group
consisting of polycarbonate, polynmethyl nethacrylate,
éphous pol yol efin, ceramc, quartz, silica and
gI adde e davesr gryayb@%mrr?&yor@oﬁrpm%% of e 9MP £ogpislilly of oxide,
nitA@ FlushdeNEn®EarBidb 368 mdkgam an el ectron beam and an
i on beam The nethod may further conprise discrete
pattern formati on by nodul ating a | aser power in a
f or mhefactué! 1aer iniayi donpvies ore ofangreup torsistiag oDInS-BEBIAINGGi;N,,
Zéhsi@ubstrate with different witing strategies in
FTerent rotation speed groups. The nethod may
conpri se (a) a recording strategy for an internedi ate
r ot ) 0 strategy with a
shoﬁthe?j%le e'g*@eY C%[“[?\?vger%'?% %o?n speed, (c) a
recordlng strategy with a castle shape waveformfor a

hi gH’hE %g@%taQQm%P sgmﬁos-g%erog%éé o4 5%b%ﬁ5||§@é J??olycarbonate,

prepare a group consi st
potya@thmw&ya@s'lam @morphose pelyeletin gatamie qyattd sjlies pd glass.

chem cal vapor deposition, ion plating, sputtering,

and evaporation. The devel oping of the irradi ated

r esithi ehbfdyBdrtmb chbRpidd Hie Hd BRIUP JERYisHHRNGTd BSerdbeam, an

wet chem cal etch process, adry etch process, or both.
electron beam and an ion beam.

The method may further comprise discrete pattern formation by modulating a
laser power in a form of pulse train over a range of rotation speeds of the substrate with

different writing strategies in different rotation speed groups.

The method may comprise (a). a recording strategy for an intermediate rotation
speed, (b) a recording strategy with a shorter pulse for a slow rotation speed, (c) a

recording strategy with a castle shape waveform for a high rotation speed.

The resist structure may be prepared by one or more of a group consisting of
vacuum deposition, electron beam vacuum deposition, chemical vapor deposition, ion

plating, sputtering, and evaporation.
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In accordance with a second aspect of the present

invention there is provided a pattern fornmed on a
weupshidte using the nethod as defined in the PET/SG2007/000329

aspect. BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nent s

of the invention wll be better understood and readily

apparent to one of ordi nary%kill inthe art fromthe

following witten description, by way of exanple only,

and in conjunction with the draw ngs, in which:

Figures 1A to 1C are schematic drawings illustrating a

t y piThel develbping bﬂphyrarmiabexbﬂzstst strgture o 2An the [ZBear may comprise
awgtl'h‘?‘nrerﬁl caFetg!l; Q}Mﬁg {jllgl rgéésg rabo ttern generation

cess’oh a reS|s Fucture according
to an enbodi ment; Fi gure 3A shovvs a graph of sinmulated
t enperature pl otted agai nst a di stance al ong tracking

dl I G bEQidaHee With! d18edoRd bEsece BPRI dr@éym mEér@ﬂéthé’r@ i$ Bfewed a
graph of sinulated tenp erature@grotte a ai nst

pa&?@tfame@ A depsiratecsingdae methodas %Rf’demﬁ Het atsee?the
enbodi nent. Figure 4 shows a | aser pulse train used
for the pattern generation process according to the
enbodi nent; Figures 5A and 5B show atomic force
BRIEFR DESCR{IPTIONDF MHE DRAWINGS esul ts of the 3T pattern
generated on the surface of the resist structure in
8x8 mMm and 2x2 mm area respectively, according to the
. enbdhetimefts g tlee Bukestioowsilldreapatter ahdédstapkdresisreaflily apparent
-d i \ -.Si
to B FogRInefy sl o e e IR (S (AR ALBARCE Relliaph By way o
exaopte dily,candon ichejupatfeadiithethe; draw@gs,en 8®icthows graphs of
surface roughness of the as-deposited ZnS-Si Q2 sanpl es
and the anneal ed ZnS-Si 2 sanpl es plotted agai nst
et cifigwges i1heta d§paca ispeenaticy drawingsnifusteatingea typical lithography
prédgiedi ment; Figures 7A and 7B show atonic force
m croscope (AFM neasurenent results of a line pattern
generated on the surface of the resist structure in

8X8 Highré @A2¥2 20Mafd @Bhematic drawings illustrating a pattern generation

process on a three layers resist structure according to an embodiment;

Figure 3A shows a graph of simulated temperature plotted against a distance

along tracking direction according to the embodiment;

Figure 3B shows a graph of simulated temperature plotted against a distance

along thickness direction according to the embodiment.

Figure 4 shows a laser pulse train used for the pattern generation process

according to the embodiment;

Figures 5A and 5B show atomic force microscope (AFM) measurement results of
the 3T pattern generated on the surface of the resist structure in 8x8 ym and 2x2 pym

area respectively, according to the embodiment;
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respectively, according to another enbodi nment; Figures

8A to 8E are schematic drawings illustrating a pattern
W@menaion process on a resist structure accordi/BGoup000329

anot her enbodi nent; Figure 9A shows a graph of etching

rates of AIN and Si 3N4 active |layers plotted agai nst

anneal i ng tenperatures respBctively according to

anot her enbodi nent; Figure 9B shows a graph of surface

r 0U9f§ﬂ|ﬁ$8A0§holw_éegré1bH§ anghickhed¥dofasd- hmslt@ylzhs-sm)ps&rades and
agai pst_anneal i te rature res ective C
e ot SO e RHES RRTHE 0 TRB SR e B o the
entodiviang rates of Zr2-Si A2 sarrpl es plotted agai nst
respecti ve anneal i ng tenperatures according to anot her

enbodi nent; Figure 10B shows a graph of surface
r ouﬁrgues§Bo¢hmM3engpI@oSBmcsanpgmsgchﬁtth@@saigabsited ZnS-SiO,

saéﬁﬁ-}?%@{rj 'tl’éee ﬁ]rg:ﬁ %mf‘-{deur e %%'i*{(ﬁ%dt%%%% gt')cﬁ]ig%ttlﬁne respectively,

aceariling tgthgtembodigness f or pattern generation for
i nternedi ate speed, slow speed and hi gh speed

respectively, according to another enbodi nent; Figu
12 AFigyres A and’B shaiomic iranisgscene (ASM) measgement resuls of

a lin@phérh gﬁﬁé‘r@fe@tdn‘lﬁe Blirfe8 DF e SististRctuRYiR 1888 [IRSAr¥t2x2 ym area
structure accordi to anot her enbodi nent; Figure 13

respRevsyaa %‘Pﬁ‘g%iola@o 1eR6MRA'HE an optical witing system

for use in enbodi nents of the present invention.
Flgre 14 shp a_flowchart ustratin thod
e abRng BEqs: piniie . denngs TG Agafin Seneraton
prms@omla nepidt gtracturexaaoqrdiag esrbaadherenibodibiehsl LED
DESCRI PTI ON Fi gure 2A shows a schematic drawi ng of a

| aser thermal |ithography resist structure 200 in an

exaffjgues 8fvisbowsre mraphTdfestehing @tessmfrAthamd@aM@ctim’pvders @ptted

; f e
T e e e S P

to as inorganic resist |ayer 204 The i norganic resi st

| ay ?fé;u?é)éB SRSV 4 grea%h s e ‘P&Edﬁﬁég o tHel RINER L Sl Kactive layers

O2 lower dielectric 206, an approxi mately
plo}zted AERIPF @APRA3INg RIBRYSALUERS rch 'Wa{q'ngcto Ghatber erahediment;
208 and an

Figure 10A shows a graph of etching rates of ZrO2-SiO2 samples plotted against

respective annealing temperatures according to another embodiment;

Figure 10B shows a graph of surface roughness of the ZrO2-Si02 samples

plotted against respective annealing temperatures, according to another embodiment;

Figures 11(a) to 11(c) show writing strategies for pattern generation for
intermediate speed, slow Aspeed and high speed respectively, according to another

embodiment;

Figures 12A to 12C are schematic drawings illustrating a pattern generation

process on a two layers resist structure according to another embodiment;
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approximately 100 nmthick ZnS-Si O 2 active |layer 210.

The I ower dielectric layer 206 is deposited on the
wenpshidte 202 by radi o frequency (RF) sputterpP@mSesnot/e00329

the netallic glass |ayer 208 is deposited on the | ower

dielectric layer 206 by direct current (DC) magnetron

sputtering. The background Yacuumis about 1.2x1 0 7

nbar and the work pressure is about 4.5 to about 5.5x1

O 3rigoay 13V|shbwﬁ'é %eh'ﬁﬁ‘c ﬂfagﬁ‘e@é;%f BB dphsalddritilg OdybtedDfor use in
seem f| ow rate. | ower dielectric |layer 206 is used

e"PBd'Hlﬂ‘ﬁﬁft%PrSﬁWtE‘é{F" Iloperty of the medium and to

prot ect the substrate 202. The refractive |ndex of t he

r dielectric |ayer in th

abonoute £ 3Bbi,5 AoneRin 1400 i yino, felog gRPEfli g desired
patten opatdubstraté acqoedingto. anldxamgplet emitsodiragrer 210 has a

thermal conductivity of about 0.01 J/nKs to about 500

J/nmKs. The thickness of the active |layer 210 is
DETAILRBMESCORIRTH@Npat t ern requi renents. The thi ckness

of both the active |layer 210 and | ower dielectric

| ayer 206 can be set within the range of about 5 nmto

abofitguz0BAnshowsha sebempliq drayings of [aalpser thesmalylifbegraphy resist

str@(ﬁur@ beRtin Hnnkxasle %r%d‘rﬁérﬁ gﬁé‘ %éﬁ&lo %tru&ﬁ}bcf‘o@b,éﬁ’nbh&s an
| aser energy defining t tern shape and

apﬂ'ﬁé’"?Fﬁ%Rﬁ@% thik Rq’»@aw@naqeﬁuestgqtfaégz’ [PAY &rPBeE! generajion layer

whiog Ish%fegﬂiggﬁ)t EE Ia&t@w}hf 5’e§1§tl H?@M‘ZOEOTHé;dréerﬁmb&@&lst layer 204
absor be e iC S r ent u

coppaatsr & SPPEUELT 110 e sk 2o BICeen A Trygeoe. an

apﬂ'ﬁﬁlhﬁtﬁ!y i20 hrayeferra%absdﬁnendmmgc;@nnétbmcIgamr lapee08 aard an
the wit at distri

vyt Qa5 2SSt B ot TR QN ol 2os

depdiiteth onahe tsebsmm 202 Ibycrathy fremugnaeygy(Rfe diputtersigagkile the metallic

gIa%% rlééé li'bg @é&r tﬁﬁ&w{he%\germﬁ Itebtng n%}e'? %@Q%r leécp 'cBr‘?ent (DC)

used
magnetrari bpmlleung ofheabadkgrouhd Ivacmtnaw abxam 1n§><110ﬁen!mrrandt tlbe ework
of the st.ru re.20 Fi. g
Predoigect 2BfT Aol ERE T R 76 g 380G o8 BPdbout 15
scah fibwrate. al ong t he tracking d| rection with a 3T | aser
pul se. The graph 300 shows sinulation results of a
tenperature profile at an interface between a thernal
abs dhetowen dielegtsic layed 206 isased Veadjast@n. optical prapepi of thermedium

ana I?@ c{{l&@ the® ert‘é%O% $he tréﬂ‘:ﬁ:ﬂ% P\'aeI Qf Bwbebi Laleéﬂﬁ@@éayer 206

€ pea enperature at the Int er ce I's about
cam@@cm tiE gnge oBBbawoWs te agewdh Theachye ﬁyrcm PR isgused for pattern

formation. The active layer 210 has a thermal conductivity of about 0.01 J/mKs to about
500 J/mKs. The thickness of the active layer 210 is dependent on the pattern
requirements. The thickness of both the active layer 210 and lower dielectric layer 206
can be set within the range of about 5 nm to about 300 nm. The metallic glass layer 208
functions as a heat sink and a pattern generator, which absorbs the laser energy
defining the pattern shape and size. The thickness of the metallic glass layer 208 can be
in the range of about 5 to about 50 nm. The heat absorbed by the metallic glass layer
208 eventually transfers to both the active layer 210 and the lower dielectric layer 206,

depending on the laser power and the writing strategy.
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tenperature plotted against a distance al ong thickness

direction. The graph 302 shows a tenperature profile
woboobhevact i ve | ayer along the thickness direcP@D8G2007/000329

forms a bell shape. The tenperatures of the active

| ayer are about 300 OC to about 39Q0C. In the exanple

enbodi ment, the energy beanPirradiates the resist from

either the substrate side or the side opposite to the

subsfeh@dtribliieh RERlal Wbol! ARGIURREICk WS X Sfadter aaﬁ"eﬂﬁfgnﬁhttem

k b b h h
oo R WG coR PRGOS BB 8 G IPAT Sk Afrugsihe g power and
writisgTstiagdoy e=uareeagamernt eﬁetbndil (rF@M)mst lueed abl sigtutgte tefnperature
t t
dlsirg)H_B%r} 6}3 zbﬁ\ @r][nestt%l gans %e ruc l?rg n‘P f ereg ét%l{rrugtuﬁeaéOO ‘izgg%ﬁe 3A

ayer I'n thrs area
shdws Regnaph 300 of sinﬁnaeecbkmepenatutdweloae@ hagaglst at @std[ma tatmng the

traém&??&?% 'vﬂ? ta 37 I:Sé'é? Fssh"rﬁ‘& tq?d’gﬁanossrfoWsrg?rﬂulg{rg}leresults of a

erns ar sequen
term@m@pn@ﬁlﬁ qsranw@sfacerr@etvma@tmalsatzeernﬁrpn layt and an active

lay&l. %Céa%t enCh t'h@ 't'é?HﬁerQ@Fé SisMBuA foRRs Q%\éﬁ‘%é’&‘e&\tﬁihﬁ peak
ed fn

cont r ol resist structure and witin

teraperafieegat the, "‘é@!ﬁ*ﬁﬁl‘seafé%‘bdﬁ‘? "o Fioureo B £havs AgERA R of pifaulated

W&hfe%l&te&%aﬁgt 4 Bl§tah§‘éhlﬁﬁg ﬂﬁdkHézis\Hu%cﬁ’&p TREGrdpA 30BERows a
of materials incl ut not |limted. t

te"ﬂﬁﬂrﬁft@r Q{gﬂgtoéthepqﬂtlvm%ﬁyplo%tﬂ}?a@ peasls‘éjlr@mf))rms a bell shape.

TheBniguigtuesRetheclcaid layerGinabaut 360 tG oaboRB3FICC and
glass. In this enbodi ment, the substrate 202 can be
di sk-shaped with a dianeter of at |east about 180 mm
andlrethe I@ka)kpiesembbdmmmendbgﬁbeam treadabasithe fesBt from either the

su Oérages%(geh alp t‘?"ns’ls]ijl gorpgh?{%aqﬁgRer] gubstr sh%tll% Hpeﬁllrc sszlggﬁr%l?ks as a

odinen
thermglesinkz® @ndfabisbrbs rths ieperggt thecadtive |@©Olscmt¢1bju$hhl@ the above

of dj t
LA S o bbb 80 68 e ot o
tergpesatore drstebufen deomparg Figsise Bk thedlempatatyre 8 thegaediveriayey in this
are%ldg @ﬁ&gfﬁt@lrgﬁlﬁﬁi\(fd'ngé?éﬁce%rpfﬁg dtdhirgy I%’f@aﬁ‘ﬁestoqlﬁtle 'ﬂhnezﬁi’hg g, 50 the

m xtures or

etching BESapas (PETGY 5he elpullindrARtEms| §ra cisierigiipyeioved by a
de\ﬁil@dﬁﬁ‘é}ﬁ ?rd&@ssPtT he éﬁapé:’énd dize bff the ldfscre®d 6r co-ﬁhm@@tplabt@rns can be

0 can be nmade of materials including but not
adYar¥ﬁqeeaS'¥ oceptided finely yqeesist siipetigeant weh, Bigalegy I, example
embBlitlen®lof thathvdntib®e, Ssuch as ZnS-Si 2, AIN, Si 3N4,
Zr2-Si 2 A selective exposure process is carried out
on an exposi ng apparatus. The
The substrate 202 of the resist structure 200 can be made of materials including

but not limited to polycarbonate, polymethyl methacrylate (PMMA), amorphous
polyolefin, quartz, silica, ceramic and glass. In this embodiment, the substrate 202 can
be disk-shaped with a diameter of at least about 180 mm and a thickness from about 0.6
mm to about 1.2 mm. Other shapes and dimensions of the substrate 202 can be used in
different embodiments. The metallic glass layer 208 of the resist structure 200 can be
made of made of materials including but not limited to Al-based or Mg-based or Pd-
based or Zr-based metallic glass. The metallic glass includes at ieast one metal element
selected from a group of elements of Al, Ni, Gd, Pd, Cu, Mg, Y, Zr, Ti and mixtures or
alloys, and may be partially or even completely replaced by elements of Pt, Ag, Pr, La,
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exposi ng apparatus is a prototype optical platformin

this enbodi nent. An energy beam such as a | aser beam
whaoovngioes wavel engt h of about 650 nmi s irradi BAESGENT/000329

the resist structure 200 fromthe substrate side

through an objective lens with a nunerical aperture of

about 0.65. The laser beam &an irradiate the resist

structure 200 fromthe side opposite to the substrate
Hf2(2etcNTRd Betveaan di 10BRInSbe lnad@toh @fat@ROMEINBIAY Dut A6t limited to

ron_ beam or n bea an. be use
xS IR o caie A mepl Ve Miiis. SN dse-8CE RN, s,
ZrpeBiar bonat e substrate is about 1.61. A laser pulse
train is used to control a |laser power |evel such that
t he exposed and unexposed regi ons correspond to the
pat tPeselettiye bexpgsurerprvesss iFharredseut @Dmremasinmamm The

exff,ﬁs'rtqo% atrglﬁs |saasﬁﬂ'oto%ﬂgs§ptl&sl IJt]fothJ? ﬂ)cﬂilrﬁ{arquﬁﬁ eﬁergy beam

er power e con ree [evel
such @s atlagerhear payiasra Payelengh of akeut @éﬂe\m iScirradigtedipp the resist

str@&ueo‘fﬂoﬁfw’@fhepslﬁbstpété Sidk hﬁoﬁg%feﬁ\r &%@cﬁv@ leRS kvitd %rr%HeﬁBal aperture
is in the range of about ns to about 100

Ofﬁ‘?éu'l g4ai ﬁ@eﬂ%&eérbeam & H&di'att‘i’ dhe iresigd eytiuglie 890tfﬁ’é“ the side
opbbdi@tto e Sbsthtel202Th SthaR @mbb@mehisSin &Hé%%dﬁrﬁéﬁt& DanTé|ectron
he consecut ive guhse du ati %hﬁl S dgfl n

bopl granpHECTAI " B VS PlaE Shine et B ol rerraiiie (et o the
pofogibbige Bubstratelis abouwaM .65 - MeésleﬂedISbytraTn & ué'ehetope@krol a laser

b b
ol BL Rl el WA A SO wieaBPind B5ipBS Sh PR retbagm to
beqjenem,ed”rﬁ'de laser powdrhwas reodudadedrionform Bwe lasergedsedtairab®stiown in

6 Mhepésgl po(‘\'bpe? Joe%oml Q%t Ft# @ev&gqqg tﬂé ée ower P., the
bR e

['aseér ‘annea SuUccesSsi ve ex ed
erawgpawm P2 Bad ithe b@ttqmedoww Rohé lagwerp@senoeobléqkldwawn whlch is in

th%ﬁa‘?&gb %93%&& gﬁ%‘s% Lab%\%é%g 'I'I?e%l@édi&ﬁ%se%lsﬂ"%mhr?s defined by

ur es € Cross-secti
thexfishBulsh ehit Tacioddne &tst PURe GaraoniTs The Fopsecelivanpilee duration is

defRRPR ’f‘em’hlclﬁs%ﬁ@ @Hﬁ@ﬁ‘ft alduP8.2% %o h@thWT ﬁﬁéflé%'i eB8lingYulse

I nMmerg the_exposed resist in a chemcal solution

dugafien '%%efae%w T of TheReal @oVeIH)w &5 fresepewerP.1ard dhe bottom power
P, S4B ashob& N tand td’;bﬂmﬂ'édséﬂcbfdir@ntd § ratadbrh lsb@&j oPknd hiedium. tIR this

a HF to water ratlog a\&g Wg (il
emhodimintreine i€ Set Akakayt ¥8 MY Fpat %t?é)t"’t 1 Thean ﬁgét glpout 1.4 mW.
AfRb@isbr Anrfealify, abendin of Messd%p@@dsmregmn%fm4pﬁfdr&feﬂ in the as-

RSB By B st el ofeb BBl e bR e BB, 1

Figures 2A to 2C show the cross-section along the track direction of a disk in an

example embodiment.

A development process is then performed by immerging the exposed resist in a
chemical solution such as a hydroflouride (HF) solution. In this embodiment, the HF
solution is a diluted solution with a HF to water ratio of about 1:50. In other
embodiments, the ratio can be set in the range of abopt 1:5 to about 1:500, depending
on the pattern shape and size. The ratio is preferably set to be in the range of about 1:20
to about 1:100. A pattern 216 is formed in the active layer 210 as shown in Figure 2C.



10

15

20

25

30

to about 1:100. A pattern 216 is formed in the active

| ayer 210 as shown in Figure 2C Figures 5A and 5B show
w@r@ae9ior ce mi croscope (AFM pictures of thePCT/SG2007/000329

generated 3T mark pattern at an about 8x8 mm scan and

an about 2x2 mm scan respectively for an exanple

embodi ment. The height of tH@ 3T pattern is about 60

nmand the |l ength and the width are about 383 nm and

about 3 13 nmrespectively. Fi gure 13 shows a

hemat | t 1300
For FELESS e ATb SRS Pt dTpe dubinsohs, LArTIbpeygs of the
geﬁ@rﬁa@dnm’ m&RTBHEem 6Pan abddf 8RS it desn taheé 4 aphlitcad2 um scan

user. erface for the user_to contr
o TRl Iok 8 AR DO T e bOOM M B0 et S Sbpts0 nm
antl litee [poigth @ang eeavidthGire 28414 388 hmt dnel apened 1Bt ino respéctivelyt | ng
pul ses via the driver 1306 and the | aser diode (LD)
1308 to wite on the resist on a disc 1310. The PC
130Figures 63 sbmwmauiscmmmvdiagnamrué adioplica wrging mydtem 1300 for use

in 8&1?&?@?9{3 o(‘ B% r{)res]eﬁg'%\vérﬁlo &érsﬁahggmﬁﬁért(gfzfl 36?§0¥|des the

servo system 1
granbmat H$RY l@tﬁrdaqerfacthen@ef 3 Wmérobqbvtaquaﬁal piritiRg sysiemd 398.1Bhe PC
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| so coupled to not or th espln
v'anﬁbte siver3t396\ang tmee@s%rc@'wﬁe(@)g@%rto wateacmhégaﬁst(qnl %xsilsc 1310.

The Y 80284150 é&ﬂrﬂuméa'igélwﬁ‘ﬁ‘ the' @ &‘F&ghal%r&fe'sy&r (OStP231 228 ontrol
1325. Tthe spindle nptor 132 he slid rm*or 1318

ot pgrtaier theeoPueAl Ming Sestem Tho87Tve SEHET A5 ivsed for fiepusing and

tradiklﬁgl inlthd Qptidadl 9kkdirhl@eaﬁj0‘rﬁ16| is @bupldttotBE DSPSYBIReThd. 8drdo system
mits

t f t d dhack .
131 o SRR e so” e S sl Rrip) HH ppectie
diditaktoagpiaiogaé (IMAG kovertersd! 3131 6321 and dspedtive dapdrs 0323 kod 1325.
Ttl%lqutB(rBé clzr%létgr gglg %ug tr1 e%‘l“ [ %gotcfxo 23%: mgfov?jgatlhe 1 %’g\?nté;:q %Hd linear
traaslafiaygofethé alisdi ‘g‘iﬂ)aJnd(eNH@) commn\oéltheesermzﬁstem 4. DsPLD 1308
t
o e, RGP Gk loBLR I, WS R 1520 1RSIREEL A o)
13 obihe aiptical pickyp Beﬂdu‘ta1§rprQM1ﬂﬁérth¢l eat!cat tfoceieqtniogt feedpack required

fOfCRﬁfé.igf%“d.e%CtI&ﬁpﬁ{f ﬁBmiBZJ WO caffied 9|fa S P FIMG $32658H an
mne t i ssolving rate of the actlvelayer
angings foigitah@/2) copvertgid 32318“9?@9? 13¢er with a

t hi ckness of about 100 nm was deposited on a silicon
(Si) wafer. One set of san;ﬁl es were anneal ed in vacuu

at é“?%‘ﬁb@ic'é’f dectiny thepeatieTensEstion s Msciiferqacerin sissaling rate
of ttile hxe ehieEhisSRL HFSOKER Undet Meatid@dapesitt @l a confidential

experiment, two sets of samples were used to determine the dissolving rate of the active
layer material ZnS-SiO,. The ZnS-SiO, layer with a thickness of about 100 nm was
deposited on a silicon (Si) wafer. One set of samples were annealed in vacuum at a
temperature of about 400°C for about 15 minutes while the other set was kept in the as-
deposited state. These samples were then dipped in a HF solution for different time
durations. AFM measurements were subsequently carried out to determine the thickness
of the active layer 210 after etching. Figure 6A shows graphs of thickness of the as-
deposited ZnS-Si0O, samples and the annealed ZnS-SiO, samples plotted against etch
time respectively. Graph 602 shows the thickness of the as-deposited ZnS-SiO, samples
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state. These sanples were then dipped in a HF sol ution

for different time durations. AFM neasurenents were
wepseegquent | y carried out to determ ne the thie&kneeonb00329

the active layer 210 after etching. Figure 6A shows

graphs of thickness of the asdeposited ZnS-Si O 2

sanpl es and the anneal ed Zn$1Si O 2 sanpl es plotted

agai nst etch time respectively. G aph 602 shows the

plotg@g I%Eg.tﬁ&;tﬁ] tu?@ %g@%reéﬂﬁﬂﬁﬁ' st;]wsg% f‘é&h@k@%hcﬁ@f@bﬁidéléﬂmrﬁj&oz
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contr ol pattern ape nd size. The rati o of
di ssolving rates can be in the range of about 5: 1 to

abo W*Lrtﬂfgoa an%‘ﬂ'\ b§tté?ﬁ gligscbner itk EQ\%IJ&\@J Brobéssail Qir'éferred for

to about 50:1. Further, a snooth pattern surf

Paﬁ‘?fﬂ éfanﬁﬁé aa@\mseﬁ i nﬁegoaﬁt%eégowgg* sEce r"aaé/d'"%?mﬁ agw éﬁeﬂuency
nolst 3afedy amstt PB&IrR IquBKtE PG @t I6BNshokvs! gregs mdnaee rdt@liness of
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e RO B IR S P ) 27 e G BEGIRBEd coaist
timef re§ gretivasy. @ameamm&e%mce adqgheessmimd dedeponital 26-SiO,
w830 58 R0 52 85 b RS s o o
anaealekeao?a@gs?mﬁeﬁlﬁnecsagm;swtqm tone. ddcagae nbsenegdcrom graphs
[
b 15 03] 8 8 BRSO ChRECEAIATIR Rlrshl e
thdnt thatiof the whwebde&ammeﬂnTQanglﬁgceswgan@sslegthem;[nealﬁ@ samples
rerf\gih%@ﬁa \{‘&U@ QRer o%@&mﬁs deposi ted sanpl es increase
Aoter than t t

at o e anneal ed sanpl es. The surface
roughness of the anneal ed sanpl es remai ned below 2.0

nm gf; Péco&rﬁgecﬁﬁpﬁ@ Giventols that FHRTABAILS RN didt8es quenched from

inventors that formation of netallic gl asses quen

the mekh refigs pinaiPalleonethe mbr'wctopaq'npgﬁ%nthﬁﬁém!?at'w 5 'P%tastab'e or
eqﬁmmﬁmﬂa%@b@sééﬁrﬂﬁsﬁsuéIlyﬂ.icﬁﬁa}vé@ b acstafliehthing ]tdw))f the
o 436 PSSt L Bl SR S NS R o
T, Fel, ChoHad NMbasedVmorphBus @lldysLisaviehsarindsyntressirbyl , sugeessfully.
meFt)(ajII_ic glass as a recordable optical media has been disclosed in WO 2006/036123 A1.
However, metallic glass has not been used in producing lithography resist technology.

It is recognised by the inventors that some empirical rules such as the confusion
principle do not apply to the giass forming ability (GFA) in Al-based metallic glasses. The
glass-forming system may suggest alloying approaches towards metallic glass formation

and may be necessary for successful devitrification strategies.



10

15

20

25

30

, Ti-, Fe-, Co- and N -based anorphous all oys have
been synt hesi zed successfully netallic glass as a

wo emmond@ind e optical nmedi a has been di scl osed i PCEME2007/000329
2006/ 036123 A 1. However, netallic glass has not been
used in producing I|thography resist technology. It is
recogni sed by the inventors hat sone enpirical rules
such as the confusion principle do not apply to the
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saffieC limet suppressingr aapleaties of bihgh alwtaliney (roeth&iablemos efuibbrium)
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eqﬂ@?ﬁaﬁ%%ﬁ&eegto# 5;@%@59@6&%&{?&&44 intfie @or“bﬁ{t cﬁﬁr:‘a}ﬁeé‘gf RPchSt % by
the inaertors-showghatsbe temhary @ompomncbplmmflchew éUwr%glserwgtry of Al
Niré“lf:l'ﬁ\@tdtﬁ)é? Bwﬁtté}ﬁérlngo*%agllé&s bﬁ‘a‘%ﬁg ri‘r‘??1 Alarghere&{)n are. AI4 NiGd ,

briu ase ram d

equ
AT 35 G881 M2, GAT - M2 (ICE o NNiGesh ates pasepted ot Plgrations
be%@&%%é @ R oBrih thBHhESETRAS bf duprdnt iAfeagst Of 0<Gd<33
. % Recent phase equilibria studies of a partial
500C isothermin the conposition range of Al 70 at.%

by Wllﬁoudh\/tﬁélh@ﬁﬁhcsdwhﬁaﬁfbbeﬁ B@pb%d’@d é/n @fﬂlﬁﬁlQQ&ﬁdlﬁb af’ium in
as che

0 AR BRI RIS GBS RIEEHIoT ATORIOHS G Sutiaasg i, the use

- of afetaliiy dlady 4s0a resfst had\ndt Keda dascRdse& Nr AecGgdized iAltRe Pliéscart. In the

exgagle%m%o%dmgr{ts,e of’Jl t%%epo ésee%t \Mvten %lr'I]t the mgtal?c g%ss is used as a thermal
absorb layer in the resist. However, it is noted that the example embodiments do not use
the known phase change effect of the metallic glass. The use of metallic glass as the
thermal absorb layer in the example, embodiments has a number of advantages,
including providing a cost-effective approach, high performance such as high selectivity
& high height to width ratio, loose environment requirement, reliable & stable compared

with existing thermal absorb layer materials, such as GeSbTe, AginSbTe.
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because they do not occur in the phase field of

current interest. Al though the netallic glass has been
WEL@poswos as an optical recording nmedi umin t heCPsGINT/000329

art, using the phase change effect from anorphous to

crystalllne state, the use of netallic glass as a

resi st has not been discl osd8 or recognized in the

prior art. In the exanple enbodi ments of the present

I nVent hkyinert RAbaBiRN I 6 @lad@gpd Sopticald paﬁfoantb@nmdd with an

oS B8 oo S e 8 s 5B e o

anchxpogirg pidcess orofhetdnﬁadimtbfahé Izegihaasal liflographe redst structure 200

of g;%gr,gp%é(in g%%/g 8?@2:%{?%5 ﬁ%er rggﬁl ir a(? 335 ?ne rgvlg{ f{'cgnﬁ1 g1te polycarbonate
substcdteldida @ 1@ rabai rdiatign ape{edsaf-wbﬁte@:% wes. anprlamrtbealhn agh irradiate
th® el%% %tr Ig?rp&Sres lﬁ%‘ ftom h{th sﬁgl 8§5dsﬁét % ‘?heb'sggstrgﬁ% gﬂ%l ﬁno 8?ther

['00se environment requirenent
emjrogdimhents; dmpthee dmbpdimentsi an ehgtrqrhmampr abmtteanaw be used in

plé(;@angﬁ ét‘\éa'a§er ] TR v@ﬁ.étl}%ealé%\ng)ig%ef 5 00t MW, The reﬁlst is

i ment, a protot pe o;él cal platform equi pped Wt

dimdarpprfb%@qilﬁtoelvyth%u éat'%m@baw 69 eceanfipuquslige ppttern
is §hted of he\Wirfade HIARE MealcYkdtdyeRRO&X POSI NG process

on the surface of the |aser thermal |ithography resist
structure 200 of Figure 2A. In the A continuous |aser
bearm Tsrricaét atgeshzd g@"nthﬁ&isstasérf mnnhtaheomlpyc(ﬁmbmrmat&)rm and the
e, Si 1 rotation s out
oot Sabbeniged inthd Rpaibal SBRE Sneefmenis bivy 2 bio
dnf%ﬂéhcfer ahetdoatisicde lagposesea tcondthet pavxst atahy B2 innthe writing
pr%ceg?n \gfperrbﬁ'ldl [gﬁseog‘ mltgagg hevran Equ qugquw%r ner,ee ag?%)égger pulse
dutmlamanfr pelse ahifi duardg t}bea\kltlp@mess&amtowatm Bigoret4. T8e pivdk power
for mrE;ea?ﬁh%e }o‘? tgh %ggéjd éifr}ggsu &trﬁfél (H:H Pﬁhfl!édaan'a'%ét&ed for the

atio O ont1 nuo I ne
dessecg@at@rratFed conpleteaessu itfisaaleo oeted ithat heeauseithe @}Jbétr@te is rotating

wdh%‘@ 5pif@8 mdtbr .h%hé‘%ﬁ% % t%?'nottlli@ p&tRIMh 'IlﬁEJQLbssﬂll%?ﬁ{e ihfihe whole

prototype optica rmand the pulse train
subﬁmte sufrcpeBuytdrthe rwcqon@t@é@,'agei shewndx hedligirenthdinesppgars as
a SRt indi g difference. The continuous |aser uses a
constant power at any tine in the witing process,
while the pulse train has the variable | aser power

depﬂmﬁfeagﬂehbﬁts% g&riedioat fop theadslepipkbs eneiling. tF.giuéé mg and
rocess as shown in Fjiqure 4. Th

e witin
7bp%5wrdfﬁmng%q?tﬂ?%b[‘eawe( hat ?%?H?H'tﬁ%slﬂ%éaa'bﬁn?e ﬁE 3%0‘“ 2x2 pm
scanl Rssbe@ively Gan bRanié efbé@ithenn Thanbighest thelind fiftern is about 112

nm and the width of the line pattern is about 375 nm. The resulits also showed the height
to width ratio of resist using AINiIGd (i.e. about 29.87%) is better than the resist using
chalcogenide ‘semiconductor material GeTe (i.e. about 21.95%) and Ge2Sb2Te5 (i.e.
about 21.40%). The height and width of the line pattern can be varied by varying the
resist structure, rotation speed, laser power, writing strategy and development process.
The height of the line pattern can be in the range of about 1 nm to about 2000 nm, and is
preferably in the range of about 5 nm to about 500 nm. The width of the line pattern can
be in the range of about 50 nm to about 5000 nm, and is preferably in the range of about
100 nm to about 2000 nm.
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desired pattern. For conpleteness, it is also noted

t hat because the substrate is rotating with the
wapingdiwierot or in the witing system the patteRerSG2002000329

is aspiral Iine in the whole substrate surface. But

in the mcroneter range shown in the Figures, the line

appears as a straight |ine. TAFM neasurenents are

carried out for the devel oped nmedium Figures 7A and

7b show drawi ngs of the line pattern at an about 8x8

d,_an about 2x2 mm sc respectively in an ,
ex aiiEe BRSBANSERENemalls JrRVDRET BrObHIATET therat {tdiehy resist
strattoke 8m¢2Thm resist istractuied 800 cdontphieed ianeambtuemtel)i 9.6mm thick

po&ggrgﬂn%étssl gstg?te %Z)gr es %g’aﬁglrnigﬁﬁe?ﬁty\%dlatégrewﬁsh qs é@fteg% to as

indrgarbetesist layéra04t Tige inesyasic resisttayec barhpisge an deproximately 110 nm
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by%@%ag%g% aneﬁﬁ@' Tr% Mc@{;,%{,ﬁ@wcuunq rsf@ooham%@f mBROSHd the

nm t'o about the |ine pattern
wqclanrebwe i$ alipgt 11 érﬁ@@b@ﬁ 5&56@% mser Wfth Arasshe QrocssRiY gan at about
1588minswis@ef erably in the range of about 100 nmto
about v2"00‘% nm Fi gure 8A shows a schematic draw ng of
anot her |aser thermal |ithography resist structure

800 Suﬁlﬁ}u’éﬁ@ at r&bfyHS"oHﬁ&l BRBoGPBRIipFERSwita 650 nm Iaser and an
oxi mat e pol ycar bonat e substrate

02
Ob%ﬁ’%a'eﬁ%\f’"t %P% Né’e'ﬁ é’?%& F%?Pﬂdél?‘e?“ RIPOBIAY PEOCEES an Ffz@oshtffacagf the

reélﬁ(%l’(rgatﬂféJSG(ESNI iaterl BT m&@étes_ﬁl‘i@ rémrsﬁaétu% 80DSfréih tHe’islthstrate
eS an

. 110 1 Z S
sy A 15 MPagBIEnG e Haser DEgT e MBS CorEaY PG g e side
opﬁb&t@rtpﬂhmﬁublﬁlrbﬂe@dmﬂﬁbﬁief e?bgdnmﬁtsl Ryﬁhe@éﬁbclﬂii‘rderaﬂgafzelectron
r oxi.mat e act | a
oo R T D raR By hed Rydreedans ek el (S HBinihe a onain
of sudzessivt expdoad te!g_loRE 84 p fortned imtheweéthliic glass lapera8(8i by heating the
m?éﬁ@a%ﬁé%g’y&%ﬁ%ﬁgg Fdrc]: uzg Swtstcﬁ@elbgé?ﬁh q—i@k&ﬁl‘ic{r{ With a HF
to waten gatioi of abod 501 F@smeo&? shcwer a galtero |8é6 jasmied on éb,esaur@ce of the

mé?gﬁéjgla%s FayeP 8BBOYhe 5\9@(&[ aRd %v@lﬂac{f the td%ttérn 86 LAF be varied by
procéssing gas at about 15 seem flow rat
varying resist structure, rotation speed, laser power, writing strategy and development

process.

The resist structure 800 can be further processed by immerging the resist
structure 800 in another chemical solution, such as an alkaline solution. Figure 8D
shows a pattern 818 being generated in the metallic glass layer 808. A new pattern 820
consisting of patterns 816 and 818 is formed. The thickness of the new pattern 820 is
dependent on the thickness of the metallic glass layer 808 and the active layer 810. The

new pattern 820 is formed on a top surface of the lower dielectric layer 806.
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Subsequently, a prototype optical platform equipped
with a 650 nm|aser and an objective |l ens of 0.65 NA

w0 20009€d1¢ 0 conduct an exposi ng process on thepeUsGa02000329
of the resist structure 800. A | aser beamirradi ates
the resist structure 800 fromthe substrate side 812
in this enbodi nent. The | asdP beam can irradiate the
resist 800 fromthe side opposite to the substrate 802

i N eirfderootirtedbwenéislectrid I@}eh@DG %ﬁb@ﬁé ﬁEtWteSIaye'xlwa are made of

tron beam or, an i be use | ace .
2081561 B8 ronaanuersi 08 a8 W bHEemPErET R g oledEta e resi
str@et@sso0 in aigH HHSo&ilén fragure dEishowb e ;rmtbai 822:beg]rh@gmelrai§!e in the

tallic

808,. h
o o B o W58 S P 3iep Y 16, B ¥ B ger 210 4
newipatterm 8§34 doosistirigesf patiérne 806, &iBand 822 30forRed)Uihe tiBiCkness of the

t h r e
ne\?{&? \@% rfasﬁ)f‘lﬁsagé ngérgirérgg‘%w#\*gﬂeﬁ% i tﬁg Iév@% dlglg%thg‘ﬁ?yer 806, the
mepallia glpss @w &%armbtheaacnwlaw & )Thﬁ dererstiern 824 @cfpunreéi ona
tod Qh3bé BtnSRGRLhad gger_power, writing strategy and
devel opnent process. The resist structure 800 can be
further processed by inmmerging the resist structure

800Tha ;ﬁﬁ%gq{ancﬁéﬁ‘mrﬁ&i b Qblebively retttivihgahaNald! Jf datm attern
sol ution. Figure 8D shows a pattern 81 bei n

ge@t—‘gﬁtéqrhl@é%{ [I'he pﬁ%thﬂg{ @pw@em@ "lsa%f"é‘r \@ged Rg Héwg a variety of
dePabgiRy SolGRs G@rﬂﬁé abvdl@bnﬁ@‘ prlaaéstserrﬁé h&ight ¢Enike Bétﬁerrh 8an be in the

t 82
gy | B (O RBoR 008 s g e prieray 5 Pedate. G ebpy apm to
ab8@8 0@t Niee avitdth wEtheayatterrBddh bd Inetheerwngmbt ebaut SRhm $o about
surface of

sopBRMesne rietbBy e J6iiac Y ebP B AP tolHbBh AR v, Y o

active |ayer 810 are nade of ZnS- Sl , the resist
t i .
b VR R bIES AEOERE T8 LIRS Gy s

ares hmfoa tp@ac@edawmfbm mepigie desciibed abave.Hang éam affecting the
pagé:zl_rgl n Bn iSH&e dﬁfgﬁencmw:&iséoﬁmﬁ Pt & the n‘tm’e BaddLbRlectric

6 71 e active . new pattern
matesiply it Hﬁgsobmorpam@r t dregtmeg.ginm gonfigientjal eﬁ@?rmt Tsets of
saFnEleQ kit®8 préfardd'® H¥¥nited IR dissdRing fatdl Bpﬂ\'édfﬁﬁlﬁe %@séch Bielectric

i ckness of the lower dielectric IaY
maiestah Wit ée%gaeafs@ tP'ag?%fPt%s‘\ Aiiger tased dieiselic 'a%wv"@@th'cm%ss of
abGtﬁWI Q@aﬁm Gﬁégkogéﬂbsllgéd beransidwarer. ar Hegmstswfbame sots dflamples were
r at T atterns, can be Y, .
anGEAIR 1T PRGN At PG P PaPTBRELh, J0iGh A09°C. 600°C, and
800°C for about 0 minutes respectively while the last set was kept in an as-deposited
state. These samples were dipped in a HF solution with a HF to water ratio of about 1:50

for constant time duration.

AFM measurements were subsequently carried out to determine the thickness of
the samples after etching. The etch rates for all the respective 5 samples of AIN and
SisN, are calculated and plotted as a function of temperature, as shown in Figure 9A.
From Figure 9A, it can be observed that the dissolving rate of as-deposited Si;N, sample
in HF solution is about 5.5 times higher than that of annealed Si;N, sample at 800°C. In
addition, the dissolving rate of as-deposited AIN sample is about 7.4 times higher than
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generation | ayer. The depths of the various patterns

can be varied by using a variety of devel opi ng
weoloabions for the devel opi ng process. The heiptit/S61007/000329

the pattern can be in the range of about 1 nmto about

2000 nm and is preferably in the range of about 5 nm

to about 500 nm The width 86 the pattern can be in

the range of about 50 nmto about 5000 nm and is

thdll &f @k @{n)é?lﬁa Alhesd 58 &t thOOB@?N hléﬁ)Qaangf gh@*dwsblvia@qates is
anot ner rren ni | eCcLri c.
orefeet on petsgennid Sk prflaihapa e e (Hedats of teissofing rates

caf bk iirvide rangerof about el toembeat odiescr i bed above. One
factor affecting the pattern generation is the

difference in dissolving rate of the nitride based
di elFente 98 shavwsea gedpb of aurfdiéesrothghmiewofuhei AN smgaples and the SisNg

t L i i e
B e Y
theoBis-aposited sampled zwd dheliB80 €t annaglagnsamnles wafet hele\es%déom after
degao;?]m@&ﬂ'f [Bttef §Urfarcb dﬁtepﬁéﬁgo@r'\ge b%ﬁgé fs bi@(é?fedV\ﬂoF Battern

ickness of about 100 nm was deposit on a
tramfeeand magter preparation. Roygh gudroednf mya%bmeé@w\f{@%ency noise and

} pattdrm gmalw qg%‘ﬂdé‘tto En%f@ﬁ\ftﬂbtﬂr@fen%ﬁ)lea@ﬂb @xu&&mahy rate
000C, 4000 000C, and 8000C for about

0
ra’?Q?s?fe%tloP\/%(Py tuabpy 190g!. |sglectianef aetchay bk 45nG Phosphoric

acRIH.HeR Mstdad &f BiFaés imphReserammyes were dipped in a HF
solution with a HF to water ratio of about 1:50 for
constant tinme duration. AFM neasurenents were
sub&equﬁnéd ymbadimesty oride Hased eliedroticnmatdnialst kige lﬂn@S-isl(DZ are

osh B TATRYEE 0L B LS Bonchl S P 3 Bl b over
geaerdtuqm istheedifference ihuwissbiving rate of thepeddet hased diztecticovateiials, e.g.

Zr b-%% u? ’ﬁlF Jf)ll{f g}\'ﬁ' Q&I r?e 9ﬁeaﬁ1‘[eé1ggfrgra%ﬁ£%§%}/éégfﬁrn€]&, Elggts of

| SSO Vi ng eposi
sampleg twens prepawbdgtdeser@meuthedlsmlgjh@ rate [of thet £192-FP2 material with

re%)i%gtgﬂ{ \%}p@rﬁ&% %@?R%gs 2 %ngdthlé‘ tlﬂ%e&f%@ abBUle 100 nm was

> rate o GOSIte e i s about
deposited joR@sSinyaigreFhe ﬁrgrhtoﬁavﬂqusetf Resamietre anRalsd fpniogen at

a Empetiile ofo‘abbrgﬁnfa?ély 200fc,t hsv-di $v0t¢Y i Ay 1BBbES fd)rS 30 minutes
preferred for precise control o attern shape

re%;aestéfelwfé'erta? .'%?t §et wagkeptd an\ﬁSrP@pP%ttee§t%isn .%?"tpf?é were
dipped @fa AF salueh wih 3 HFOo ak@siratiddét .aboutF: 50 Hof c&iSta aive daration.
graph of surface roughness of the AN sanples and the

Si 3N4 sanpl es plotted agai nst annealing tenperatures
r espEM measuremehte vidie fsabsequentiyheesed ofit to determine the thickness

after etching. The etch rates for all the 5 samples are calculated and plotted as a
function of temperature, as shown in Figure 10A. From Figure 10A, it can be observed
that the dissolving rate of as-deposited ZrO2-SiO2 sample in the HF solution is about 8.7
times higher than that of the annealed state ZrO2-SiO2 sample at 600°C. A high ratio of
the dissolving rates is preferred for precise control of pattern shape and size. The ratio of

the dissolving rates can be in the range of about 5:1 to about 100:1.

Figure 10B shows a graph of surface roughness of the ZrO2-SiO2 samples
plotted against annealing temperatures. The surface roughness of the as-deposited
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t he as-deposited sanples and the 8000C anneal ed

sanpl es were below 3.0 nm after devel opi ng. Snooth
weadesnicur f ace after devel opi ng process i s ppref/eG20d000329

for pattern transfer and master preparation. Rough

surface may introduce | ow frequency noi se and may

affect pattern quality. In dfder to operate in the

preferable ratio of dissolving rate range of about
safipleladPthalbenetC baRedled S&hEIE wepd befowamoehcaﬂért dev@loﬁmg bSmooth

usi n hosphoric acid H3PO4 in eag jmrove
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B rdef Y neig i og bR PR l3BNisR PR Fonel ¥ about 201 10
abdutf f08r1e selectian orﬂlae stwhantng.gr by esing Phdephonid ated Hs@dnstead of HF,
i erials, e.g. Zr2-Si X2, in HF solution

Caﬁﬁrgéér(ra%gél Ctit\pyrﬁ}eat ment. In a confidential experinent, 5

sets of sanples were prepared to determ ne the
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PrasSEbENCh de s inen e distsiy qrv@we sl dPeiefoTe digrelg@pent of a
mm«tagpéfe@p&ompsmm RetirdesRaedyer p:te@tn@d fEhﬁ%elaSanmeﬁﬁaIVWMdgraphy

res‘iﬁglﬁes&nhgg afbg?e irglﬂg({elégc? c%ttﬁﬂ t@q“s 3Re ﬂx\@ %&%/I of %e pat?ern and to
fad‘maSUFbﬂ'ﬁiEgltcS a/varserewkpaequem tontieasus pattepnitcahobe formed with a
er_etching. The etch rates

o e Pkl aE S R ep B i P o1 ot tod a6 o

function of tenperature, as shown in Figure 10A. From
Fig c t Lssal.ving :
r at fogf.ﬂr%ﬁn |£te Qy%b gg ?ﬁ\fég}“@%l \nﬁt Iglﬁ%tgPie%F bBY9used with
apstﬂpuatue@djusgnmqftre@)raing pnwgrshlﬂgmﬂ 1(anashow1 atTpulseHeain for the

intgr?rﬂ%%lég gpééo%t WitrtbFp b %’h@aﬂmeedlﬂétl&gocg Che ﬁalalnggbtﬁs%t LAY the

ssol vi ng Yrates i preferred for

- copgautiv paisepata eewer@hetp@j amm refiopding $heed: diheola@tf pylge is called
= coglt)r%f}mls\é' 8/ﬂ|fﬁ§’§ l%%gﬁf?r;h ggii@qﬁg%&l%ﬂﬁecﬁﬁ\aﬁ%ﬁbe 3t the 6Rd of the

grap surface

reqasdrshmars T cadlied pyispdgpton Seeam kesadisied acgoria tadhe recording

sp8disH ;eeg,dtrgrga%%t ures. The surface roughness of the
as- deposi tedsanpl e and the 6000C anneal ed sanpl e were

bel ow 2.0 nm after devel opi ng. Snooth pattern surface

af t ¢or dﬁweslpaaamt iDpRIF6ESY that ezt ldarued id ele WRdld Afedium stack is
coﬁtrg}lgﬁf E;cegglve eat (F i[fusmn may deteriorate the shape and size of the pattern.
The pulse duration of writing power-P,, is greatly reduced in order to control the mark
shape, as shown in Figure 11(b). A cooling pulse with duration from about 0 to about

0.9T is added before the first writing puise to avoid overheating.

For high speeds, the reference clock duration T becomes short. Consequently, it
may pose a problem in achieving effective heating and cooling of the whole medium
stack. Since cooling rate increases with increase in the rotation speed, it is possible that

insufficient heating may occur. One approach to solve this problem is to increase the
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preparation. Rough surface may introduce |ow frequency
noi se and may affect pattern quality. In order to
wopmvaiwié n the preferable ratio of dissol vi ngp@ES€2007/000329
range of about 20:1 to about 100:1, selection of an
etchant, e.g. by using Phosphorl c acid H3POX i nstead
of HF, can inprove selectivi §y As di scussed above,
the pattern generation can be controlled by varying
writihg po@et. Howslver) Qhéﬂ:ﬁeﬁﬁd«vérhe litetee! Apothg JPpechss tJ bﬁjust the

%etger fact?) affecti g e pattegrn enera‘lonl t? h
ool i e P o B e Ner Pr 8 eI, fEih3 cosfe shape
wai)atotrﬁ WithGReprey, as sdwrpinigss 11a). (t-hande:ttﬂes theraal dbberpti@alayer can

trihution in th S fsortiSreLs | f
iR enCEmeRaerees ety tratetf s pr et orred

for the | aser thermal |ithography resists described
b h
aa?ﬁ uh@ 6112 w%accs?nc%rﬂr%lc é%r&r@n&p oqg]éjr dlggéethgﬁmél I']‘la‘hography

respatStrectnre woeoma regisUsirysture 8209 @mprbes Ao pprrdximiatety ¢.6mm thick
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) I nter late s conveéent 1 onal MWItIng strat egy
mczfaanlq)eesm lagenn 204- 55@ mm&n&tr@s'ad?mﬂR%p@m@msqsaaoanmqwnatew

2onw1%ﬁe$maFé@éF&.oA MndeMefyﬁ.c @la'éz{ Izﬂ}é’r 9206 LAl %nfé?fprdxnﬁately 100
i nternmedi ate ds Pw>P The pulse duratjo

Ny thigkienS-@ila .aﬁ@vedaye;é Zﬁﬁdﬂi%'@e@ﬁ'ﬁ%m'%‘?é 1808 iselopapisd on the

suQﬁWé‘ gm b){JDCtrﬁ@grfeﬁﬁﬁ %gutﬂa@iné %ﬁé’thegét;ﬁvé aybr PZU8|S||§ deposited on
cal l ed cool i | or. controlli

0 eetGlln BGRPTRS TSR, by g?aﬁ@”%””? e, ECHAFOGIEL VAGUUBF ifo goout

1.280R mbAP8nd Bl Watg pRassEre isldb@ltiatBtoTabduns.5Re0 ebarstittAr as the
according to the reco di n%r speed and recordi ng powers.

Pregsesiag g3y Aabaus!s> semflowdals erred that heat diffusion

in the whole nediumstack is control | ed. Excessive

h di f.f det d

F he eSS B bl A28 Ear BT sS B8 SatisrS byt nm
to gb@ﬂBbg nme?ﬂm; active hayer 1208 it asaxbiot patterr fwnmmrkarwha@mlckaess of -
o BENR B P2 B b Geibt of b R A BUreRforld. Tho ftidiq Gss tayer
1206 ifurichignspas 3 dedlosinlyandia paterh @enénatpr, Whjeh hb@ﬁbgﬁ@éd@r energy
de‘éﬁ\ﬁ% ke ﬁtt@ﬁp&a?)la%cﬁh sgzlér W‘ué fm::k;ln-e% Qﬁ'@ﬁ]eﬁh rg}lass layer 1206 is in

may pose a lemin achievin
theefa‘nggtor glout éanm #ga%mtﬂ 50 601- |Thg heat ahiserbgddydhenasitaliip glass layer

1206 eventually transfers to the active layer 1208, depending on the laser power and the
writing strategy. Heat distribution over a whole medium stack is a factor affecting pattern
generation, which can be controlled by varying medium stack structure, laser power and

writing strategy.

The substrate 1202 of the resist structure 1200 can be made of materials
including but not limited to polycarbonate, polymethyl methacrylate (PMMA), amorphous
polyolefin, ceramic and glass. In this embodiment, the substrate 1202 can be disk-
shaped with a diameter of at least about 180 mm and a thickness of about 0.6 mm to
about 1.2 mm or thicker. Other shapes and dimensions of the substrate 1202 can be
used in different embodiments. The metallic glass layer 1206 of the resist structure 1200
can be made of materials including but not limited to Al-based or Mg-based or Pd-based
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stack. Since cooling rate increases with increase in

the rotation speed, it is possible that insufficient
wheabimgieray occur. One approach to sol ve thi spQI/ed00m000329

is to increase thewiting power. However, the |aser

power is |imted. Another approach is to adjust the

pul se train shape by |ncreaé$ng t he cool i ng power Pb,

for exanple, using a castle shape waveformw th PbPe.

or Z8-basMetallic Fjigbd!l whibh (i6dluddianR@st b nick felgdhent and are mainly

abs tion | ayer can n_suffi rat
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Hfg 288t structure 1200. The resist structure 1200

Ses an approxi mately 0.6mm t hi ck pol ycarbonate
substrate 1202 and a pattern generation |layer which is
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Binds I 4SS |t apparatus u
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h e33|g%;8 ?ﬁut|15 sq$n1flom1 at h% . d
t E"t ﬁ? 8 0% PeRgiR egc Tel3pgl, aPneping %a(il?a‘ﬁ'e SBICCH YR RXPose
regi(hs 1240 gefoarhed moart aédeﬂmsltem fillwolyt he2diBg tha mdtatlic glass Yeyer 1208,
08 I f [ .
as ok 251 2BrIA q Plueh Py st ad BRbARGe b Fymerging he

3P0 PAYer ependen
expeset eesistrsggeturect@datis a chemicakbsalitionce gl asi sadtion. A peern 1216

s RS SPRS rfktait f1Eta Rl H50R0C Aok Ffe BT AL O

|'aser ener gy e pattern
shape and S|ze The thickness of the netallic glass

| ayg uﬂezq)ﬁ shéw%% ﬁ(ﬂ\fchéﬁnlgﬁo Qﬁusﬁ’lﬁ‘fﬂﬂ% m@tH@)H‘ drQyenbthg %O%eswed

heat sor bed | ass | ayer
pa@rerﬂmalsuystfaft%\ﬁgwwgg tt@ alnh@@azﬁk? @@bpa'y@ﬂt #oep 1402, a resist

strﬁ’&%ﬁg'f%ee ort 1R duBstRite, W&ém&ﬁé’ réshsﬂ smctmen@ons;srrsaé @f)bast a
di stribution ogver dji um st ac

meali B oET bgopheT v g°ér§é‘?pat1 % e Stisfuels imadiated

with Gint érdkdyesbaiy Atatepl N6 ikt lited GEsistStueiuEY e, develsped to form
ﬂlggger an mwltlng strategy. The substrate 1202 of the
G oesired PAS Uct ure 1200 can be nmade of materials

The method of manufacturing the laser thermal lithography resist of the
embodiments is advantageously cost effective, reliable and stable. The method
advantageously provides high performance such as high selectivity and high height to
width ratio and a high-speed pattern generation and development process. The method
can be advantageously used in small and compact systems and does not require a strict

environment requirement. Further, the- method can advantageously use simple resists.

It will be appreciated by a person skilled in the art that numerous variations

and/or modifications may be made to the present invention as shown in the specific
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nmet hacryl ate (PMVR), anorphous pol yol efin, ceram c and
w@b@sm419k t hi s enbodi ment, the substrate 1202PpCESGH®7/000329

di skshaped with a diameter of at |east about 180 mm

and a thickness of about 0.6 mmto about 1.2 mm or

thi cker. Other shapes and dPfensions of the substrate

1202 can be used in different enbodi ments. The

e%ﬂﬂdni@mgh&&?dépaﬁﬁg fﬂc%@@h@%pﬁnher BEGPeSbf fHer InGéntion a’ls29|®adly
can nade o terials in ut not
coSGHRdSLY roq. oAt m. Batuby At s f peeets o

bedlluaBatjveudnidalot festictivae at | east one netal el ement and
are mainly selected fromthe group of elenents of Al,
Ni, Gd, Pd, Cu, My, Y, Zr, Ti and m xtures or alloys,
and may be partially or even conpletely replaced by
el enents of Pt, Ag, Pr, La, Hf, Ir, Ag, etc. A
sel ective exposure process was carried out on an
exposi ng apparatus using the above witing platform A
| aser beam havi ng a wavel engt h of about 650 nm was
irradiated on the resist fromthe substrate side 1210
t hrough an objective lens with a nunerical aperture of
about 0.65. The | aser beamcan irradi ate the resist
fromthe side opposite to the substrate in other
enbodi nents. In other enbodi nents, an el ectron beam or
an ion beam can be used in place of the | aser beam A
| aser pulse train is used to control |aser power |evel
such that the exposed and unexposed regi ons correspond
to the pattern to be generated. After |aser annealing,
a chain of successive exposed regions 1212 is forned
in an as-deposited filmby heating the netallic glass
| ayer 1208, as shown in Figure 12B. Next, a
devel opnent process was performed by inmerging the
exposed resist structure 1200 in a chenmical solution,
e.g. a HF solution. A pattern 1216 is forned on the
nmetallic glass |ayer 1208 as shown in Figure 12C.
Figure 14 shows a flowchart 1400 illustrating nethod
of generating a desired pattern on a substrate
according to an exanpl e enbodi nent. At step 1402, a
resist structure is formed on the substrate, wherein
the resist structure conprises at least a netallic
gl ass thermal absorption |ayer. At step 1404, the
resist structure is irradiated wwth an energy beam At
step 1406, the irradiated resist structure is
devel oped to form
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the desired pattern. The nmethod of manufacturing the

| aser thermal |ithography resist of the enbodinents is
wa@eodwanidgeousl y cost effective, reliable and spabb€2007/000329

The net hod advant ageously provi des hi gh performance

such as high selectivity and high height to wdth

rati o and a hi gh-speed pattéln generation and

devel opnent process. The net hod can be advant ageously
cLams in small and conpact systens and does not require

a strict environnent requirenent. Further, the nethod

can advant ageously use sinple resists. It will be
1. appAanétadbEdf denemtipg b Seattetkon 4 edbstratel, the raethod éabprising:

nunMer ous varjfﬁiogﬁ ang(or qgﬂifications may be nade

to {HEGLEERTSHUTHIRDT 8 A8 wn in the

s peaiddiatiegiedesistratracture Withuan emguay béamy ahdom t he spiri t

or . he i ' d i bed. The

pre§§ﬁ¥ gﬁ%ﬁ%Pﬁ%ﬁ?%Fg%g?Qpﬁ@¥€P§@g+MF%S%gﬁéonsidered

i n ahereiredh@cresist stroetuie (cgmprisasi \aé laasl aometallic glass thermal
ab&?rﬁtti&jl& drve. CLAIM5 1. A nethod of generating a pattern

0

n a substrate, the method conprising: formng a
resi st structure on the substrate, irradiating the

2. I eSiThb rdthatf b lcRinéd h aBineACWBErdRE 8B rediRfl stigatere (iniiises an
the irradiated resist structure to formthe pattern,

actjyedayar deperited aa themetallic glags eppahRPPBIONAY Taast a
nmetallic glass thermal absorption layer. 2. The met hod
as ainmed jn claimi1, wherein the resjst structur.e .
3. Conph Edhed b iReR gl Zamien AR ophe i dipliged resist
stradtarestotfoet e  pakisior gmpises ajohing tBe atihe lapdrhmdthesmetallic glass
aim 2, wherein the devel oping of the

clajned i.n cl
thqr?‘?g%ﬁ%?xfpé'an %égri'st structure to formthe pattern
conprises etching the active layer on the netallic

gl a ' . . T . .
4.5} e Y AHRRE 100, Wi e FREGPRRS ettt s
strigturedioafasnl thesipattegt furtheucempdsdsoeiehingethp anetaliip glass thermal
ab&ﬁréﬁ&ﬁ%&%ﬁﬁr thé%ﬁ:hf\%;%ﬂﬂ?}%&iﬁ?laz@r{ allic glass thermnal

a on layer a

or pt er the etching of the active
| ayer. 5. The nethod as clained in any one of the

5. Pr eqRE8inihad 84 BRimeR! HiyNore 6 the Prédeding claims, wherein the resist
structure further comprises a dielectric layer desposited between the metallic glass

thermal absorption layer and the substrate.

6. The method as claimed in claim 5, wherein the developing of the irradiated resist
structure to form the pattern comprises etching the dielectric layer after etching the

metallic glass thermal absorption layer.

7. The method as claimed in any one of the preceding claims, wherein the metallic
glass thermal absorption layer comprises one or more of a group consisting of Al-based,

Mg-based, Pd-based, and Zr-based metallic glasses.

8. The method as claimed in any one of the preceding claims, wherein the metallic

glass thermal absorption layer comprises one or more metal elements of a group
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structure further conprises a dielectric |ayer

desposited between the netallic glass thernal
wabmonpion | ayer and the substrate. 6. The nePdIDSGE®7/000329

claimed in claimb5, wherein the devel oping of the

irradi ated resist structure to formthe pattern

conprises etching the dieleé2ric layer after etching

the netallic glass thernmal absorption |layer. 7. The
coRBétihgbras, Ri, WdTed, ioy, Myy Yorze, Af Pt ey, Mrecg MM, ah@im®ures or

wherein the netallic glass thermal absorption | ayer
all¥$mpri ses one or nore of a group consisting of

Al - based, My-based, Pd-based, and Zr-based netallic

gl asses. 8. The nethod as clained in any one of the
9. phe metiodgisdlakinad in adyemeiof tHelyeeceelingl dlaims givizeg sinttieemetallic glass

ab ' C ' r el ement s
nGREREbISR KK o SRKp S igFae i W3 FhmE 0771

Ti, Pt, Ag, Pr, La, Hf, Ir, and m xtures or alloys. 9.
10The.Tﬂgtrn§\ﬂocP§s %‘aﬁhgﬁaﬁ élQirxf‘Q,ywﬂ 8inOthe [AaGvP 56 AStses one or

cl ai ns, erein the netallic glass thermal "absorption
mdrepba gieyp cansisting loh exjde. infirides dueriglegandearbida gf @ ety nm

10. The nmethod as clained in claim2, wherein the

active layer conprises one or nore of a grou .
11¢ondhe maiPch s BRIRS, I AT Za@hereir i apdve Hyer Eompasisgs ope of 2
gréup®haktinglof Zns-Sibg ARthN, 2, &i@j.med in claim 2,

wherein the active |ayer conprises one of a group

consisting O ZnS-Si 2, AIN, Si3M, Zr2-Si 2. 12. The
12net Tad edthad as BRinedinddidinms, hendie tied dielebtgic dayer eomnpiises ZnS-
siQaver conprises ZnSSi O 2. 13. The nethod as clained in

hy one of the preceding clains, wherein the substrate
conpri ses one or nore of a group consisting of

I : | .
1o SR E AR P e TR p AEURISH o st
comptisescbresor e wba giaupaaysisting ob poly¢rsbenate adlymsthyl aethacrylate,

arﬁMFﬁ{o%E{EP&glgﬁrf,ng .c,%agaé%%pah& gsone of a group

consi s 0 ase am an el ectron beam and an
ion beam 15. The nethod as clainmed in any one of the

precedi ng clains, further conPrising_ _ _
14. The method as claimed in any one of the preceding claims, wherein the energy

beam comprises one of a.group consisting of a laser beam, an electron beam and an ion

beam.

15. The method as claimed in any one of the preceding claims, further comprising
discrete pattern formation by modulating a laser power in a form of pulse train over a
range of rotation speeds of the substrate with different writing strategies in different

rotation speed groups.

16. The method as claimed in claim 15, comprising:
(a). a recording strategy for an intermediate rotation speed.
(b). a recording strategy with a shorter pulse for a slow rotation speed.
(c). a recording strategy with a castle shape waveform for a high rotation speed.



10

di screte pattern formation by nodul ating a | aser power
in a formof pulse train over a range of rotation
wepmwedsiood the substrate with different witi nECT/SG2007/000329
strategies in different rotation speed groups. 16. The
method as clained in claim15, conprising: (a) a
recording strategy for an |33erned|ate rotati on speed.
(b). a recording strategy with a shorter pulse for a
slow rotation speed. (c). a recording strategy with a
castl e shape waveformfor a high rotation speed. 17.
7TheTI‘T€h’mﬂ6bda§s Glhlaieﬂgﬁl ahp oaaf teepretediltecipifrse eﬂém@ said resist
n said resist structure
stfsiech mEPERSY a0 SL 5 Ao SSilille B, RRUGR dBbosiion,
elede@o bedmovacudh etxpositiorh) edemicat vapnr digposition, don ptatiegn sralttering,
osition, ion plating, sputtering, and
anH%P 5%g%ﬁon 18. The method as clained in any one of
the precedi ng cl ains, wherein the devel opi ng of the
irradi ated resist structure to formthe pattern

18CONMRhé SRSthAd WR! cl‘é'?r?é@ fRlanftae Bf Q6 PecedbYclSiisN wherein the
process, or bot .. A pattern forned on a substrate

QoD Sh AT AR AP HETE HooRM OHE JBHoEompies a wet
ch&hREIRENSro6ds8] 48y etch process, or both.

19. A pattern formed on a substrate using the method as claimed in any one of the

preceding claims.



