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A METHOD FOR PERFORM NG ELECTRON BEAM LI THOGRAPHY
Field of the invention The present invention relates

wo eooa/ovmshod for perform ng el ectron beam | it hegr/RERy/050036
The invention also relates to a correspondi ng conputer
program product. Background of the invention

Fmt VAL ERROE AR IR PR PR M LEirodRapy

the smal | est spot that could reasonably be forned by

optical nmeans. Electron-beam|ithography makes it
Fﬁ@‘i??ﬂ?ee'qvgnﬁ%ord significantly smaller pits/grooves

on an ener gy sensitive resist on a wafer for opti cal

gr el ectroni ¢ P i.cations. ng 03155532 di scl os a
Tgenreeedpvent Fé?wteﬁ A/ PR Pé;{?ﬁgfs OHREI%EFIRCVE? éarm

ligEJrbppy I EheCinRleRBoMBIsbtreratedI&d BGomrespBrhdingedmMputer program

|n($ enS|ty, by exposing each pit several tines during

PP§4Gtng t hereby avoiding the nutual repul sion between

the electrons setting an upper limt for electron
density i Q the beanms. A row of electron beans is
B@F'f"%ﬁ‘?@'ge qfthe HevandiRgi t udi nal direction of the track.
Each beam fromthe row of beans can be controll ed,

either to be gYOJ ected onto the track via el ectron
Eb?ﬁt"oé’s‘be?ﬁ‘ litRogrePhy Aes dexglopgd éﬁteéltﬁ%ﬂ'%hwé%%?%\eﬁdn optical
mfg{rtapwas T&yaragrﬂhé ghafbstt dputltRM &uld eedBon@BRUBE foriitat by
eac

tinme a track position to be exposed passes the
opFiepleBERBH BHRETAN- Bﬁa@f"tQOw@&wfmaﬁ%ﬁlpeswgkﬁ tgfreperghgignificantly
smepgamgraom bRRRnkfg\PsH RPFLrEsR R & RRfEATSH bpARalid

question.” Furthernore, neans are provided for shifting
SlacE méarRP ICPEANS-he row of beans in transverse
direction on the track for the purpose of witing a
second track sinmultaneously with the main track.

US298PILy 553 disclses dwievise ToE glfstranr beriB dithpasaply wdierein very

AN cfrPbe erﬂf@ﬁ ARRRUS haddah thteRsis,, tﬁvoeiﬂogﬁ"@seach pit
ar ranged one besi de anot her are described. By t

sgesiat EMased g WHENG dherebpctvoisting Hee Ffﬂgt@'rreau§!0rbla¢\t\/\@@n the
el ¥R &RttilP aRMpBL LM r RRAEH ®tRsity in the beams. A row of

electron beams is arranged in the longitudinal direction of the track. Each beam
from the row of beams can be controlled, either to be projected onto the track via
electron optics, or to be scattered to an electron absorbing position. The control of
the row of beams ensures that each time a track position to be exposed passes
the projection position of a beam from said row of beams, the beam in question is
projected onto the position in question. Furthermore, means are provided for
shifting the beams from the row of beams in transverse direction on the track for
the purpose of writing a second track simultaneously with the main track. Finally,
several rows of beams arranged one beside another for simultaneously writing
onto two tracks arranged one beside another are described. By this device one
and the same spot on the master disk can be "exposed" to an electron beam from
the row of beams a number of times, wherein successive electron beams from
said row of beams are used for successive exposures. The controllable means
make it possible either to direct a beam from said row of beams through the
aperture, similarly to the process of "exposing" the resist on the master disk, or
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the row of beans a nunmber of tines, wherein successive
4gdeesr on beans from said row of beans are used for

WG meesssve exposures. The control | abl e neans PERBKRI09/050036

possible either to direct a,beamfrom said row of
beans through t he aperture, si m'IarIy to the process
t he resmhﬁont

g ra 81 RE5IAY bt iRt b RS clp! bl e pifetebf not
e&b&smgbﬂ&saasw‘c onrt(hta raaft@s Al Iih ligis mesh redr nm, drivaremsigra very

H & t IS hensured tzb)g1 rtié sbor ¢
Shg Séa?%’rﬁ [rae’ ﬁng%?Qefar FET BERIPUER P LF‘rEesdﬁ Kgbeam o
ele!tfﬁﬂoﬁts ivlilst @Saﬁmm‘ntl%@ﬁ(_f] o8l "wRpbsureairfef, fih Paetduiar

sultifsEiahtD or SHITRARE s PO PRSeUfilE Bigp. fande achieved
bwmetdtemglagmhc.eaav |geatmheaest duanseinetiel i 8F beams. However,

(B sl Topgigave obrel BELPon oD aRpPF L FSORBIFRdPhod

n®dnUARA06A & 2rRE fbsoptse maxten@igié.act uring tracks for
optical master disks. WD 2006076740 di scl oses a

rel ated multi-beam synchronous raster scanning

Wthzfa)@@oaeMo glselopas bhalatbd & et BYRGREAOSs Mht&scanning
enerates electrical signals re resentlng a desired

éﬁfﬂ\ésbﬁﬁﬁb'i‘ﬁt#%d‘éﬁiﬁso%%‘?ﬁess Wwhich9epeERtes Slactéca signals

r@b%@érhtﬁgg é%@sﬁ*éd @&Fgmr@tt@n at Rhd@but. YA AfulepeasHESurce of
beans. A beam nodul at or recei ves the el ectrical

eXPgtiAg sagjaHer JCBAraGS PHAUTEIBE BSHROSHR PRBMGI Atheam mewdulator

retdiv @ tHeYelBétrieXIPO§hA8 gRRarFe@BGAhEiPt8cds8ot BRd ARsdUI&Es the
exposure pattern. A béam defl ector deflects the

PN 71t POFING,BAREDY BCIEHIRG Byha desisad cEPOFUTEPALtern. A beam

d@FIéét@P@@flé&t@'ﬂBe %Ierﬁt%/tofaéSdp%surtehl%a?rﬁy b?@&%‘d@%lﬁwmed distance
urality ixels along the first axis with

C é'HSteaR‘ﬂfo§ eeehyA%Posing aPlurality| oftnieis §t%géhﬁrfvefsa>«s with

tltujé" BeSiHRP EXFiRird pREEAS L E/ENBRE oA sSi AR vaL PRY s@bstraany
axis to position the substrate for  a subsequent

pesgRsSUPmedfdisipres alosaohgesamnd @xis & pasitian thesubesatetier a
sthé&qL%%% el B8 PU R 'p%&:% Q%n%%ﬂ@sﬂﬁéteaﬂé’%ﬁatﬂfe%ité fh ald@sired

order to accurately contr 0l exposure pattern
oveFlarRIng tePFPQSlI'ﬁetQﬂ‘s"’GrFHQWF é@@f@h tpeﬁf@ﬂﬁé@'&’t@@ltmﬂ llee pup@RUre
Fh tRis8eth h & 5 bpReall
PRRBE R, (I IFhEG3bnY Sy RO qiEeRe) 1% GRAhTopRcal?
eiﬂ?@@@élli’z anergispdi and ge-eorsmskhibwimggbeothef keafp e kurasd en and
oG hRCRsitates quite precise knowledge or feedback about the actual
position of the beam, which, in turn, sets a limit to the scanning speed of the

lithography system. Thus, a faster lithography system is desired.

When producing wafers or substrates with hole or dot arrays today by electron
beam lithography, each individual hole and/or dot (element) is addressed
separately. Each dot is down to sub-10 nm in diameter, and the registration
accuracy of each hole or dot has to be less than 1 nm. This makes it very critical
to move the beam accurately and a finite time is spent on each movement making
it impossible to decrease the necessary exposure time below a certain limit for
any given electron beam lithography system.
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position of the beam which, in turn, sets alimt to
4gdgercetanni ng speed of the |ithography system Thus, a
wo 20897859 t hogr aphy system i s desired. Wien predudkKag@9/050036

waf ers or substrates with hgle or dot arrays today by
el ectron beam Iithography, each individual hole and/or

ot (elenment) .is addressed separately. Each. dot i

BiF 7 TOAE R RRTIOH A BRCoRRT oo bPag WhPasARG (EBL)
waLldl baGylvehtagacbs, e kinosartatilahasmb e bficleds antmreliamimethod
This makes it very critical to nove the beam
"‘é?é%ip‘étagl"?n%ﬁlﬁoﬁs'fi nite tine i s spent on each novenent
making it inpossible to decrease the necessary
exposure, tinme below a certain [imt for any given
Sé‘l”grE'?Fyoﬂf BEIRVETHHbgr aphy syst em Hence, an i nproved
nmet hod for perform ng electron beam|lithography (EBL)
woul d he %dv_ant ageous, anfl in particul ar nor e o
Agf:?ridérf Yt th&RY et ‘)rer'fez;%rla@ ynﬁqq%&o\mmgatqjeal eviate or eliminate one
oa(iir\{&'ét@gﬂ@%ov@%ﬁ@’&fdhe@fdiﬁé'tﬂ/ainté/gﬁ%téi@@yl%q@%ﬁ}/%h)bination. In
the invention preferably seeks to mtigate, alleviate
Pt 3 MmitnRPY Bsrneeehrasah Bb15ct PEH“%BWQ”%@YFPB%&O provide an

ilbfVdankaaRsos ipeeloymig elec@dl beariithdgraihy (EBL) that solves the
aBartlcul ar, it m e seen as an object of the present

b
AVeTREHiPNed &fpekﬁ'\{'aseofawei Wﬂﬂroarédvi%@rr%edﬁarp%wgﬁmm
n@h8fict&seaprddidibe i arbyfiddBloméhat sol ves the

above-nmenti oned problens of the prior art with
produci ng patterns with a nanoneter-scale precision in

TRAiSeHEECA RN EevdriBothER LB RBd 8fd oSAtheIOWE ffst QP& of the invention
bjects are obtained in a first aspect of the

0
biy Rrewidingne methPa e P i A iRgtiRdrabPediaritbesfieply (EBL), the

nSetB6l [BmprRMY:! | t hography (EBL), the nethod
conprising: -providing a substrate with an energy

sensitive resist with a threshold dose/energy on a

-BHARE afubshats WRRLdREfergy REAY¥tidE Hesi8NwRhaLtHraghigam
source (EBS) capable of emtting an el ectron beam

doporanasdt pe acveragp oS éhestbseateesi st, -rel atively

?f@ﬂuﬁ% :ﬁ%ﬁ{tﬁ/@%?%%%%@@éﬁs%%%%@ SeerniBRS bAlde@ron beam
towards the energy sensitive resist,

-relatively displacing the electron beam across the substrate a first plurality of
times so as to form a first pattern (P1) on the substrate, the first pattern defining
a first direction (D1) on the substrate, and

-relatively displacing the electron beam across the substrate a second plurality of
times so as to form a second pattern (P2) on the substrate, the second pattern
defining a second direction (D2) on the substrate, the second direction (D2) being

non-parallel to the first direction (D1),

wherein the energy and/or dose delivered to the energy sensitive resist during the
exposure of the first and the second pattern is dimensioned so that the said
threshold dose/energy of the energy sensitive resist is reached on the overlapping
portions of the first and the second patterns (P1, P2), and

wherein the electron beam during passage of an overlapping portion of the first
and the second patterns (P1, P2) has a substantially unchanged beam intensity
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times so as to forma first pattern (Pl) on the
43gborate, the first pattern defining a first
waleoogoeisen (D) on the substrate, and -rel ati vECHDK2009/050036
di spl aci ng the el ectron beap across the substrate a
second pI urallty of tinmes so as to forma second

tern on the substrate, . the n
o iRl S CORbT R BaDE by SR RS Canat FRERY qfibe
eﬁ@cmmobéamentnem“at(elsﬁbefbe&ﬂgamnpaesaadd.el to the first
direction (D), wherein the energy and/or dose
delivered to the energy sensitive resist during the

TeXPeSeHtRNOE p‘alﬂ’&cdliarﬂﬁ,tbtﬁﬂibttdiﬁll,&w(iad@éht@’e@uis$or obtaining a
dlnenS|oneH§so th e sai.d tpreshold dose

LSRR G die Pr tne' pogtiotoh oF Fabrsgs S g duali’ developed
p@'et%msﬁé@l RG|ePOr ddtoMSad by EQctﬂohﬁ]eaamdtﬁo‘gealsre,emh hole or dot
ereln e e

B beeRncd by ha rusdally VS aS R PoaTata! OF (T RoaRd segond
pat@ri he gsegsirédnaics g6 AtingR ?nE’ZDnsf@a%l & Sddpesand eath Mot or hole

unchanged beam i nt ensi t yand/ or ener%r,b?las conpared to

SERRI A ¥nd DRSS RRAISEH 309EeNg § et é’l“é'@ﬂ (Rosure is

naRRzEamRaiAg & & vosf RsewhheoFabtcpasapaeatethfith high quality hole
invention is particularly, but not exclusively,

Oh4PhAtAY8ous for obtaining a high speed technique for
t he production of substrates with high quality
devel oped patterns e.g. hole or dot arrays by el ectron

TB@WWWWB@‘?@W”@&%WH&S@esﬂ (goeameRy ofRctifst pinaighgipality hole

ot ket abrtavglblyyerear%rl aenhnmh@@rarph9n$h@§trten§tﬁ ét*t$1% igl&htion is that it
second pattern, . exposed Iines form ng

I d,
lowersdhs %Poalér@rté”ﬁsuorﬁgmé‘aan Mt Obﬁlohé'fré%é'ﬁﬁtfé:taéﬂyf For a square

hold 8r ¥&Yarl-be nﬁrﬂh”POO’ﬁﬁfjpé‘W&f %WHEn@%@@t@éﬁHﬁfﬁe ﬂ*é%érﬁ‘lgrnventron
exposure is mnimzed making it a very fast way

Witk pwerdhe tWusspeat @ age 'f‘fﬁsﬁ‘lggfﬁe@GﬁFﬁ wiEh rroflagtas rOde?re than

1@r(§(ﬂ)’§3r al DenPkas&RtpdiityRad bty enabl es high speed
(cheap) production of high quality hole or dot arrays

by el ectron beam |ithography. The strength of the
'I"h@‘fﬁ@éérﬂnnt/éwﬂd?tartraé thed QNRtisndI '%%Iv?ﬁtl%%%%%t EHérﬁ'rv@fwtlon may be

uniformhole or dot arrays significantl a square
imeleaneted geladivelyystiigmfamerd rhesétrseo@lnlvrrelnnr chh@catlons of

cﬁFr%ﬁE REIwWR gléc‘ﬂreorpﬁ@a?rﬁ”&héd"r‘éﬁﬂx} 'd@Orcléé %te hOUk!d, tahG thes®

spent on addressing elenents Wt actor of nore
megdfcations are only related to the writing strategy

By the threshold dose/energy is meant the dose/energy necessary to fully expose
(meaning supply energy to the resist) the resist so that it will either be removed
(positive resist) or stay (negative resist) on the substrate after development. This
is also known as the clearing dose or saturation dose/energy of the resist at a

given electron energy.

The present invention may be applied where high accuracy of electron beam
lithography and also high manufacturing speed is required. A potential application
could be the production of the following applications and/or products and/or
production of NIL stamps used in the following applications and/or products:
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10,000 for a1 cmx 1 cmpatterned area. The present
4pggvmat i on has the additional advantage that the
wo pwendisen nmay be i npl enented rel atively PCT/DK2009/050036

strai ghtforward because only m nor nodifications of

current known el ectron beam'lithography devices are

LE eded, and these nodifications are only related to

& Writi ng strategy. By the threshol d dose/energy is

Inegndtet heptide g BcRBn@ phoweesisaid/ ga e sfrukturegxpose

SS_lﬁ?ea(ral:egg{;\s?swugr%%ieenergy to the resist) the resist so

He?9 be renpved (positive resist) or
Ssirfie bReg@hbuBbiliBsesdihe@iing he substrate after
de}zel opnent. This is also known as the clearing dose
(9PlIQ%¢t ur ati on dose/ energy of the resist at a given
Hlae€taneferener gy. The present invention nay be applied
wher e _hi gh accuracy of electron beamlithography and
AYIYBOHYGh manuf acturing speed is required. A potenti al

AREIPE iapatgaeBive Wptidab@eteatpr oducti on of the fol [ owi ng
Dgagﬁl i cations and/or products and/or production of NL

A5 used in the foll owing applications and/ or

s&@é@guqhﬁcmc&@ hbRd agtainecbprii)cs (incl uding photonic
ban$ gap structures) Surface energy engi neering

MEM$ ace bio conpatibility engineering Cooling Heat
NeMnsf er Autonotive Active and passive optical

el enents Displays Storage (including hard disc and
ASBTERePIVEMS NEMS Antirefl ecti on

Solar cells

Photo Voltaic elements

Batteries

Filter (particle filters, bio filters, water filters, etc.)
TEM Windows

Quantum devices, and

SERS (Surface Enhanced Raman Spectroscopy)

In the context of the present invention, it is to be understood that the term
“substantially unchanged” intensity and/or energy may be considered to comprise
minor variations for instance maximum 0.1%, 0.5%, or 5%. Alternatively, it could
be that a control signal indicative of intensity and/or energy of the electron beam
transmitted to the electron beam source is kept constant so that any variation
arises from the drift, or similar, in the set-up, or is due to statistical or random

fluctuations.

In the context of the present invention, it is to be understood that the term
“immediately before” should be considered in relation to the scale of the
overlapping portions of the first and the second pattern, e.g. the so-called dot.
Thus, the comparison should be made on length scale relevant of the dot
dimension when considering the velocity of the electron beam travelling across

the substrate. For instance, the velocity could correspond to a passage time (dot
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Sol ar cells Photo Voltaic elenents Batteries Filter
afgparoicle filters, bio filters, water filters, etc.)
wQ BilbM#18sDWs Quant um devi ces, and SERS ( Surf acBCT/DK2009/050036
Enhanced Ranman Spectroscopy) In the context of the
present invention, it is to be understood that the

term "substanti al | changed" i ntensity .and/ or. epe

ey Siss OaRef HasBaedl 1BE AP oend e shety Yeifd gHBEeGRaM? Lonstant
OInI’ESf?ﬁ% ef ﬂﬁ‘)@ tompérablé td)trgé%as{sagégqne&ld @m&; haesrh Yandy ér energy

cou e that a confr Si gn indi_cat.ive of jinten

G 5 Mt e e PRt Bloget aHle g6 doy a0t inSiectiies 1o phssage of
tieé @ot.r on beam source i s kept constant so that any

variation arises fromthe drift, or simlar, in the

set-up, or is due to statistical or random

I lonetdmbodiient | ﬁhetuhaarenvtaemyoroénérbe omtﬁeeractﬂoﬁvmm @y further
e under st ood t hat

bﬁéﬁgﬁ?”t@ﬁiﬂ”&h%@e@oﬂ% iad%?%t&‘ Sicﬁ'er%ﬂ'&‘f'F%BW'\f @FGWet%c%‘feé'app'”g

poftidrixeofanerfirapahd ehd eédonansatedrnt el f PZ)SFornbtaMe the overlapping
second fpat tern

.g. the so-called dot. Thus, the _
POBHLY PO férﬁ'ba”%t'%ees?@d‘é' RAtteBRdEH BOFIG 8F Sharctefised by
thé @ieéted DFEMS It Hote OBRH ERE Idhgth B@alé@f@ﬁbh@{e @esultjfte at
el ectron beamtravelling across the substrate.

16358 Bancy, 1Q HESPNBEE Wnct@m Hewstsredfhad oD BY Hhesgeggb“length
stale® if ¢ol s rsRioarthet w@m@ermrtyswe} enérlfw RPN beam

energy being substantially_consta scale of tine
CE%’&%%\%%SP BY 82X AR s 5% &- 2 Yomer 53 @n Ak epgaReeRIy Alternatively,

|teélﬁI&16eQﬁHﬂ 8l cBRLrBPSign ArinbiReEvE BNFHtaMityOsh & of AkRyyOdf the
nore tinmes the passage of the dot. In one

10
el tP\%afW tranggniitag é‘h§h@ 9'e&Ff@Pd?ea@?‘1é?%‘Fed$ kepfeconstant so that

aﬁk/%h%%n %%E’s RN the BARY obe.n%bsrrane &rlop, Yr6HaN88E statistical
on a scale significantly [arger the overlapping

Oﬁé?WQJ’HSf?L@FUQ’CW@Sfl rst and the second patterns (Pl,
P2). For instance the overl apping

The key point of the invention is that the electron beam source does not need
addressing each dot to be formed individually.

In some embodiments, this may be equivalent to the characteristic that the
electron beam, when forming the first or the second pattern, has a substantially
constant velocity across the substrate at least when forming the overlapping
portions of the first and second patterns. Thus, the velocity vector (speed and

direction) is unchanged i.e. having a zero acceleration vector.

In one alternative embodiment, the electron beam during passage of an
overlapping portion of the first and the second patterns (P1, P2) further may have
a substantially unchanged intensity and/or energy, as compared to the beam
intensity and/or the energy of the electron beam immediately after the said
passage, i.e. instead of before the passage.
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portions of the first and the second patterns (P, P2)
4go6hadl be characterised by the dianeter of the

wo emalvisey dots, and the | ength scal e of changeCT/DKER@9/050036

be at least 3, 5 or 10 tine? nore than the di aneter of
the dots. By the term"length scale”, it is understood
that the, inte or .ener of the el
1 Aaimet et gy e SRClHS0 bEa Bt P Tagio fid ik 3RaMr second
pheteat P50 ))eon Bld subsataty @hay have 8§ @ubstabgalinadndaant intensity

ntrol signal indicative of intensity and/or energy
adg/qrh%"'eép}éctron beamtransnmitted to the el ectron beam
source |s kept constant so that any variation arises

or simlar, in the

1P GRS P ERGHIT PR oG TRecTRap et peviding one

efctidnepdamy epref@abiysjushahe t the fekseahd @fle BEEINASFaLtE® BEIES
not need dd re SIQ% each dot to be %orned

CP%‘WF'HE%{I Pymed VILHHE a1 OAR RSN PEAE- may be
eqw valent to the characteristic that the el ectron

eam when formng the first or thF gond Eatten
Pﬁ%f?%P'%ru%‘@trHHHaé'M%VGE'SHE'ﬂ"'Qrﬂor%P%e the first 84 sepand patterns may

defiRs brcedte st awkeoffdutsl A1 Frldee PY&elAN G two- dlmenS|onaI
porti ons of the first and second gatterns Thus, the

YRS 4o vt b PeEpdisdn 2RE AiPeRE HiBFHtions Wikt ARG gegnore periods.

ﬂhe%aumaaﬂsnﬁa@héeé% rasﬁ.%@mnmensmcdfm 1 N2 08€10, 20, 30, 40, 50,
alternatiyv he el ectron beam during

68a§9a§@ 8@ %OIOJvapaBbﬂﬂé)oﬁd?am%‘?‘\etSf the first and the

second patterns (Pl, P2) further may have a

substantial ly unchanged intensity and/ or energy,
Ip oRgaeerdigenkev R i Brssiang/ Andesecene péﬁ@F@flpbfPZ) are/is a

phh%hﬁ/' @%afrgﬂelb%g‘ tHE‘@?éét‘Fo%' YD&f b8y of Bt ﬁ%&%n@?&%@nd

i nstead of before the passage.ln sonme enbodi nent,

peHes BclafoRd Byaieciractigniasithe igeof Srasiically sihedirgt apd second
p%?c‘é?rﬁ‘@PPqii)ethy bRl apgP&tinfteit, ) §éﬂﬂ~%te§ %h@tédﬁééléiﬁ)éecoaeach other.

subst ant'i al 'y constant intensit or energ

AT B G SRl 0 AT R S b B S B Er sekiprid3) may be
F5AREPDR (A PEQH, B AR, CEIcERE, BRAMIrPERLEIAPbng shifie

J ust one, Tirst he second pattern being
aperadmately &0ydase et aliehta erchselihgr derefosméng a @ﬁXb@eml pattern.

The resolution of the electron beam source (EBS) may typically be at least 0.1, 1,
2, 5,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 1000, or 10,000 nanometer.

In a second aspect, the invention relates to an electron beam lithography (EBL)
apparatus, the apparatus comprising an electron beam source (EBS) capable of
emitting an electron beam, the apparatus being arranged for performing
lithography on an associated substrate with an energy sensitive resist on a
surface of the substrate, the resist having a threshold dose/energy, by relatively
displacing the electron beam across the substrate a first plurality of times so as to
form a first pattern (P1) on the substrate, the first pattern defining a first
direction (D1) on the substrate, and relatively displacing the electron beam across
the substrate a second plurality of times so as to form a second pattern (P2) on
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Preferably, the nutually overlapping portions of the
44epm1 and second patterns nmay define a two-di nensional

w@eoaposso dots, and nore preferably the two-di PENPKWAI50036

array of dots may be periodigc in one or nore
directions with one or rmre periods. The said dots may

o a8 TR0 ey Gl P 1667 0T iR tBi D) or the

shbstoate] efie séddnandireibadiDPe Meingvher-@iafalidn€o the Ststamaction (D1),

the second pattern (Pl, P2) arel/is a plurality of

parallel lines, the direction (D, D2) of the first

V\ﬁfedh éilartha&mn@ly Qﬁgﬁoﬂ?fclkblSeidﬁllg@‘feFrtedhb)EngaP@/ déﬁﬁmé essifduring the

the lin pec a the first and secon

e PhsurEsy e athal drgtesd e e 1o gt the Said

tTﬁsablldV@sterea&gg o@tlh@téﬂeu@y:ﬁnagtwewebwt: |sar@a(a%% bh QﬁéL())verIapping
i r attern W ir irection may be

oGRS eTa: Subid S @rCRas bL Fhe 98dcont. and

third direction being shifted approxi mately 60 degrees

relative to each other for form’ng ahexa% nal _

Whareiarthe eterdraneReAMdwinaRassRee & e OVEHABRAMRILtPR &f the first

ahBBBE saBynd pRitedsl p1be2fhat @@bsﬁanllall\},unZhar5ged1@earf3@ntenS|ty

30, 40, 50, 60, 70, 80, 90, 100, 1000, or 10,

aRdASTRIASERY, INCHMRBESHD t&%”é‘@f” intRRsIPheRdYor dhe F@F'é&ye%f the

el BdRE imhateddRa bébROEHARN paEfige. appar at us, the

apparatus conprising an el ectron beam source (EBS)

capable of emtting an el ectron beam the apparatus

IRG ﬂﬁ@d%ép@ﬁﬂ&ﬁeﬂﬂerﬁ%hfr@faféé‘% la'chrﬂﬂftérpBbbg@a‘m%Pod uct being
associ ated substrate with an energy sensitive resist

agAPRdsigrenabie arcofmputeupstte® @MRIdng akjepst RAGicAEPAter having

dbby 8P dnflRpe/RE6¢iMEd th¥rdvatRtd E@rﬁt)‘olddrﬁ@lta@ﬁbﬁ‘%ebﬁ?hthography
el ectron beam across the substrate a first plurality

deviceiasearding tstheofirshPapectiqftae ip@ntiepn (Pl) on the
substrate, the first pattern defining a first

direction (D) on the substrate, and relatively _
Thissprget AGtheniaveniden isorrrbiedaT Iy c PB 8Ot eXclusivRly r ad\@njageous in

tﬁ@cct@\@dprﬁ%éﬂt)aﬁhl/éﬂtl&f iy BRSinS9efnt& Banredo%&&@PBPogram product

pattern ont he substrate, the seC att
egabling agom%@@ﬁs@t@ﬂrt@dﬁ@mt@ opgiatipes gubw seroad ashect of the

n%?e%‘t?u‘&ﬂ ?hﬁ?‘gf 'isoébm%ﬁi@él @Haﬂ%?n@@héwbeéleétgﬁ B&arhlitRégraphy

direction erein the energy and/or dose _ _
dGélCﬁ\f@aE@ethaﬂﬁ%d Enepgpte @agdrdingetor e pesenirinvgntianeby installing

P pPlgrhRepiddiet o ARt RS PR P HRSIMNG Bhe said optical
msnsmﬁ Ogr ? tutﬂe said|§u y ng 'c opt
recordlng apparatus Such a computer program product may be provided on any
kind of computer-readable medium, e.g. a magnetically or optically based
medium, or through a computer-based network, e.g. the Internet.

The described invention may also be applicable in optical solutions, like but not
limited to laser writing/lithography where the time spent on addressing each
element is the most time consuming factor of the process.

The first, second and third aspect of the present invention may each be combined
with any of the other aspects. These and other aspects of the invention will be
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threshol d dose/ energy of the energy sensitive resist
4ps3ra@ached on the overl apping portions of the first

waeandmssecond patterns (Pl, P2), and wher ei nPCTBK2009/050036

el ectron beam during passagg of an overlappi ng portion
of the first and the second patterns (Pl, P2) has a

subst ant i al_l nchanged, be i ntensity and{or enerqgy.
SRR D YOS LT Rt EFeoE o NG q gD ey bpd
hehengfteéct ron beam i medi ately before the said passage.
In a third aspect, the invention relates to a conputer
program product bei ng adapted to enable a conputer
B3ies desarieIopr ofthaFiqlrekeast one conputer havi ng data
storage neans associated therewith to control an

el ectron beam | ithography device according to the
Thelprbs@apeedntn WilendvnvexipRiined Miyswag pe eka®ipld 8fly, with
i hvention is particul arl_a/, but not excl usively,
rellAMEAPSHELATPRAY NI Wiees WRETS nvent i on may be

i npl emented by a conputer program product enabling a

conputer systemto performthe operations of the _
Fgé'ggrjrd'séjs?)%@f”%fc Qrﬁgurqugfsﬁ@ ie@;_tropm@m iSpufce over a substrate with

abdHeegPkatsavd hadistsome known el ectron beam |ithography
devi ce may be changed to operate according to the
present invention by installing a conputer program

FRIUPEUCT LECHRNERU NG ¥ b SiMdtCaY & abtdmpatierrsaddrding to the
optical recordi ng apparatus. Such a conputer program

PR AVERaPbe provi ded on any kind of

conput er-readable nedium e.g. a magnetically or

optically based nediu or through a computer-based
Fitatr o iR, Singilgy. ta Heure¢ g}‘ﬁ\é’tn.g mRES Heet i Bedishapaspend patterns,
may al so be applicable in optical solutions, |ike but

not limted to laser witing/lithography where the

Figuie 4sisshpilamtoaiares3ishgwircd fistte eeEOonE PRHEMBRY atthird pattern

2CQ818HY RPtHeASQENOhvEMGoPr ocess. The first, second and
third aspect of the present invention nmay each be

conbi ned wth any of the other aspects. These and

FRJE™s RIARAS 6&9?{1@3 ISAY R Q@iré’ﬂialrh:l Q%ﬁgﬂg{ ;%&(%rfnr\ﬁm'n a different

and el uci date reference to the enpodi nents
ggesEtivoeFonding it 4ne ereseptirendi@dcr i ption of the
Fi gures

Figure 6 is a schematic side-view of an electron beam lithography process,

Figure 7 is a schematic side-view of an electric beam lithography process for

forming nano-wires,

Figure 8 is a SEM image of an orthogonal pattern according to the present

invention,

Figures 9 and 10 show SEM images of hexagonal patterns according to the

present invention, and

Figure 11 is a flow chart of a method according to the invention.
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The present invention will now be explai ned, by way of
4gcarple only, with reference to the acconpanying
wo-e@anesso where Figure 1 is a schematic draw nBCDDK2009/050036
el ectron beam source over asubstrate with an energy
sensitive resist, Figure 21s a schematic drawi ng of a
first and a second pattern according to the present
invention, Figure 3 is simlar to Figure 2 show ng
D®asited desesiption toh@nfdmibddiareat second patterns, Figure 4
is simlar to Figure 2 showng a first, a second
pattern and a third pattern according to the present
Figuventis enNschiehtiticedrawiing 6 &h ledction heaghlisBudesh@niangibitrate with
first and a second pattern with a different geonetry
ANETH A TUVE FE'Pr esent invention, Figure 6 is a
schemati c side-view of an electron beam | ithography
process, Figure 7 is a schematic side-view of an
ABngratiane Lﬁégﬁ?lFFqLﬁ‘Sdfaphy process for formng
PRI €enekatgdre 8 is a SEM i mage of an orthogonal
pattern accor di n'g_jI to the present invention, Figures 9

EBRd Bt teiubrasENCP f§ges of hexagonal patterns accordi ng

BDD i B&arRReedtiond Byeey i on, and Figure 11 is a flow
chart of a method according to the invention. Detailed

description of an enbodinent Figure 1 is a schematic

THEAEAREPhed B O FePatiRERMhEAUNILSBratY &ithar BYIHbUiAG&he beam,
wi th an energy sensitive resist. Annotations used in

M\ ENa sulpsEfatpArhoth SEBHEIRRWSIYEBS: El ectron beam
source BDO Beam defl ection optics The el ectron beam

noves relative to the substrate, either by noving the
Iﬁéoéglﬁ:r to perform electron beam lithography (EBL), there is provided a substrate

with an energy sensitive resist with a threshold dose/energy, also known as
clearing dose, saturation dose/energy, on a surface of the substrate.

Additionally, an electron beam source (EBS) with beam deflecting optics (BDO) is
provided so that the EBS is capable of emitting an electron beam towards the

energy sensitive resist, preferably with a nano-meter scale precision.

Next, there is performed a relative displacement of the electron beam across the
substrate a first plurality of times so as to form a first pattern (P1) on the
substrate, the first pattern defining a first direction (D1) on the substrate.

Subsequently, there is also performed a relative displacement of the electron
beam across the substrate a second plurality of times so as to form a second
pattern (P2) on the substrate, the second pattern defining a second direction (D2)
on the substrate, the second direction (D2) being non-parallel to the first direction
(D1).

The energy and/or dose delivered to the energy sensitive resist during the
exposure of the first and the second pattern is dimensioned so that the threshold
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novi ng the substrate or both sinultaneously. In order
4seo3pgerf orm el ectron beam i thography (EBL), there is
w@emviogse a substrate with an energy sensiti vePCBEBPKS09/050036

with a threshold dose/energy, also known as clearing

dose, saturation dose/energy, on a surface of the

substrate. Additionally, an ectron bea sour ¢
PTREEF AT g PR gebtvE SeT ooy P Y e ST bortions

of h@e RS dngl thaprhbed phttemd (A1IN@2an el ectron beam

towards the energy sensitive resist, preferably with a

nano- meter scale precision. Next, there is perforned a

FoebAtdla@rah derﬁ(wgﬁmﬁ roh |rt tree plie@cCat avayh eerakas ra?wtet fige (today

i rst as to form

1§ RS b dish nrigtosBesiidin ub BBtasi meh THBER Pt fuhoass pattern.

THaE) foir ROscfualré Bstaydifrdees bPRolesl (blcdeAtBE thelFhe @b@nt on addressing

b I h
SR B s chlesEh S e BE N S e dbse of ERE &t Bagh side of the

patt&emnﬁlrrgv uvxmlehtthusqﬁatterﬁa_s wiRtaswith thepredent eﬁmﬁuon the
patter on the substrate, the second pattern

”&8??%025—‘ %“%'été&ﬁat aps E%PF@Hd(%EFdé%OFWeZ*%BsSPrtQF@m?% of time
speRIONE ablH Fee6inigaR anDEpdaaid realcdivithl £factér ¢/ A i r st
direction (D). The energy and/or dose delivered to

the energy sensitive resist during the exposure of the

ThinseRNshit fOf tHE€ 5B Gf Rdt Lifals itBatdis TBABIOB &8l tH@ rdMt of 1 cm x 1
t he threshol ddose/ energy of the energy sensitive

cpeapdthe §pP%ra'@ﬁ5dsdhtfi%%rd@v@flldﬁﬁf hdiportions of the

first and the second patterns (Pl, P2) For an

el ectron beam systemrun in the pri

Ip dhese cesepihe éaqtphﬁe%%%ﬁa}fof ﬁotf}'i"é héffdé\?c“o(floﬁ’sf?m Per'Od) square
afifoseconds) to address each el ement in the exposed
pattern. Thus, for a square array of dots or holes
L@k RS )(NTIHK )i e*$Q8At on addressi ng each el enent

1563t emWNb1O2) phergAy i s the nunber of dots on each
side of the patgerned array. Wien this pattern is

witten with the present invention, the nunber of

TRLSTRRLS tlH@épé?ﬁsfoF Qd&’r%séﬂgre%%ﬁ%‘i’edwént(’l@' Vgt des®ribfiis

anount of tine spent on addressing in an exposure Is
redugdeiomi X ko ¥: factor of NN2. The lower limt for the

1R % Plnflato{2Y6n4 82 vio gapbl e Ts in the range of 1

cm X
1mx1m from X=10"8 sto Y=20 s

The number of lines written in a pattern with the present invention may preferably
be any number between 1000 and 10~9; 10~n; n being 3, 4, 5, 6, 7, 8, or 9.

Some examples for the number of dots/holes may be:
Lower limit 2” square area 50 nm half-pitch (100 nm period): 25*10~10
3" square area 50 nm half-pitch (100 nm period): 56*10~10

4" square area 50 nm half-pitch (100 nm period): 10712
6" square area 50 nm half-pitch (100 nm period): 2*10~12
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cmand the upper limt is in the order of 1 mx 1 m
4pae3tdaese cases the factor becones, for 50 nm

whadobowissech (100 nm period) square arrays: 1 cPCRDK2@91050036

(N=10 5) 0.5*10"5 1 nmx 1 my{N=10 7) 0.5*10"7 Thus, if
the tine spent for addressing each elenent is 1 ns the

10 UpPE fis 28 S <25 58 R o S OeE hegior3h652107 12

The mueber of lines witten in a pattern with the
present invention may preferably be any nunber between
1000 and 10 9; 10 n; n being 3, 4, 5, 6, 7, 8, or 9.

Sane vexyatrpbeusnrﬁmrz e 2N equare gteb Y hel leff-pRyh PEO nm period):
Lower 2" square area 50 nm hal f-pitch (100 nm

peri ééfo 21§*10"10 - 3" square area 50 nm hal f-pitch
(100 nm peri od) 56*10’\10 4" square area 50 nm

-plte r| od squar e
TﬁHfh%\gig-th CtagFl am@t r? t'ﬁgﬁ» %f@a{lbe §avia@|,\\g(§h t%ﬁéesqnf H?‘fent'on
paQicussandenrLiarGdnombBabf dtstie o (O pase@er i od) :

25*10712, and Very upper |imt 2 mx 2 nmsquare area
5 nmhalf-pitch (10 nmperiod): 4*10 16 Thus, a

TﬁegﬂvéﬁtQﬁNarﬁlﬁ@UQéd Wfthttlh@H‘oﬂ@Wln@ere’él@t/qﬁutmdthmilt‘@ to those
resent invention, particularly wh |_ar ge_numbe

reRitis: 25 F%Ob%uef%«ﬂﬁéé\!jz“%é@r R 0GR Xoarl és@éQmP{Vﬁ\"A PS

(bH9 sftWelneymr&él st, but not limted to those
resists: ZEP530, SU-8, ma-N 2401 XP, nr-L 6000 XP,

TEBN-I, HSQ PMVA, PS (poly styrene), SAL, etc. The

ThRVRR R 5o Ghnitddict §HgleteSinh 9 Ste AR IR AEE bB&bplied to
can al so be pl e el ectron beam systens

MEPE QG@FOW?%m£’§t%ﬁ®@§@r$ # Yydrarg EBS expose in parallel.

Typical threshold dose/energy (clearing dose or saturation dose/energy) for
electron sensitive resists are in the range of 20 pC/cm”~2 to 5 mC/cm~2.

For instance the threshold dose/energy of PMMA at 30 kV acceleration voltage is
~200 uC/cm~ 2. Thus, for a dot/hole array formed by the crossings of two lines
each line would be exposed with a dose/energy of 100 pC/cm~2. For an array
formed by the crossings of 3 lines each line would be exposed with a dose/energy
of 200/3~67 pC/cm~A2.

The control of the exposure dose/energy is only critical where the lines cross to
form the dot/hole. Thus, one could modulate the dose/energy of the lines in-
between the crossings, or mutually overlapping portions of the first and second
patterns, if one finds this applicable — as long as the dose/energy between
crossings does not exceed the threshold dose/energy (clearing dose or saturation

dose/energy) for the resist.

Figure 2 is a schematic drawing of a first P1 and a second pattern P2 according to
the present invention, showing, from a top view, the directions D1 and D2
associated with the first and the second patterns, respectively. In this and the
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Typi cal threshold dose/energy (clearing dose or
43@brpoat i on dose/ energy) for electron sensitive resists
wae@oisrsshe range of 20 nC/cm/ 2 to 5 mC cm /PRI/DROF09/050036
i nstance the threshold dos nergy of PMVA at 30 kV
accel eration voltage is ~2 nC/cm/ 2. Thus, for a

t/.hol e ar thecossms
BN Tt Bt cheRpRets Shct i Rt Sy Rnks ghest Magever, the
pr&Zebminvehtiohahapalsar iayppldnied obyert fretearhessi ngs of 3
lines each |ine woul d be exposed with a dose/energy of
200/ 3~67 nC/cm 2. The control of the exposure

THeSPAPB O Be HEtsPRbIES Ebrintéd BY tM@m&uémﬁobémuﬁg e&giohDof the
Thus, one coul nodul

formthe dot/hole. th

f'a%tsaé";d[eﬂ%e;ﬁoag plaﬁtgrn% RSN BRASREY) Ytrﬂié”%ab”éf‘s}’ ?Pg‘éd agse be but not
lifitedadol 3qURYES pABNEIBErPR O itaasg @hr.t he first and second
patterns, if one finds this applicable - as |ong as

the dose/ energy between crossi ngs does not exceed the

reshiglsimfigsey Bgeruy shehary uinr@ge lpseirPthesfstibAl isefond patterns.
is a schematic

osel/ e g;%for the resist. en ]
Ia$t§aﬂ 95 38R rdesingraachptols A dgt é%e%ﬁat)p%ﬁ&aé?wwh's invention
pRESe¥ediangchAiguBg whitRgdtkatl D?V)et’bt fa®Ricaeh®l Hide of 'Z:I@maﬂraﬁs by
top view, the directions associated with

eKPPYINI HRE gtrﬁjé Ve JHErpat RIS, af}de%@%@ PP¥Igven anglgirglative to

eabll ot  trvkigareriodhgRNs 90 ddifedAtt R the [ﬂﬁl@tsf\mﬁé\‘%dall lines
by paraflel lines. However, the present invention

CE\‘P%%O”EFed%i?pisl%H'”ﬁ'éﬁd 5¢ Rereqyat Eoe?"ng'gh‘?hé’"%ﬁ}i‘ec'é?r”%éose of the

e%&ﬁfn@éa@ﬁ rEQENRhdP¥ad e dodeial thy AMEF bﬁ@@bﬂ@aérﬁ%é’%&oo low to
e first and the second patterns are

Cﬁ@@é@%{r@fﬂpsﬁGlﬁlﬁ(ﬂes'?ithér)rﬂuéo@lﬁt%r ‘é‘F‘é%OFb’EeB‘U@n%Wﬂ” £ngriprpving hole

oPQloﬁ‘aH%"y@’on%E@u'bﬂrQQ! AR gurkd B@%W How BxIMpResBwhére 2 or 3 line
simlar to Fi qur e sovvldé)g nore lines in the first

IEFINFIESH I D&Y f@??ﬁ"shmﬁr%’t @roTysadgrasIahgSWREh aRd|aore

rgﬁdgﬁtregt%ln ORpt) separately, this invention proposes a
technique (witing strategy) to fabricate the hole or

dot arrays by exposing line grids with different

S%%Fé)ﬁélleaé}dd&t%’r%@ aﬁr@BfﬁShé’aQEd %R}gi ﬁné gFa?cFHg‘éqN&H’ t@6&me period

ure this an rees, - 1In

r@tr@ée%Qplﬂeg r\ﬂ?élr\/@ talgachiaibsr. cﬁa@bé'net'ﬁéxﬁ@@é‘ wih ¥ of the clearing
ggé oft ?Fﬁsgé% Ranatdaly the Yot WHERE both Red BRsEkF@F is fully

ose O
exposed. This is indicated as D=2 in the Figure.

More random rectangular arrays are also possible. The position of each line is
different from the square array. Besides this, the mechanism to form the hole or
dot array is the same. This illustrates that a lot of different holes or dot arrays
with many different geometries can be made with this technique.

Figure 4 is similar to Figure 2 showing a first, a second pattern and a third pattern
according to the present invention. A hexagonal hole or dot array is exposed by 3
line gratings. Each line is exposed with 1/3 of the clearing dose of the resist so
that only in the spot where all 3 lines cross the resist will be fully exposed. This is
indicated as D=1/3 in the Figure.
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el ectron beamresist, whereas the dose in the other
4prgpree1 of each line is too low to conpletely expose the
WO e®p®97859Thus, after devel opnment one will end BPQEI/DE20DOS0036

hol e or dot arrays on the strate. The figures bel ow
show exanpl es where 2 or 3 Tine gratings result in
different ho r do arrays; X onal s uar
Fiasre & Smmiier Bt antor 2t vEHA cREREAGey aeBhERabe et

phaern patred dyirdctidnBl @hdtthagmtiarh P1tHe tsanpeni®ld &seen in

rotated 90 deg relative to each other. Each line is
bsed with Vi of the clearing dose of the resist so

that only the spot where both lines cross the resist

Is f IIy expos his is |nd|c ted as 1/ 2 t he
FFQLLEE e'S n}aiwo%%n? EN wa@ﬁl ’é?ﬂ’r%%“ g: *éO%YPB'ESY process. An
eR@®Intbeam ThesdPEd Wiied a PatRas in bhrwedtsordsérfs&wmtesfsltqm. The

uar e

the arra Besi des t errec smto n . .
olg RHe et sEturPaIn Rolesihda il Femeahay be papesed T it i 2
pobiglveaesiot (Df ordinfdots emt id@®hegatve %ﬁstqeg._ays with many
different geonetries can be nade with this technique.

Figure 4 is simlar to Figure 2 showwng a first, a

FRRFE 7is RRédrRffhtRNdld @ vidW bl aR@ldcerie bag®aitdbaphg prBéess for
&_ resent invention. A hexagonal hole or dot array is

XPHHYEPNBYIrES| i ne gratings. Each line is exposed with
1/3 of the clearing dose of the resist so that onIy in
the spot where all 3 lines cross the resi st

Ip origr Oxiyedeee aThED hasedirf Eafeandsorisaslas |aﬁ\évalf‘h"eGaInP and/or

Iﬁb GHAL rFAtBEF BT bSd /A TT-hNamateribl 88HBindtiBHS, IWBH féf@c.ency ensured
ferent array geonetry. The first attern

bé{l Ipwirgee DﬁCQ{HE'n?H@n ﬁaﬂtb@r?FhFﬂveﬁ]a%Y FW@P pes @d?r%@‘)ds/Wh'SkerS

Tﬁ@%ﬂér@/rajgmrﬁs@rs a'r@k_z]FcﬁNr@fr*o?n 8 thrherRbE aqe%d@vaﬁt%@fnm (I1I-V
l ectron beamlith ogr ap e/ﬁnrocess An el ectron beam

o,rgI N%bﬂ’htcé‘ ipcPyered yag tpé‘Ptﬁ’C Amenagh rof- Benret lipiéed to Si3N4,

Wi€shsiks (sé)thaﬂ_&ﬂ%/rs?rﬁlétcry}s%alﬂﬁé’ %hl%PQ‘F'odis?WH'lstHePQal‘é"g N refom
where the resis been exposed if it is a positive

thess Recausy the hplesdse smaller fthars the wede! ovainsés efitheghin film
natgHEe 7 is a schematic side-view of an electric beam
I'1thography process for

The invented and protected electron beam writing technique defines where the
holes in the protection film are located. The invented technology ensures that the
holes can be defined in a fast manner suitable for production by electron beam

lithography.

Overview of the depicted fabrication process of nano pillars/rods/whiskers. A
carrier substrate is covered with a thin film of any relevant III-V or II-VI material
combination, and on top of this a protective film, e.g. but not limited to Si3N4, is
applied and on top of this an electron sensitive resist which is patterned by the
invented electron beam lithography technique (1). If a positive resist is used, the
electron sensitive resist will after development (2) contain an array of well defined
holes. The electron sensitive resist is used as an etch mask for wet or dry etching
of the protective film to transfer the hole array to the protective film (3). The
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form ng nanowires. In order to produce an LED based on

sg@Azoand/ or GaAl As and/ or Gal nP and/ or |InP and/or
wo@rduen9issd V and/ or H VI material conbi nati ons, PET/DR2009/050036

efficiency ensured by | ow face reconbi nati on can be

achi eved by nano scal e piIIars/rods/mhiskers The

l,ars/rods/whi skers are r a thin m of .

sl fife biBetan S prieefis nEh o€ ket 1o Brvtaeld esine

nBylowirgs Gto@e(énn fil m mask, e.g. but not linited to

Si3N4, with holes so that only single crystalline

pill ars/rods/whiskers are grown fromthese because the

Fh_;QJrQSB @raessmaHage dffaaurbﬁtthwgdmapbéabrrgﬁmde e:Y] a@tﬂé ekpésures of

|Inbnate ial. The. inven & and rote ed .

"8?@6?%9? E&riMAdEp |"Y*F‘gret°<?é"f‘1'HF% & "cf@frF resist:

Th@|§E3M iMagden Qh@ﬂ@‘@tsh@dvs fclhé BVélafl Jaoth | eélnd Iﬁ@ehl@\@é& SEM image
hnol o eneres th t the hol es can be defined

6€ HateBPWS e SEIE F GPe SXBRREI G OBy RALHEER SRE dalmivhere the

réd liRQUaGsI¥nergyab \HRWeeh fehenstepiiss esmbalkiegafith® dots and the
process of nano pillars/rods/whiskers. A carrier

dﬁﬁ%‘f‘%’%\rtee'np@%er ed with a thin filmof any rel evant
H -V or HVI nmaterial conbination, and on top of this

aprotectlvefll e. g. but not Ilmtedto Si3M, is
FIgIBE eﬂ“%éEMn'”ﬁﬂﬁs&ff Haﬁﬁ%n%waélaé%ﬂ“ﬁéﬁg@”@wuf oerwise similar to

FRFe S THRiiffages Wik lBEdREd B)éfdr@@eh{é‘(/ﬁfgt@lé REBEITHNSEM image
beam | it hography techni que ositive resi st

oPSPELEl SMONE 1BF BETPRIEHS: 16 Enlasard L FMade e right does

nOE YRR RARRL of(BdpoSORt 1B B8 tRE UBYe MasWet Eo Qﬁ bﬂﬂﬂa reqwred dose
hol es. The el ectron sensitive resist is

agdl tHUFBSK G IS URft bskwegnytha sy se thﬁéewﬁ@cbewq/energv to has

bEbh'Féééhefd%BﬁTp%fre& QL 8regY. BWsd RetdGorRE @Eﬁ@% o¥ Ehed HbtP and the
(3 hesnal | "hol es through the protective filmare

dﬁ@@ﬁ@reqf‘é\ﬁa‘éﬁ%gl e crystalline nanowires from (4).

Figure 8 is a SEMimge of an orthogonal pattern made

by doubl e exposures of |ine grat Ip@%t The i mages were
er

Fisitrai 106lartbowr GEVdmeaFiRg NeKadeaalinsktermn aimsianits ijredhieft but
V\Flfhea S8 ht1y l'é%‘@r 4o Qvéad'cﬂléxpeguke%ﬂd a%ﬁgrcﬁﬁ’fﬁ%mré‘&g@ﬂthe

Minage on the right shows the trace of € exposure
eq<gqa$um,)ls ggem,vé@*ﬁowh S rl\qhbrtéethopées transferred into the Si substrate

are shown after removal of the resist. Notice that the exposure trace on the left
SEM image is only a shallow effect in the resist, and accordingly the trace is not
transferred to the Si during etching.

Figure 11 is a flow chart of a method according to the invention for performing
electron beam lithography (EBL), the method comprising:

S1 providing a substrate with an energy sensitive resist with a threshold
dose/energy on a surface of the substrate,

S2 providing an electron beam source (EBS) capable of emitting an electron beam

towards the energy sensitive resist,
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requi red dose/energy to has been reached. Al so sone
43parces of the dots and the distance are indicated.

wo-e@aneg7s®» show SEM i nages of patterns that arePCT/DK2009/050036

hexagonal but otherw se simdar to Figure 8. The
I mages were obtai ned before renoving the resist. The

i.mage .on, the sho the overall attern.. The ,
SH TR R Rt te et o GH et Mes RBHaTF B irtbPypatity of
tma@t@@&us@dh&tﬁ@&&m@&m@é dudstkatk, afe figt pattern defining
and . thus no.trace is |left between the

a&grggld\r}(g Oé‘f[ﬁe]e) QBN PERPLASEe? Sher gy to has been

reached (conpared with Figure 8). Al so here sorre
scal eSeTf thf dots and the distance agre in
Beingh i o

r'ge'Lﬁtév \C)dISB Eﬂ;‘r?rﬁga@m FCrAgs g@g@ taeﬁeﬁgnd plurality
ogltlmés_ado dOtd-F@HT & sBedref patideitn wzt)ga_nathl%l éL@i@EHalz’e |tﬂéf@%tt%nd pattern
)Se i n eac osur e, acc i ng a trace of _
EFRbe.1 sSeed Bikton Bauph tea hstel e Seratbdiegion (02) being
nbhaprbRéIrtedhe mirer difetidn @uhstrate are shown after
removal of the resist. Notice that the exposure trace

on the left SEMimage is only a shallow effect in the

WHRSEBttheddMerQE 600, r sy deh@eredasahbenefdy b&nseerdsefl during the
to the Si. during etchi n%@dF g ure 11 is a flow chart of

SXPARHTRA the dbrtdnsytheosas hi |'%ﬁ'”?%15'%‘@|df§9r"rhaﬁ§he said
tﬁﬁe%ﬁblﬁ%s@%@r??b‘ﬁ@l@é aRéyyy(deBbitivet R8st RBEhed on the overlapping

conpri sing roviding a substrate with an energy
PQétr'@?St‘?fvté‘erfﬁ‘i %'i‘d e pe@ndmattainr dPHoRe) @RErgy on a

surface of the substrate, 5 2 providing an electron

beam source (EBS) capable of emtting an el ectron beam
WheRRINdH e teRCtEREP @AM SBigTot RassagR 8f 3P OSS”?%H"ﬁElRPéW'?/n of the first

aﬂtlstﬁla%‘ét&% f)g‘ﬁel‘ﬂse(fptlr on) H§§@s@%§%ﬁla“9%n§h'§r$déoa$@arﬁ intensity
first plura times so as to forma first pattern

appygr e OB SRNIPRTRLO PRbeRMT gttepsibt @donhe AR YaOf the

eldcidn sHans Ghhdyidiely) b&Bréhfe SHEPeESge. and S4
rel atively displacing the el ectron beam across the

substrate a second plurality of tinmes so as to forma

THEGANChRA ¢ He (rﬁgoerr%hté@ﬁﬂ éH@%h&sm@ foFrH?nc"?@@lﬂaq'lardware

pattern defining a second direction
sgtivare, dir@)warngeorsetoerim BinpEien joh kheseR )T @env@tlon Or some features of

the invention can be implemented as computer software running on one or more
data processors and/or digital signal processors. The elements and components of
an embodiment of the invention may be physically, functionally and logically
implemented in any suitable way. Indeed, the functionality may be implemented
in a single unit, in a plurality of units or as part of other functional units. As such,
the invention may be implemented in a single unit, or may be physically and
functionally distributed between different units and processors.

Although the present invention has been described in connection with the
specified embodiments, it is not intended to be limited to the specific form set
forth herein. Rather, the scope of the present invention is limited only by the
accompanying claims. In the claims, the term “comprising” does not exclude the
presence of other elements or steps. Additionally, although individual features
may be included in different claims, these may possibly be advantageously



non-parallel to the first direction (D), wherein the
4gqeerqgy and/ or dose delivered to the energy sensitive

WO e®p®9788ur i ng t he exposure of the first and tPer/PEC@OMS0036
pattern is dinmensioned so that the said threshold
dose/ energy of the energy sensitive resist is reached

cSiheug. AaarbRnE e R sy TEREciales dpré FhRER Y cfFia combination
ob esatu el ib MOt PEssHelg @nadf oradd vevead sl Iy apoitionpsinglilat references

first and the second patterns (Pl,, P2) has.a,, . .
Aoy isieslisid 5 TGRS BEATER et ¢ PandiaH Resagy! ete. do
nds peadlldd & Gldralityh Fub®@pnbrd, efdredcasighoiin theciames givalbhot be

the el ectron beaminmedi ately before the said passage.

> C?ng?ﬂSQﬁLVBHn%gﬁaS@mﬁnplenented in any suitable form

i ncl udi ng hardware, software, firmwvare or any

conbi nati on of these. The invention or sone features

of the invention can be inplenented as conputer

software running on one or nore data processors and/or
digital signal processors. The el enents and conponents
of an enbodi nent of the invention may be physically,

functionally and logically inplemented in any suitable

way. | ndeed, the functionality may be inplenented in a

single unit, in a plurality of units or as part of

ot her functional units. As such, the invention may be

i npl enented in a single unit, or may be physically and
functionally distributed between different units and

processors. Although the present invention has been

descri bed in connection with the specified

enbodi nents, it is not intended to be limted to the

specific formset forth herein. Rather, the scope of
the present invention is limted only by the

acconpanying clainms. In the clainms, the term

"conprising"” does not exclude the presence of other

el ements or steps. Additionally, although individua
features may be included in different clains, these

may possi bly be advant ageousl yconbi ned, and the

inclusion in different clains does not inply that a

conbi nation of features is not feasible and/or

advant ageous. In addition, singular references do not
exclude a plurality. Thus, references to "a", "an"
"first", "second" etc. do
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not preclude a plurality. Furthernore, reference signs
4pgg3rdae cl ai ns shall not be construed as limting the

WG ewpe9IBEAl MS 1. A nmethod for perform ng el ect PONDEe@I1050036

l'ithography (EBL), the mstkﬂg conprising: -providing a
substrate with an energy sensitive resist on a surface
Q&fééltﬁ.ge substrate, the resist having a threshol d
energy, -providing an el ectron beam source (EBS)
capable of emtting an el ectron beamtowards the

1o PoREingi Be ke eeroa et heoteri & (i nefhpc

cOfprismes so as to forma first pattern (Pl) on the
substrate, the first pattern defining a first
direction (D) on the substrate, -relatively

g.‘ros/m.agian@btshat@lwuhtarroanéq@argeagurcioaseéibeoﬁlatéi,nfa@teebfahe
s to forma second

d |
SHB%:tfqgtten T%ﬁ%‘%ﬁ%"mg §GE§E{%P§% JoseAe"Y8¥ond pattern

-pRNidih§ @ncel6@ESH deﬂhrs%@ht@(EE{S??aa p@Ble breerbithf§ batdecttdtbeam
second direction (D2) being non-parallel to the first

LV RSt NG ENEERY SenidYers ' tne energy and/or dose

-Fhtinay aibplRind eheeaeEGYN @@am AdrySs HRSEMstiE ialtst PRirality of
exposure of the first and the second pattern is

HGRTR S O EPTED A 155k PRI MSRIL OpHINESWBFHA o SBF St RAjtasn defining

et anectih ESNSoA thesiikstite, i s reached on the
over | appi n% portions of the first and the second

‘iRt SispRcnggye elgaidonkhenal arppethy siltstidie Bessigpnd plurality of

ti‘#rh’éd HaP &S BH4EaQkcmt %ﬁéhﬁmﬂ th ﬂférédtféﬂra@é ﬂh@%efcbrﬁé;battern
and the second patterns 2) has a substanti

al |
dgHB Rt eerapEai qqﬁrp@r(QZt))pnatﬁg/%lleHﬁEﬁ- ghe S§§°%%ﬁ<ﬁt&m ¢?) being

n*ohepé}%ﬁéﬂtbr’chéﬁﬁéttd’lr@c@%/noq bihhe energy of the el ectron
beam i mmedi ately before the said passage. 2. A nethod

according to claim1l1, wherein the intensity and/or

\Aﬁi’é‘?él%‘ch@fente% Sh@ﬁ)ﬁ'ro%@e RRANR R tB%hE%%r?y“Qé{Mé ﬁelsm)f during the

unchanged on  ength scal e significant | ar ger
expesuraspithe f'p‘?irimdo %ﬁcoﬂﬁ@aﬂef S ﬁ'ﬁtﬁﬁsmege@oﬁﬁ@t the said

tRRshEIdNFoskltnerfg bf the energy sensitive resist is reached on the overlapping
portions of the first and the second patterns (P1, P2), and

wherein the electron beam during passage of an overlapping portion of the first
and the second patterns (P1, P2) has a substantially unchanged beam intensity
and/or energy, as compared to the beam intensity and/or the energy of the
electron beam immediately before the said passage.

2. A method according to claim 1, wherein the intensity and/or energy of the
electron beam is further substantially unchanged on a length scale significantly
larger the overlapping portions of the first and the second patterns (P1, P2).

3. A method according to claim 1, wherein the electron beam, when forming the
first or the second pattern, has a substantially constant velocity across the
substrate at least when forming the overlapping portions of the first and second
patterns.
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3. A nmethod according to claim1, wherein the el ectron

apr@earpOi when formng the first or the second pattern,
whamomomsabst anti al | y constant vel ocity across PEEDK2009/050036

substrate at | east when foryg ng the overl appi ng

portions of the first and second patterns.4. A nethod

according to claiml1l, wherein the el ectron beam during

formng of the first and/or second pattern (Pl, P2) on

the substrate has a substantially constant intensity

and/or energy. 5. A method according to claim1,

wherein the el ectron beam source is capable of

4ppovieth dtacidediah @6 tdnim beanereimend elestroam@atnéuses etehing of

RGN b T Rl i R

cohelant Mtehgtysitdiak leyeayer | appi ng portions of the first
and second patterns define a two-di nensional array of

dots. 7. A nmethod according to claim®6, wherein the

5t WenetktABa Sicedrain@fd ayindf, Wie‘ielhsch@%ﬂédbﬁbrpbéah %aar&rus capable of
nore directions with one_or nore periods. 8. A nethod

PAREBING HYF EI6CiEPAPRPE, tORmEFiand the srepad lﬁ’éEt@”é bR GRmFCutively

fehiri@n Gitenthefsafl dne dlecBonbeak®, 20, 30, 40, 50, 60, 70,
80, 90, 100, 1,000, or 10,000 nanoneter. 9. A nethod

according to claim1l, wherein the first and/or the

65 ACRREh RPAERFMNG b .cI1dB) 1,a0Bédetn BhePiit@diiyt Nvé?fap?ﬂfgabér@ions of
lines, the direction (DI, D2) of the first and

t%%&'bﬂc?’]@aﬁcéﬁﬁﬁﬁt@lr%dﬁféﬁ ﬁéwownméw@@r 8EeY Gh d8fs-t he
lines. 10. A nethod accordi ng to claim1l, wherein the

first and second pattern (Pl, P2) is approximtely 90
7dEgne&APrrEng teIcime WBer@Hth%’fvﬁé'ld'mi'is'o'l?'r?éfWo@f dots is

pafie@icdh dhel & RbAd HWréctudM%%ﬂﬁ Bné%r%%i*et é?[b%l's third
pattern (P3) with a third direction is fornmed on

the substrate, the first, the second and third

8diArr%%EH&Pa&%ir&19%9tB'cH|ﬁ1d6 ARRERY TR @&ﬁé I%Q/edaeg{a‘?@rﬁum dimension
rel ative to each other . A nmethod according t

o€ Pal/m /12, Jwhidh &0h 30n& 0y 590591 7onB190 1O 16000 chr Ho8RD
nSAYRe(EBS) is at least 0.1, 1, 2, 5, 10, 20, 30, 40,
50, 60, 70, 80, 90, 100,

9. A method according to claim 1, wherein the first and/or the second pattern (P1,
P2) are/is a plurality of parallel lines, the direction (D1, D2) of the first and/or
second patterns being defined by the direction of the lines.

10. A method according to claim 1, wherein the first and second pattern (P1, P2)
is approximately 90 degrees shifted relative to each other.

11. A method according to claim 1, wherein an additional third pattern (P3) with a
third direction (D3) is formed on the substrate, the first, the second, and third

direction being shifted approximately 60 degrees relative to each other.

12. A method according to claim 1, wherein the resolution of the electron beam
source (EBS) is atleast 0.1, 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
1,000, or 10,000 nanometer.
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1, 000, or 10,000 nanoneter.13. An electron beam

apderogr aphy (EBL) apparatus, the apparatus conpri sing
w@eoelegmssy on beam source (EBS) capabl e of em tPCTIDK2009/050036

el ectron beam the apparat usg, being arranged for

performng |ithography on an associ ated substrate wth

an energy sensitive resist on a surface of the

substrate, the resist having a threshol d dose/ energy,

1By Ahedladtirorebyadli IRpbG@IpAY (EBE) abmﬁatum the appacitos sompeasing an

strate a firs i to forma

P i Sl derERSo et B g an Bkt Gamintt or n
tld@lép?@ﬂa@ﬁjﬁbéllngﬁrrﬁg’e@(f?p perf(a%%ngqrthgb@mvbﬁ aratag%ooaatéd

r all ve) | aci n e e ctron eam I oS .
subtEeteri R St S o PHrece g e s bk ite, the resist
haemQnsl tirabh &t ’tiosEnepdly tther@athmethy ats@adrtgetr&e@@adon beam across

attern def|j secon rectio r$1 1)
tRE BUEIE e H firms Pl BuReS O es b & thBiroiainsd Pattérn (PL) on the

s0pstraRr ahé aFsttpaitidie definmlg SfiFgeiteetiof Pb)) owhhe&uBstra®, and
and/ or dose delivered to the ener sensitive

rg'ggg’glg’ WRIPHRI the ClBePesRE b PCE%RE the FHPStg 3 PREOSERIMEplity of

tipddd &F Bs tS feHiBReLOMEPateri (BY) drheheSalidtrale, ecfﬁ@Q:Jedond pattern
dose/ energy of the energy sensitive resist is reach

dsHninged SUENIAPHRAG " G2 i estubeHate ithg Seamy! E'H%Ct'on (D2) being

ndACHH I Babttae FFst dhecti3d) (D13Nd wherein the el ectron
beam duri ng passage of an oOverlapping portion of the

first and the second patterns (Pl, P2) has a

\Aﬂ#ébélh&ﬂb'eﬁ‘ﬂequy Hﬁ@m%@»@ ﬁﬁ@@e’dﬁb&ﬂ@'énﬁrwgérgtl\ﬁ?ﬁfsw durlng the
as conpar ed beam i ntensity and/or the energ%/@éad
|

e?‘H@SLéF&fttP%rﬁ'rﬁe%'Iﬁ thenssgrad eﬂaijteb'éfso‘?' '@"Q%@"&%‘i‘l ¥ a8
tﬂfbsh&d%'ﬂé}”ér?érgi?b@glﬁé‘ﬂh@ﬁg@dé&bt%' registdafkbered 8n€Rakheriapping

a conputer sysfem conpri sugag | east one conputer
pﬁét\wf‘ﬁg‘)fdﬁﬁaf'@t BrGHee ﬁ%%?rﬁ‘§' s3ep4PbdPn@pdwith to
control an el ectron beam | ithography device according

to claim1.
wherein the electron beam during passage of an overlapping portion of the first

and the second patterns (P1, P2) has a substantially unchanged beam intensity
and/or energy, as compared to the beam intensity and/or the energy of the
electron beam immediately before the said passage.

14. A computer program product being adapted to enable a computer system
comprising at least one computer having data storage means associated therewith
to control an electron beam lithography device according to claim 1.



