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Met hods O Form ng Radi ation Patterning Tools TECHNI CAL FI ELD [0001] he
invention pertains to radiation patterning tools, and to nethods of formng
radi ati on ‘gbtg/ ning tools. In particular aspects, the invention pertains to
radiation p PHPHG tools in which a rimis formed proxi MTEV%E8t ure
pattern. The rim |s confi ured to |rrpart a rotatlon in hase to Ilght

passi ng t hriBasia € uitiosls. AndMethods 8hFerming Radiation Pattexalng Teals; phase
inparted to the vvavel engt h of Ilght as it passes through the feature
pattern. BACKGROUND OF THE I NVENTI ON [0002] Photolithography is comonly
used duri n_?§format| on of integrated circuits on sem conductor wafers. Mre

speci fi cal CHYIGALFHELP 1 adi ant energy (such as, for exanple, ultraviolet
se conductBi et er  TARREPLEH BEUS BARERPRPH r&ag?oo&mnﬂﬁ%@wgwanp| e, a
h k d | Ly bei

5@2??? iog frgmpé?rdia'rﬂ%f@aﬁ%mwg t%-'@ﬁﬁﬁ'@?‘?h@ﬂﬁ’é‘% IR lﬁﬁ%&%%gﬁ | r:!tfggof -
pat Ler ni ngCBIP ﬁ#“eﬁ*oeféa@vhgﬁ%r‘r%le sTAegrolfiie® o HBEH BheBF R ey '°
However , t@%oﬁd;f F@c{teﬁm érf)m%t on u?hhégeég li%ﬁggéfrladn%rou %'r}m%ﬂm Jh&;&ufer m are

f requent | y~use erc ahgea so that et can
refer to a, [ rtion or
an entiret yg% r@ets ?n&’?&t%t@%%?ﬂﬁgﬁﬁéﬁ%ﬁt%pﬁ\fer ni gﬁ?cfcl)l rtté%q{ a?’g%r)\ | i ght
restrictivg, Lrgﬂ'tl’ﬂar‘f%aﬂé)ﬁa wexampl e, totally opaque or attenuated/ hal f-toned
regi ons) and Ight transm ssive regions (for exanple, totally transparent
regions) formed in a desired pattern. A grating pattern, for exanple, can
be used to define parallel-spaced conductive |lines on a sem conductor wafer.
The waf er paskeROUNEIFWHENNVENTYER Of photosensitive resist materi al
comonly referred to as photoresist. Radiation passes through the radiation
patterning [bogd] oPhetofithegraphies coinmoplQiked esingtiordiation bRinkhRited dilRaita s K
pattern to the photoresist. The photoresist is then 1 7 J UL 2006 WO
03/ 067330 s¥niitdsblcioPRaiats. Mereapeqitully, @ forensfradianttdmergyt(becheagpfased portions of
phot oresi st for a positive

example, ultraviolet light) is passed through a radiation patterning tocl and onto a

semiconductor wafer. The radiation patterning tool can be, for example, a photomask or
-a reticle, with the term “photomask” traditionally being understood to refer to masks
which define a pattern for an entirety of a wafer, and the term “reticle” traditionally being
understood to refer to a patterning tool which defines a pattern for only a portion of a
water, However, the terms “photomask” (or more generally “mask”) and “reticle” are
frequently used interchangeably in modern parlance, so that either term can referto a
radiation patterning tool that encompasses either a portion or an entirety of a wafer.
[0003] Radiation patterning tools contain light restrictive regions (for example, totally
opaque or attenuated/half-toned regions) and light transmissive regions (for example,
totally transparent regions) formed in a desired pattern. A grating pattern, for example,
can be used to define parallel-spaced conductive lines on a semiconductor wafer. The
wafer is provided with a layer of photosensitive resist material commonly referred to as
photoresist. Radiation passes through the radiation patterning tool onto the iayer of

photoresist and transfers the mask pattern to the photoresist. The photoresist is then
1



phot oresi st or the unexposed portions of the photoresist for a negati_;vdeU 00
phot oresi st. The remaining patterned photoresist can then be used as & A%
on the wafer during a subsequent sen conductor fabrication step, such as,

for exanpl [ | antation or etching relative to materjals. on the wafer
pr oxi mat e f‘ﬁ%ogﬂﬁg{’%?esi st. [0004] Advances in sem conduct %FTﬁWﬁsé(&Fﬁft ed

circuit performance have typically been accorr%ni.ed by a _sinultaneous
es'%‘ri@f%lf’

decr ease |9PVPIRPHiPAPRAVRBifEN e xRoFePoioRe ARG HHYPease in the

O oSO LA SERRRRL AL AR A
o ea! ngdePeBeAEES PREPIRL SR BR bEREh Rs e inas o TR el SRR ot er 1 o
SHRCIE W S
more desi rd iR iioaTz el B 4t BB A BRI der Tof sub. i crome.

The ci rcl e il NaX 8, oALOEH Qi ARBLAGANE AR ol AkdHola RE O BGHP

circuitry, “ suth as, exanpl e, appl _ _ rmng cylindrical
openi ngs. HehfabGdidanfsd 14 Sifhulidheoli2BEd R PRtk Lt HBUED ofrRfsiBAL t er
circles having. dianeters on the order of mcrons and sub-m crons.

Typi cal | y, arfiMpheredss iPRb fhélsbrs f b&rEcel elbhntd @hiche@8nfddt #Hogs. Which can
cause nore sem conductor real estate to be consuned than would be utilized

i circl egtegRrdtieat §8nsatrBE dembndvRi bibrmafi@shieghta direuidedflegBriigidi at i on

patterning tools which could pattern circular shapes at the mcron and

sub- ni cr onitrEY @dmar@ idttevbeasdreasiR@MBhgorERN Sroral adhérts |andeivecul ar shapes
than are produced by present nethods. [0006] O her shapes, besides circular

shapes, CcaRcrBssitie@ilittndnis 0Apradision ahHe RcAOMYUS taiatipn PareRRg withtreticksgener al | y
desired to accurately print the desired shapes, but such is frequently
di fficult.arddfphatositaape i s not accurately printed, it can overlap in regions
where it is not desired, and ultimately lead to circuit shorts, or other
undesi red 200057 ULA 281%6n WDidh3¢ 06T BR0y BSTTEUBOSY i0R2a8ed pr piotarasist id a cirde,t her ef ore
desired to devel op photolithographic nmethods and devices which can be
utilized tanddeombetrarticulary desiedde fasn oipiapbaving diameters on the order of

microns, and even more desired to form circles having diameters on the order of sub-

microns. The circle can have numerous appiications in forming semiconductor circuitry,

such as, for example, applications in forming cylindrical openings. Difficulties exist in

fabricating reticles which can pattern circles having.diameters on the order of microns

and sub-microns. Typically, ovals are paiterned instead of the desired circles, which

can cause more semiconductor real estate to be consumed than would be utilized if

circles could be generated. It would be desirable to develop radiation patterning tools

which could pattern circular shapes at the micron and sub-micron ievel, or at least

generate more substantially circular shapes than are produced by present methods.,

[0006] Other shapes, besides circular shapes, can be desired in various
semiconductor processes. It is generally desired to accurately print the desired shapes,

but such is frequently diificult. If a shape is not accurately printed, it can overlap in

regions where it is not desired, and ultimately lead to circult shorts, or other undesired



SUMMARY OF THE | NVENTI ON [0007] In particul ar aspects, the invention
includes a radiation patterning tool which can be utilized to form
relatively circular contacts in situations in which an array of contacts
has a diff L{.ch along a row of the array than al ong m_ of the
array. An%gﬁ@%’?ﬁ%%"i ng phase shift can give a well-defi ned)%gg[%tog{%”% n the
smal | pitch (dense) direction. RRmshifters are added in the' |arger pitch
di recti on RreblpEecH is thareiqre desivgd te gevaleprphoigiithog@rbigcretrpsisANA§8YiIcesh f ur t her
aspects of the invention, side-|lobe-suppressing patterns can be forned

bet ween adRigkfan B WlizeIRSEUrRIRY RIEN 4PH'SHE32R5F- t he invention is that a

radi ati on patterning tool can be forned and utilized w thout an attenuated
phase shift mask, but instead with only rimshifters provided in addition to

aciai 1 onal SyVRARY OPTEINTENLRSy PSR (7S can be formed to. be | arge enough
exi <t ng t ARSI ogy 1% PapoHaracoRrSy AR bR hsef aRTRTR P RSO are

peeuto- con i arbq ulied P RSy BRI R R M Bl BRBEEREHREL | 000
't oatur o pvie fFad PHER R BRADTRORGRe ArkPLR LD SRR iy, TV N0

rotati on | UlARRokRade I ELFIRE 1Bl b coRBsSh 1 NN P cat ure

pattern. The ra ion Ing too so 1ncludes a rimalong a portion

of the f ea&i}gcﬁorpqﬁ]hﬁlmef}tefféﬂe%laﬁéc}’ indHS 1arde? bitdH PREHM oS8 fr%td(rgtﬂgranﬁof eature

pattern periphery. mis configured to inpart a second rotation in

phase to t I ] Il § .SnglibhdaspRssshyr ough the
rim The sﬂggg}rei@)@c?t% g?ﬁ%@nqiﬁ;\mpr%géséa%é?ﬁfrﬂﬁnn%%gﬁt %%O&t’ oﬁg%outs 90 relative to

the firstpdiRbitdafbeifbim2idstvechMRfBEnt s AMdrgiths! hdVantipBs 6f the tlventdavent i on
enconpasses a radiation patterning tool conprising an array of feature

patterns &g kiheestiatibnRusmRadod eht BB forméthand e@ized Ritout ad Bierd@@a WO 03/ 067330
PCT/ US03/ 02288 patterns are configured to rotate a phase of a wavel ength of
l'i ght as tpaskisbiiimgsasSae stdall voth@nlytrine shifeas progideatr sdditon 1d e féstateur e
patterns include a first type which inparts a first rotation to the phase,
and a secopuitetnspghemvish prespalrdrstha radiation gatterhiag tanh  Additidnally, fireardes of the second
rotation is fromabout 1700 to about 1900 relative to the first

rim shifters can be formed to be large enough (greater than or equal to 0.1 micron at 1
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X} to be readily fabricated with existing technology. Further, if the width and length of
the rims are appropriately modified, side lobes can be eliminated, and accordingly
“pseudo-contacts” (additional sub-resolution windows} can be avoided.

[0008] in one aspect, the invention encompasses a radiation patterning tool
having a feature pattern with a periphery, and configured to impart a first rotation in
phase to a wavelength of light passing through the feature pattern. The radiation
patterning tool also includes a rim along a portion of the feature pattern periphery but
not along an entirety of the feature pattern periphery. The rim is configured to impart a
second rotation in phase to the wavelength of light when the wavelength passes through
the rim. The second rotation in phase is from about 170° to about 190° relative to the
first rotation in phase.

[0009] In a particular aspect, the invention encompasses a radiation patterming

tool comprising an array of feature patterns arranged in rows and columns. The feature
3



rotation. The two types of feature patterns alternate with one another al on
rows of the array. A plurality of first rims are provi ded and confighfléldmpg
inmpart the first rotation to the phase of wavel ength of light. The first
rinms are along. edges of the second type of feature patterns. Also, a
plurality of® éfﬁ‘ﬂgﬁ' rinms are provided al ong edges of the fRGIEYS03PBH of
feature patterns. The second rins are configured to inpart the second
rotation patetrisergbardiguet to dateaviesangitdwafeldngthhdf lightres the light passdssecond ri ns
are along columms of the array. [0010] The invention al so enconpasses

met hods of thfaoghihedeatad ptieos. Jaeteature pgtiern® nclode BRFERVPBESERIPPAGN OF THE
DRAW NGS [ 0011] Preferred enbodi nents of the invention are described bel ow
wi th ref direitotatiervtotthe phasiel and & geceod bipgarithiimparts aiseaegd rotpigoiotherig. 1 is a
di agrammatic, top view of a fragnent of a first enbodi nent radiation

pat t er ni ngPhase! Temewnepd selalipngs fromabputeldBhto abeye T’ sefativedoiefirgtig. 2 is a
diagrammatic, top view of a fragnent of a second enbodi ment radiation
pat t er ni ngrotadien. Eheguresed fegjure patigrpealigsnate Witk goe spctheralangrows gfthg s a

di agrammatic, top view of a fragnent of a third enbodi nent radiation

pat t er ni ng@i@elA RWalhnshirsbims sretiievigidand sentigieehiciimpar thedisirotgigtoa i s a

di agrammatic, top . view of a,frag ng; of a fourth enbodj nent  radiation

pat t er ni ngt"e HBRsER gegth 4f [‘ﬂm*tﬁge YRR Rre aRng saeehof tt‘%@%}’d PP§O5 is a

R C N e e BRI e

03/ 067330 PCT/USQ3/ 02288 17] Fig. 6 i il L hqQw i

02/ 061350 EETLBAGHORREHL 94 it STl LIS PesBE ey 7, "
ticle), j i t . f th

1119, By VRSN BT RS PR R BB T L

The systen{nngvgyrgylﬁength for the simulation was 248 nanoneters, and the
nunerical apertilire was 0.70. [0018] Fig. 7 is an illustration showi ng a top

view of a TEAGIENt G ednJeRfibiPhis®BnooRiphbdds Thdlfodsf forfnitGadibidndakémiry T eticle)
&@y t and aﬁqso

enconpasse he present 1 nvention,
tools.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Preferred embodiments of the invention are described below with
reference to the following accompanying drawings.

[0012] Fig. 1 is a diagrammatic, top view of a fragment of a first embodiment
radiation patterning tool encompassed by the present invention.

[0013] Fig. 2 is a diagrammatic, top view of a fragment of a second embodiment
radiation patterning tool encompassed by the present invention.

[0014] Fig. 3 is a diagrammatic, top view of a fragment of a third embodiment
radiation patteming tool encompassed by the present invention.

[0015] Fig. 4 is a diagrammatic, top view of a fragment of a fourth embodiment
radiation patterning tool encompassed by the present invention.

[0016] Fig. 5 is a diagrammatic, top view of a fragment of a fifth embodiment

radiation patterning tool encompassed by the present invention,



showing a graph at sigma 0.35 of sinulated contact openings forned frgo Lt{)ﬁ
radi ation patterning tool. The system wavel ength for the sinulation was %
nanoneters, and the nunerical aperture was 0.70. [0019] Fig. 8 is a

di agr anmat i oba@33 ew of a fragment of a radiation patter);
enconpassed by the present invention. Fig. 8 illustrates Cﬂr?fgg%_o%/ézg?z% onal

views 2 and 4 which are utilized in the drawings 9-58 which follow

Speci fi cal [§017kach &¥9. 6de aniliHgfeation skovdogd farsdew af pipgmertt of pabeRtt s of a

radi ation patterning tool shown in cross-sectional view A |eftnost
fragment ofdighen patiepingstog{spgr!licrling retise)| ande graph govinga simgllatethepniact | ght nmost
fragment of the pair i s shown al,on% tt}%? i ne 4-4 of, Fig. 8. Fig. 8 shows a
conpl et ed Ratteltionped from theraiicle Wil aSratia cohsrenep githedithography rs‘-'éfé‘?fgnd to

exenpl ary processin ich can form such conpleted structure. [0020] Fig. 9
Shown o+ AR or0 B 1R IR Pater AL eea iR on A48 HAT S A b1 ng
step of a first er[airaodirgjent g Hod of the present invention for formng a
radi ati on %QPF@PW? PR W B ir of fragnents of the substrate are
illustrate ith a_leftnost fra nt. of .the pair rrespondi to line 2-2
of Fro . 1t ne” A aR st B Tokingh e 4 vESPFELEEREIAEn, o
Cross-sect| a o Lne 4- f _FElg. I.Q. i

di agr ammat ;?%t?arr@gg@ gl-(égeg%{ﬂf}%[&afiA}?/tf&eea/%@nt%ﬁggﬁ bdltﬁg %Eérsgg{n'g\fﬁnﬁgn’saﬁ 8%'”? at a
rocessin > t ha i i i.Sy:a:

P gsh%hﬁ@raz@gﬁtg%ﬁ%% g]%s o? @ﬂ'nu ec{: %ogtaﬁ?(aa.e[ng'\%%r%mﬁdmonﬁke radidtion

di agranmati C, VI EW O agnents shown at a

Dy OCeSS! N3l A S o GuehRhoffiorthSmbioPuds JabhinRR: URARE 067330

PCTI US03/ I's a“di agranmat| ¢ cross-sectional view of the

Fig. 9 fragmedies apeR@Whvaalo. fo.Processing step subsequent to that of Fig. 11.
[0024] Fig. 13 1s a diagrammtic, cross-sectional view of the Fig. 9

fragnents (ghyapn at Fy. BNiS& ABJrEMEIS RpSAHNERIRIYMENPof dRidiaBbn FatmiAg. [ 0025]
Fig. 14 is diagrammatic, cross-sectional view of a pair of fragnments of a

reticle s L!Béltér@brﬂpéﬁé@%%ﬁfie FrofinE InvERtidal ¥ighs MI0Seabd6rosd-Sdttithal disfgoNd
enbodi mrent nethod of the present invention. A leftnost of the shown

fragment s &4 |ppeaGUtiliRddn e @adngs 058 fulict\ Sdeefigalfyheadnigte 2-2 of Fig.
8, and a rightnost fragnent corresponds to a view along the line 4-4 of
Fig. 8. drawings 9-58 comprises a pair of fragments of a radiation patterning tool shown in
cross-sectional view. A leftmost fragment of the pair is shown along the line 2-2 of Fig.
8, and a rightmost fragment of the pair is shown along the line 4-4 of Fig. 8. Fig. 8
shows a completed structure, and the embodiments of Figs. 9-58 correspond to
exemplary processing which can form such completed structure.
[0020] Fig. 9 shows a radiation patterning tool substrate at a preliminary
processing step of a first embodiment method of the present invention for forming a
radiation patterning tool. A pair of fragments of the substrate are illustrated, with a
leftmost fragment of the palr corresponding to line 2-2 of Fig. 8, and the rightmost
fragment of the pair corresponding to a cross-section along the line 4-4 of Fig. 8. -
[0021] Fig. 10 is a diagrammatic, cross-sectional view of the Fig. 9 fragments
shown at a processing step subsequent to that of Fig. 9.

[0022] Fig. 11 is a diagrammatic, cross-sectional view of the Fig. 9 fragments

shown at a processing step subsequent to that of Fig, 10.



[0026] Fig. 15 shows the Fig. 14 fragnents at a processing step subsegyani,,,
to that of Fig. 14. [0027] Fig. 16 shows the Fig. 14 fragnents at a
processi ng step subsequent to that of Fig. 15. [0028] Fig. 17 shows the

Fig. 14 fra\g@%ﬁsﬁt a processing step subsequent to thaé)cg%%g&&iﬁsla

[ 0029] Fig. ows the Fig. 14 fragnments at a processin sequent
to that of Fig. 17. [0030] Fig. 19 shows the Fig. 14 fragnents at a
processi ng@8A28p subdiguris adipgramipaticerossisgotiong! vigwoBE Fid. § frag@mesisows t he
Fig. 14 fragnments at a processing step subsequent to that of Fig. 19.

[ 0032] Fi gshopn as ppyRsepsied riep subseaperddivat &f Fig- 1. processi ng st ep subsequent
to that of Fig. 20. [0033] Fig. 22 illustrates a fragnentary,

cross- sect (41 vi elidfl34s 8o {61 Pss-eqpend! é('teé’cgmﬁ/ﬁg-a?fréw i mi nary
processing step. of a third enbodi nent rret(go’:d of the present invention.
Speci i cal FPWNEt § Prosessing §lep subseguent At g 1ggrent s of the substrate,
with the leftnpst fr nt corresponding to the view al o the |line 2-2 of
Flo. 8 and RGBT i giiierane FRRERoCa e w5 a3 PEOraiR it 1 | ne

- f Fig..8. 03/ / / ig. i
U owor e gersia gt S P BRI S i ueni o tiat
Fig. 22. [003 Fig. 24 i [ i qg. t
BL ocessi ng"ePERo baBasuaveTe T KSRl et sl el TR SuSEN] U fe?v of
Fig 2 . . i Fig.
24, [ 0037] rerepf St e AR 18 % 20 ORR" JBa 3 A RaGRUR b b ohIE | Occi ng
step S“bst%%qﬁ’éu:albﬂ%{ﬂéa%eﬁugﬂﬂg. a25. [0038] Fig. 27 is a view of the Fig. 22

fragnents shown at processing step to that of Fig. 26.
[0026] Fig. 15 shows the Fig. 14 fragments at a processing step subsequent to

that of Fig. 14.

[0027] Fig. 16 shows the Fig. 14 fragments at a processing step subsequent to
that of Fig. 15.

[0028] Fig. 17 shows the Fig. 14 fragments at a processing step subsequent to
that of Fig. 16.

[0029] Fig. 18 shows the Fig. 14 fragments at a processing step subsequent to
that of Fig. 17.

{00301 Fig. 19 shows the Fig. 14 fragments at a processing step subsequent to
that of Fig. 18.

[0031] Fig. 20 shows the Fig. 14 fragments at a processing step subsequent to
that of Fig. 19.

[0032] Fig. 21 shows the Fig. 14 fragments at a processing step subsequent to
that of Fig. 20.

[0033] Fig. 22 illustrates a fragmentary, cross-sectional view of a semiconductor
substrate shown at a preliminary processing step of a third embodiment method of the
present invention. Specifically, Fig. 22 illustrates a pair of fragments of the substrate,
with the leftmost fragment corresponding to the view along the line 2-2 of Fig. 8 and the

rightmost fragment corresponding o a view along the line 4-4 of Fig. 8.
6



[0039] Fig. 28 is a view of the Fig. 22 fragnents shown at a processing,sf6P
subsequent to that of Fig. 27. [0040] Fig. 29 is a view of the Fig. 22
fragnents shown at a processing step subsequent to that of Fig. 28. [0041]

Fig. 30 is I f the Fig.. 22 fragnents shown at a pr I tep
subsequent \%K{/ﬁ;ﬁ%ﬁof Fig. 29. [0042] Fig. 31 is a view o?’%t%ﬁ%b%%s.% 22

fragments shown at a_processing step subsequent to that of Fig. 30. [0043]
Fig. 32 is B0lagr anfiiatddis acieysel e Eig; Shiponsnisshewnat eirpeaseing 8188t r at e
shown at a prelim narg rocgﬁsi ng step of a fourth enbodi nent net hod of the
present i AVRSSEYHIC tg‘g%':@ Fllustrates a pair of fragnents of the

Substrate Wbl S BEABRLSotiErsl ORRRR: SRV ™ v

correspondi to e Vview.algong the line 4-4 of Fig. 8 [0044] Fig. 33 is a
vi ew of thétﬂ%ea?e@t}tf‘?taﬁ\#&ﬁg- shown at a processing step subsequent to that

of Fig. 32. 45] FLQg.,34 1S a V| 0 he Fi 32 fra nt.s wn at a
processi ng @bg@ sub[!:s'g'q%éﬁta ki ?fﬁhgw'gf é%{r%gme\zﬁgsq)wp ?&pqg%ﬁgn%\%g 3/ 067330
PCT/ US03/ 0228 i is aviewof the Fig. 32 fragnents shown at a
pr ocessi nggéqsgﬂé&gﬁbgb%@dg@'%tﬁb that of Fig. 34. [0047] Fig. 36 is a view of

408 Foaag; ApbSATTEN Ao SRR Rl B 1RE RECEPHAgneHh S Bhoui BRGAIERNING Geb 1t Of 1 &

35. [0048] FIg.” 37 is"a view own al a processing

step subsg bork @ 8084 F o6 9. 36. [0049] Fig. 38 is a viewof the Fig. 32
fragnents sﬁ%ﬁ eat a prochdssi ng step subsequent to that of Fig. 37. [0050]

Fig. 39 is posdjadr anmgidCis 0w arths Figl @ﬁégrﬁérﬁy‘érﬂwnaatragﬂb@ésbiﬁ@sﬂéé% erning
tool shown at a prelimnary processing step of a nmethod of the present

i nvention. yfBiFig4®. | | l ustrates a pair of fragnents, with the |eftnost
fragment corresponding to the view 2- 2 of Fig. 8, and the rightnost

fragment copbsgypondi g, 480is ahievw biehe figdeDiradrhdhts Shown at a processing step
subsequent to that of Fig. 27.

[0040] Fig. 29 is a view of the Fig. 22 fragments shown at a processing step
subsequent to that of Fig. 28.

[0041] Fig. 30 is a view of the Fig. 22 fragments shown at a processing step
subsequent to that of Fig. 29.

[0042] Fig. 31 is a view of the Fig. 22 fragments shown at a processing step
subseguent to that of Fig. 30.

[0043] Fig. 32 is a diagrammatic, cross-sectional view of a reticle substrate
shown at a preliminary processing step of a fourth embodiment method of the present
invention. Fig. 32 illustrates a pair of fragments of the substrate, with the leftmost of the
fragments corresponding to the view along the line of 2-2 of Fig. 8 and a rightmost of the
fragments corresponding to the view along the line 4-4 of Fig. 8.

[0044] Fig. 33 is a view of the Fig. 32 fragments shown at a processing step
subsequent to that of Fig. 32.

[0045] Fig. 34 is a view of the Fig. 32 fragments shown at a processing step

subsequent to that of Fig. 33.



[ 0051] Fig. 40 shows the Fig. 39 fragnents at a processing step Sume‘?‘ﬂﬁf‘ﬁooa
to that of Fig. 39. [0052] Fig. 41 shows the Fig. 39 fragnents at a
processi ng step subsequent to that of Fig. 40. [0053] Fig. 42 shows the
Fig. 39 fr t a processing step subsequent to that of Fig. 41.

[ 0054] Fi g?@g‘@&}éﬁ%@s the Fig. 39 fragnents at a processi nd<J{E8* &bk equent
to that of Fig. 42. [0055] Fig. 44 shows the Fig. 39 fragnents at a
processi ng [646p subdéaGeir a view of thetFigf32Magmend. shp@O66] precessingSstethows t he
Fig. 39 fragnents at a processing step subsequent to that of Fig. 44.

[ 0057] Fi cgubsasgiuen tgélﬂa’ﬁéfﬁig 3f-di agrammatic, cross-sectional view of a

radi ati on atterning tool substrate at a prelimnary processing step of yet
anot her e Thent &f0- 3Blifea Ypw b e Figniaitegpentsishgwn aba plocessindtes a pair of
fragnents, with a leftnost fragnent 8 7 JUL 2006 WD 03/ 067330 PCT/ US03/ 02288
cor r espondiulgequsNt lRdna}ob[923% of Fig. 8, and a rightnost fragnent
corresponding to the view 4-4 of Fig. 8. H%OSS Fig, 47 shows the Fig. 46
fragments & ]procézé%ie'ﬁéﬁ%’t"éwoéﬁﬁfé%@@ﬁ'iag ntsS gwn%?apqo&gssm_stefmog,g] Fi g.
48 shows the Fi % 46 fr? nments at a processing step subsequent to that of
Fig. 47. [BO8eueRighal9' EHoWs the Fig. 46 fragnents at a processing step

subsequent to _that of Fig. 48. .[0Q61]_.Fig. 50 shows the Fig. 46 fragnents
at a proced®@43} steﬁ%&gé%%ﬁﬁ'g‘f‘ft‘)f [t@%@.ﬁ&tfragfneﬁs .ﬁo‘ﬁ@?‘tffﬁﬁgﬁﬁsgﬁsg?p 51 shows
the Fig. 46 . fra nts.at -a pyocessing step subsequent to that of Fig. 50.
[ 0063] Fi gs.”bg%“gﬁg\ﬂéhaéoigglgﬂt"i on patterning tool substrate at a prelininary

[0050] Fig. 39 is a diagrammatic, cross-sectional view of a radiation patterning
tool shown at a preliminary processing step of a method of the present invention. Fig.
40 illustrates a pair of fragments, with the leftmost fragment corresponding to the view 2-

" 2 of Fig. 8, and the rightmost fragment corresponding to the view 4-4 of Fig. 8.

[0051] Fig. 40 shows the Fig. 39 fragments at a processing step subsequent to
that of Fig. 39.

[0052] Fig. 41 shows the Fig. 39 fragments at a processing step subsequent to
that of Fig. 40.

[0053] Fig. 42 shows the Fig. 39 fragments at a processing step subseguent to
that of Fig. 41.

[0054] Fig. 43 shows the Fig. 39 fragments at a processing step subseguent to
that of Fig. 42.

[0055] Fig. 44 shows the Fig. 39 fragments at a processing step subsequent to
that of Fig. 43.

[0056] Fig. 45 shows the Fig. 39 fragments at a processing step subsequent to
that of Fig. 44.

[0057] Fig. 46 illustrates a diagrammatic, cross-sectional view of a radiation
patteming tool substrate at a preliminary processing step of yet another embodiment of

the present invention. Fig. 46 illustrates a pair of fragments, with a leftmost fragment



processi ng step of yet another enbodi nent of the present invention. ijg.%?(’%(
diagrammatically illustrates a pair of fragnments in cross-sectional v =T
with a leftnost of the fragnents corresponding to a cross section along the
line 2-2 of and the rightnost of the fragnents corresponding to a

vi ew al ong Wﬁ:ggfpﬁ723é’ 4-4 of Fig. 8. [0064] Fig. 53 shows tHHETANY0288

fragnments at a processing step subsequent to that of Fig. 52. [0065] Fig.
54 shows tdoereFpandirg2o theagem At2sof &rig. &, gndocrighthneg frepeenisasyeerpnding te the t hat  of
Fig. 53. [0066] Fig. 55 shows the Fig. 52 fragments at a processing step
subsequentVigwad-4H 9.8 Fig. 54. [0067] Fig. 56 shows the Fig. 52 fragnments
at a processing step subsequent to that of Fig. 55. [0068] Fig. 57 shows
the Fig. S@ngnent*:skg-dF shoye §edds; 46 fragmepts sl p Peapaesing step suhsgauesttai g. 56. 9
7 JUL 2006 WD 03/067330 PCT/ US03/02288 [0069] Fig. 58 shows the Fig. 52
fragment s tH&t % Fisk 4Bessi ng step subsequent to that of Fig. 57. [0070] Fig.
59 is a diagrammtic, top view of a _fragnent of another enbodi nent

radi ati on ;5&59& ni nd:' ig. #8ishatie 19gas dEdragrepis &t B PESERTING FifR AthsEAVet B0 71] Fi g.
60 is a di agr aflgmati c, top view of a fragnent of yet another enbodi nent

radi ati on tﬁ t ¢ fgnf‘ﬁg t ool enconpassed by the present invention. [0072] Fig.

61 | di tic, t ' g f t of yet angth mbodi ment
Cadiat 1 on SHEBLr i nde dbientiE Bintie B8R TRe! BPekBh Y RoGRISBALT [0075] Fig

62 is a di %Ira}gmat4 c, top view of a fragnent of yet another enbodi nent
radi ati on%1 Y& 'g tool enconpassed by the present invention. [0074] Fig.

63 is a di ti G i : f t.. of . r | ment
Fadiat on PR hr ni g% Saengh Hedia 20 BeiRe: b A b inss B AT e
DESCRI PTI QN rilg PREFERRED EMBCDI MENTS [0075] In particular aspects, the
i nventi on enconpasses new radiation patterning tool constructions, as well

as various gbfods il oh QBB the gl 148 tHagMe PRt & ptdi@ssing step subsequent to
that of Fig. 50.

[0063] Fig. 52 shows a radiation patterning ool substrate at a preliminary
processing step of yet another embodiment of the present invention. Fig. 52
diagrammatically illustrates a pair of fragments in cross-sectional view, with a leftmost of
the fragments corresponding to a cross section along the line 2-2 of Fig. 8, and the
rightmost of the fragments cotresponding to a view along the line 4-4 of Fig. 8.

[0064] Fig. 53 shows the Fig. 52 fragments at a processing step subsequent to
that of Fig. 52.

[0065] Fig. 54 shows the Fig. 52 fragments at a processing step subsequent to
that of Fig. 53.

[0066] Fig. 55 shows the Fig. 52 fragments at a processing step subsequent to
that of Fig. 54.

[0067] Fig. 56 shows the Fig. 52 iragments at a processing step subsequent to
that of Fig. 55.

[0068] Fig. 57 shows the Fig. 52 fragments at a processing step subsequent to
that of Fig. 56.



tool constructions. Exenplary radiation patterning tool constructions, ;4
enconpassed by the present invention are described with reference to H gs.
1-5, 8 and 59-63. [0076] Referring initially to Fig. 1, a first enbodi nent
radi ati on ing tool construction 10 conprises an arr f feature
patterns 1 ét??g&n%%d in vertically-extending colums and PBUshnzss

hori zontal | y-extending rows. The feature patterns 12 are divided between a
pair of deflPPRSH typddg. 58mbews thedfig.\b2 fragmenisfat a peoopasing ptep salpsegredto 12 are a
first type 14 (also referred to herein as first feature patterns) and others
are a secWﬁHOfﬁ:%§7-16 (also referred to herein as second feature patterns).

The first té$e of feature pattern rotates a phase of a wavel egqgjth of 1ight
to a first [B990nt at iFh 58ds 8 RiBgramR@iceivgtvip W SSegment dagrther emapdmene second

type of feature pattern rotates the phase of the wavelength of light to a
second or i B4R 8??'9%”9??@ WE\%W@%’%\%@'@?"FWS@@’?'H. The second

i i be fr b 170 b 9 | at i he fi 10 7
SUL 2006 VPO o6y 3 BEK tdssrbmaR: B e A meRky BLATHRT: 1800 rel at i v
tot he fi rst, ori eq_ta.iton, gnrd ce%n Ibe exact I% 1%0 rselﬁt\i’v 0to the_ fi rst
ori ent at i off™P a |r%c§ﬂ? 'OB:P? ieﬁ]{‘fgt R? 3&8}%@35‘3? l?ye Sé’fef MBSt adi ati on

tt i 10 wi | | [ ti t el b tili t f t
Phot o es S M08 oseq T 61,8 RBHIaR; 0P et Bdraheb B eh A7 act at i o
pat ter ni N9t 00lmdld rad A/ RBII-GR0d AnBEhdslod \RRPALAF FRliby can be in any

desired pa n parti applications, ures are substantially

circular, aphaian. T4, 6218 RlaBrarifa R RELIcH iRt Y ehafbigr Of S of

measur enent’. 0077] e shown enbodi men second types of

feature pathesdifenFhdi@iiHaRetbdto %ﬁc&ﬂ%s@é‘dbﬁh?%ﬁs%ﬁ%vé?ﬁioﬁ.he array, but do

not alternate wth one another ™ along colums o e array. [0078] Each of

the,featurQomtjtern%?%%@ala%iémﬁé%,toaww@atfragrﬂeh{&%mﬁdtm of Fig. 1 a
peri phery of a'first Teature pattern 14 is |abel'ed with the nuneral 18, and

a peri pher ymp&fimént s&siaiva aaﬁaatnwfao@@hb@ﬁpsaségu bySthb pReftinWritibn.numer al  20. The
shown, preferred peripheries 18 and 20 are rectangular in shape, and in the

specific enbodinent of Fig. 1 are actually square in shape. Periphery 18 of
the first feature pattern 14 has a first pair of opposing sides 22, and a
second pai DETAILEPDESCRIPFIGe ©F2PHE PREFPRRED EMBORIMENTS

[0075] In particular aspects, the invention encompasses new radiation
- patterning tool constructions, as well as various methods for forming radiation pattering
tool constructions. Exemplary radiation patterning toal constructions encompassed by
the present invention are described with reference to Figs. 1-5, 8 and 59-63.

[0076] Referring initially to Fig. 1, a first embodiment radiation patterning tool
construction 10 comprises an array of feature patterns 12 arranged in
vertically-extending columns and horizontalily-extending rows. The feature patterns 12
are divided between a pair of defined types. Specifically, some of the feature patterns
12 are a first type 14 (also referred to herein as first feature patterns) and others are a
second type 16 (also referred to herein as second feature patterns). The first type of
feature pattern rotates a phase of a wavelength of light to a first orientation as the
wavelength passes through it; and the second type of feature pattern rotates the phase
of the wavelength of light to a second crientation as the wavelength passes through it.

The second orientation can be from about 170° to about 190° relative to the first
10



second feature pattern 16 has a first pair of opposing sides 26 and a_ second
pair of opposing sides 28. [0079] A plurality of first rins 30 are f ottietf00
al ong the opposing sides 22 of first feature patterns 14, and a plurality
of second rj 2_are fornmed al ong opposing sides 26 of second feature
patterns 16W8§i’/56§?:%ri ms 30 inpart a rotation in phase to tHMd/USR0R#%engt h of

| i ght passing through the rins which is preferably fromabout 170 to about
190 from tdlientatibrdicao be phaste 80anetatide twythé firss bridrasttion andmantoeraxadity, 188hd whi ch
nore preferably is about 1800 relative to the rotati on phase caused by
first featraledveatthetingt dibntatiamdT ekt passingphotigh teatwye paiteensat? dfiradi8iprr el ati ve
to the rotation in phase caused by the first feature pattern. In contrast,
second ri matdmingstasld Oavill oitisaielybe utilipgehiodorof featuees aneaveiiatorgsist axposdddghnt passi ng
through the rins of fromabout 170 to about 190 relative to the rotation of
phase caudhel lighy agerdbias fagegd theougaradiation petterpivadogh i@ Eheitsaiures formeslin 11 7 JUL
2006 WO 03/067330 PCT/ US03/ 02288 180 relative to the rotation in phase
caused by thepbeidresisheairie ipany eesived @atternd Inenasiiculargpelicgtiatse inglesiuies atsact | y
180 relative to the rotation in phase caused by the second feature pattern.
[ 0080] Fr owestaatially sieuai @l eavolpe exareple. desgrpetralrples theithin agors #ent i on can

i ncl ude enbodi nents wherein the rotation in phase caused by second feature
patterns 1Bedsyirere8Mct |y out of phase with the rotation caused by first
feature patterns 14; wherein the rotation in phase caused by second rins 32

i s identicdO7b t hat" hesbeyn gioedimept. thedirghadd sgeanddynes Oiiﬁa'"ﬁ%BaW@T' ein the
rotation in phase caused rgey irst rins 30 ig{]éjentical toﬁ‘hat caused by
second f edd§MatgWith eneganofier a[cﬁ%‘i‘ﬁ's 9fthe &rmayn PRYLFQ 1RL AltarBRte With 958 &Botger

[ nterpretioaqg t hi s di §gl osure and the clains that follow, a stated relative
ori ent at i FHOMGCHYER T NRATH- phase is to be understood to enconpass the

descr L beo AT 2en 3 u b e PARIREHR e AR e cer
e o o R RoP  BRPPe R AL R B R L5
oo ot oo Bt AT FR B e Ml L5 °°

peripheries 18 and 20 are rectangular in shape, and in the specific embodiment of Fig. 1

are actually square in shape. Periphery 18 of the first feature pattern 14 has a first pair

of opposing sides 22, and a second pair of opposing sides 24; and periphery 20 of

second feature pattern 16 has a first pair of opposing sides 26 and a second pair of

opposing sides 28.

[0079] A plurality of first rims 30 are formed along the opposing sides 22 of first

feature patterns 14, and a plurality of second rims 32 are formed along opposing sides

26 of second feature patterns 16. First rims 30 impart a rotation in phase to the

wavelength of light passing through the rims which is preferably from about 170° to

gbout 180° from the rotation phase caused by first feature pattern 14, and which more

preferably is about 180° relative to the rotation phase caused by first feature pattern 14,

and even more preferably is exactly 180° relative to the rotation in phase caused by the

first feature pattern. In contrast, second rims 32 cause a rotation in phase of the

wavelength of light passing through the rims of from about 170° to about 190° relative to

the rotation of phase caused by second feature pattern 16, more preferably of about
11



900, etc. Another way of expressing the sanme concept is that it is thﬁ nLeEoos
difference in phases described herein and recited in the clains, rat Ly
than a total difference in the phases. [0082] An effect of the rinms 30 and
32 can be t Lter a shape of an inage of |ight passing through feature
patterns 14‘98355‘%%?0 and specifically to formthe |ight i ntP&TéUS%Wzés circul ar
shape than woul d occur in the absence of rins 30 and 32. In the shown

enbodi nment180t uative &t the eotptidnt ie phaselchuasdibyl Sechad tvaturs heftarer 6 pandadveet ween t hem
along rows of the array than along colums of the array, and the rins are
provi ded ondrg praferablg of bxaste i 845 reletivedi thectotaginn (n phase cawdeg byltmgpoeh@ col umms

of the array). In other words, the rins are provided only partially around
t he peri pHeatiepage he feature patterns, rather than being entirely around
such peripheries. Such can sinmplify fabrication of the illustrated

structure, [9080} hat From Ehedizqussion abqvaut is@Rrparep| that the irwpationtean inslugdei vel y wi de
expanses of the 12 7 JUL 2006 WD 03/ 067330 PCT/ US03/ 02288 Ion%_pi tch

di r ect i on eReEIMENtRVhereRdhe, Eigtion tRhnsR sadsedbyiseondigriuregpatiemsdieriect i on, and
in sonme applications that were not be suf_fi;;i ent roomin the short pitch

di r ect i on $8stviaybof phage witadhs rotadam Fayped py fist feplii pattarnt 14 vhereininged al ong
only the long pitch direction can be sufficient to i ove an i mge

gener at ed rBE?g?rﬁ' pﬁ@%‘? ?ﬁ'”é%bi’?%“roﬁ‘ rgFrets iHentige V,thgﬁ@u%%bycfﬁtﬁ%gg oval s that

o0l e 0 ARG 8, L oA NIRRT L™

ted f h b dj.st "D, d the individual ri tend
P o SR B L2, T and e il i extend
to Fig. 2, d i iati 40 4.5 .. trated.
1% BT R R R T ot el L1
200y 1 VAL AMAD a0k B g ASLERBE QR o cOr O 191

first ri ”%n@ﬁg@él% tﬁ&&%&ﬂbéd %nﬁion,’%n%grhadt%itﬂ'g\ tB%ﬁ&%&as%%ﬁw% EFié}ﬁatfg‘JB? ar r anged

in an array g colums and T ows, reis a stance bet ween

adj acent. TGREURIRGHS GF-960°Abi08 theldifted A0 SorRispbifends bBiveer % rofilitance " '

of the tool 40 can be't sane or different than the di stance e

tool 10 qf pkds; where@Nd ah fhidgeR] Fal inftaiedi TR il Bift His8EHIAGe B t ool 40
will be larger than that of tool 10. In either tool 10 of"Fig. 1 or tool 40
of Fig. 2,geHbmtednrcetatibh irtsHash whth®i80° relative to the rotation caused by a first type

feature, it is to be understood that the actual differences in rotation could be 180°, 540°,

900°, etc. Another way of expressing the same concept is that it is the net difference in

phases described herein and recited in the claims, rather than a total difference in the

phases.

[0082] An effect of the rims 30 and 32 can be to alter a shape of an image of

light passing through feature patterns 14 and 16, and specifically to form the light into a

more circular shape than would occur in the absence of rims 30 and 32. In the shown

embodiment, the feature patterns 14 and 16 have a shorter pitch between them along

rows of the array than along columns of the array, and the rims are provided only in the

longer pitch direction (i.e., only along the columns of the array). In other words, the rims

are provided only partially around the peripheries of the feature patterns, rather than

being entirely around such peripheries. Such can simplify fabrication of the illustrated

structure, in that it is easier {o fabricate rims within the relatively wide expanses of the
12



the size of feature pattern which is ultimately to be formed with the tu&g 6
[0085] The rinms 30 and 32 do not extend an entirety of the distance bé]t é%
adj acent feature patterns along colums of the array, but rather adjacent
rinms along_ columms of the array are separated from one an [ a

di st ance "0 3[’({9&%] In the shown enbodi nent, side | obe sﬁg%}&:’éﬁsﬁ patterns
40 and 42 are provided between adjacent rins along the colums of the
array. Thelogg @isch diisetionsthppwikisitheynasim @Parsesof heehart @f“Prf diresten. @pdé of

pattern than the side | obe suppressing patterns 42. Specifically, the side
| obe suppr 8y8¢ ﬁ@’"ﬁ&ﬂ@éﬂ%wﬁtﬁ 'é\‘?t@eﬁP@P‘@F‘HBP’V in @Sﬁf‘%m“%bd"te@“‘?rbfPéWE t he

wavel engt h of ht passi ng through them by from about to about 190

rel ative tﬂmﬁhéd igenadly, diris f‘ﬁﬁﬁﬁ%ﬂ"ﬁ@@?@ aﬁ“ﬁé’”@(ﬁh%lﬁ”%Pti%‘i“r%f‘%cad‘f % he

patterns In contrast, the side | obe su es tter are

pr ef er abl yS‘éfB‘?\?'?té%F@ﬂo‘{ec?nl@ageQ?JI’_erQTG@gV\WSfﬁgtﬁ@d’ﬁg Iﬁg%t g)’@? 8 rotate
the wavel ength of |light b om.about 1700, to about 190 relative to the
rotation %’ﬁﬁ?ef Ry tﬂ@Wo%otEmﬁ@nsrq 9os5raled 1o YAP CUPYY PP¢He patterns 42.
[0087] Sin e wavel| e t h of

sbou é?O(:[ﬁg)éﬂgoth Wﬁé}?ﬁi?fﬁﬁr’%@rg% ‘E‘gtﬁt RigehiiexiRiRy @&f&gﬁ.tﬁﬂrl S
t t t t at
Ik o s i) A R T R 5

suppressin tf?%tgzto%&h.da%tz?@%%%bl{%ptﬁé%% e{aﬂfern wavel ength of |ight by about

t he sane a as rins efera Fotation caused by side | obe

Suppr essi ngopght ern ﬁ% Pﬁhélt |§. %%&%o%@%}nbﬁm%%&&%n&%@te%ﬁ" gAbdi\48 j L0 that

caused by rins"30; an afion o cause I de I obe "suppressi ng

patterns 42 willy bs%m?%@%g]b%ﬁﬁ%1s%m£e>&aa.tae%%ﬂb%%é?Ao@ab 48 1o Hjddoarfold 1 O

caused by rins 32 I stinction betveen the si obe suppressing

pat terns 4Q.h6ing e tobl8lodk F}ge1t\9hér5§p;§r%§ﬁé¥é eaRRtdifiyi Soct 40 %Bﬂpﬂ&s first that
side | obe suppreSsing patterns 40 and 42 do not correspond to any i mage

that is ul fdafiRé phtterRd 14)s86brRNe@uidipateme I6ShrstamiRosteshd cohd 6RAS 3paABLNY
t hrough tool 40. Instead, side |obe suppressing patterns 40 and 42 only

have a f un%lf@étu@fpaabmeewa@rraa@eu Fegreartay RMg Ryluing Ahd PA&ES aRgtHebd i9@gh
features patterns 14 and 16. A pattern which generated a separate and

di stinct i se@acsvibdivizenadiaesahtiefureatib@s along i doims ofittkearta3hernguppr essi ng
pattern. [0089] The side | obe suppressing patterns 40 and 42 can cause

i mages def disadce “D” of the too!l 40 can be the same or different than the distance “D” of the tool

10 of Fig. 1, and in typical embodiments the distance “D” of tool 40 will be larger than
that of tool 10. In either tool 10 of Fig. 1 or tool 40 of Fig. 2, distance "D" can be about
the size of feature pattern which is ultimately to be formed with the tool.

[0085] The rims 30 and 32 do not extend an entirety of the distance between
adjacent feature patterns along columns of the array, but rather adjacent rims along
columns of the array are separated from one another by a distance “E”.

[0086] In the shown embodiment, side lobe suppressing patterns 40 and 42 are
provided between adjacent rims along the columns of the array. The side lobe
suppressing patterns 40 are a different type of pattern than the side lobe suppressing
patterns 42, Specifically, the side lobe suppressing patterns 40 are preferably
configured to rotate the wavelength of light passing through them by from about 170° to
about 190° relative to the rotation imparted by the rims 30 on either side of the patterns

40. In contrast, the side lobe suppressing patterns 42 are preferably configured to
13



by |ight passing through feature patterns 14 and 16 to be nore circul ar, than
the inmages would be in the absence of the side | obe suppressing patt?aflﬁ's?om’
Accordingly, it can be preferred to utilize enbodi nents exenplified by tool
40 i nstead of enbodinents exenplified by tool 10 of Fig. 1. However, the

i ntroducti o®Od#°¢A¥ si de | obe suppressing patterns 40 andFAS430R388
additional conplexity to fabrication of a radiation patterning tool, and
such can cpiste trebagiongth o lightdylont aledit by0°ttwabout o0 aelatvepiogheratatidnunder
particular conditions. [0090] Referring to Fig. 3, another exenplary

enbodi ment ingfartad ligidibgttheorims pabh eitimarsgletod tle pattems@assed by t he present
invention is illustrated as a tool 50. In referring to Fig. 3, simlar
nunberi ng i[80&RA]i | i zeSines theabnsBqdefalativerotate tie savelbngil of gt bdfrdmabblutl 2006 WO
03/ 067330 PCT/ US03/ 02288 enbodi nents of Figs. 1 and 2, where appropriate.
Accor di ngl §70°ttoabolB0 9@bretative testhé ratation impartad by rivag 3& itrsbould pesioderatdofl eat ur e
patterns 16, first rinms 30 and second rins 32. Also, as wth the

enbodi ment thahide Bbe suppressing pattierrs42 agtually sotatea $wondvatesdthwif lightdsiehodf t he
first feature patterns, and a pair of second rins are associated with each
of the secthedamecmeuntapams 8Pand sidpgony suppesssing pallern HE aciualhi reteées ther st t ype
side | obe suppressing patterns 40, and second type side |obe suppressing
patterns 4pavegndgh eHight by aftout g sagip@aauahes HH - eRrefaiaply. taa woiatiae bei ng
between first rinms along colums of a feature pattern array, and the second
type side Fasedbiisigedehs suyprieasin@paierha? wil eabrie1POS<r oxactlyi188° wiadvg t he
colums of the feature pattern array. A distance between feature patterns

al ong t he tdbatnRHEedhY MRS 3grandyng wtation oblight caused by pide IabetsHBRESHRY acent ri ns
along the colums of the array is "E" In contrast to the tool 40 of Fig.

>, the si dBISSBRARNYSREDEHEOD o CERGHE 1B9° olali o3be FiATRB CAMBIBNAMEent i r ot y

o . 0L SR oo SRR Roh R T A4 BB hsnf S8R FhkfRel TS, i g
(01 S 0O D 730 8 8 TR e ., 7
::i)gé leuip;S)r g% ré]% l}‘@trc(ot&r%séﬁr@ttagﬂ%ﬁﬁfe gﬁljf)’alt és;a @iﬁrﬁﬁglyfp%teﬁ %% a p%%?o?gs(l:s e%os%g ?o side

light passing through tool 40. Instead, side lobe suppressing patterns 40 and 42 only

have a function of altering an image formed by light passing through features patterns

14 and 16. A pattern which generated a separate and distinct image would be a feature

pattern, and not a side lobe suppressing pattern.

[0089] The side lobe suppressing patterns 40 and 42 can cause images defined

by light passing through feature patterns 14 and 16 to be more circular than the images

would be in the absence of the side lobe suppressing patterns. Accordingly, it can be

preferred to utilize embodimentis exemplified by tool 40 instead of embodiments

exemplified by tool 10 of Fig. 1. However, the introduction of the side lobe suppressing

patterns 40 and 42 adds additional complexity to fabrication of a radiation patterning

tool, and such can cause embodiments exemplified by tool 10 to be preferred under

particular conditions.

[0090] Referring to Fig. 3, another exemplary embodiment of a radiation

patterning tool encompassed by the present invention is illustrated as a tool 50. In

referring to Fig. 3, simitar numbering is utilized as was used above in describing the
14



[ 0093] Al though each of the enbodinents of Figs. 1-4 illustrated
applications in which first and second feature patterns alternate wit#loHdo
anot her along rows of an array, but not along colums, it is to be
understood that the invention enconpasses other enbodi nents wherein the
feature patYRP?$es alternate al ong col utms. An exenpl RCHEEHIRES i s
illustrated as a tool 70 in Fig. 5. The nunbering in Fig. 5is identical to
that util ignsbomimvsofiflysd e s68 2bivhigre taPeropide.dAsBIdiRg R ftodtisg Somprigks fivdier e
appropriate. Accordingly, tool 70 conprises first and second feature
patterns Xéataealérns iesseohd featuye pattantk 18) ARE Hide S0 Bhd sécorddinmsez20mdsa; i N8 30
and 32, respectively. [0094] A distance between adjacent feature patterns

al ong col wsvgthafie enbadimayts abbvd, lagafrebtiret impakttaesotiated wittibbacheoi the finstt he shown
enbodi nent the rinms extend across an 15 7 JUL 2006 WO 03/ 067330

PCT/ US03/ (2268 patitinscind sopaiicef seemeieiridire assooatati with ggchaof thersetond m 30 abuts a
second rim 32 at about a central |location of distance "D'. It is to be
under st oodgathewettenns. t hat the i nvention enconpasses ot her enbodi nments
wherein the rins do not extend entirely across the distance "D', but

i nst ead ar {009tpar at &doldP fartisqyirsiides fitshtyps sidé be expprpseng patepwc®, awbnpar abl e
to that of Figs. 2, 3 and 4. In such enbodi nents, a side |obe suppressor

can opt i oreectnd tee sidoipbd sdpiyessingopetiadisa8ewith i fisst Hipesifledotausuppressing he arr ay.
However, it is considered that it maP/ be preferred to avoid utilization of
si de | obe palippe bsivo betwern fiestagiaangcsumas gha tastusel paitesnarray.@ediliee di ff er ent
types relative to one another. [0095] Figs. 59-63 illustrate additional

radi at i on §580ndyRR gige lobs sURRSRSINARAtEEs Peing Hetwesp secansuims alembthand 1200 whi ch
can be forned in various aspects of the present invention. The

const r uct i WhE§f thedeatureagigmaray) Agistanrefetreendesiuierattensdpse e t hat
utilized in describi nlg the constructions of Fi 85. ,1-5.(?1;{@?096%J Figs. 6 and 7
i || ust r at ORISR Hgdray imiD” @A asistnice Ariesn gliePedirimg alerstthe 8 P'B@%Ofof t he
present invention relative to rior,ar ecific Fig. 6

t hat of .th t. S L1y,
I T ust r at 489 &S g 4R pontag! B Hopd o1&t Pripe SkisiioustsBBIRSE NG PREPHS st and
d feat t 14 and i lizing th nber | t hat d
2bove i n- dedepigPRLRrLen dntfal of Baislarer i aupioHE AGRG BBTARRGr oo of ¢ he
feature paof?@er nS; Fi%.turG al 39 srhovvs a graph 82 which illustrates simlated
i mges for (Tpﬁf }hiedq S & Wga [E’Hrough the feature patterns. The graph 82

was gener aE(?Ongjti i ;\h%efi&?e%ﬁaqy glpu%&ﬁlentcoqg%(:%}%ﬂ p(aﬁ!er%ﬂ%)toafis ilustrated

in Fig. 4 as a tool 60. The numbering utilized in Fig. 4 is identical to that of Figs. 1-3,
where appropriate. The embodiment of Fig. 4 is similar to that of Fig. 3, except for the
absence of the side lobe suppressors (40 and 42 of Fig. 3).

[0093] Although each of the embodiments of Figs. 1-4 illustrated applications in
which first and second feature patterns alternate with one another along rows of an
array, but not along columns, it is to be understood that the invention encompasses
other embodiments wherein the feature pattern types alternate along columns. An
exemplary device is illustrated as a tool 70 in Fig. 5. The numbering in Fig. 5 is identical
to that utilized above in describing the embodiments of Figs. 1-4, where appropriate.
Accordingly, tool 70 comprises first and second feature patterns 14 and 16, respectively;
and comprises first and second rims 30 and 32, respectively.

[0024] A distance between adjacent feature patterns along columns of an array

of the feature patterns is “D”, and in the shown embodiment the rims extend across an
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0.35. It is noted that the sinmulated i mages are ovals, rather than desired
circles. In contrast, Fig. 7 illustrates the radiation patterning t ool Vet
of Fig. 4, together with a graph 86 illustrating sinmulated i mages expected
at spati al X herence (sigma) values of 0.35. The graph of FiF'-%P 7 shows t hat
a radi ation ﬁéﬁ’?%i’:’r‘?i ng tool of the present invention can MM #es t hat
nore cl osely approximate desired circles than can the radi ation patterning
t ool s of tehtirepyraf giistaace ‘D1 tActardimgtyed fitsh i J0iabbisgr sgobyd imsi2sat apputa@al | y
conprise both relatively dense patterns, and relatively |ess dense (or

i sol at ed) cpaitat docaton d¢f sisteace dD”. phit teba sndesgiodsk hpwever,gbattheé mventioow si gna
(0.35), even utilizing prior art nmethods, but dense patterns present

probl ens feocorppasees ather erghiddbroertoyhersin th&rims JuhoDOSANDLIODY aBFS30e

PCT/ US03/ 02288 [ 0097] Nunerous nethods can be utilized to formradiation

pat t er ni nglistanse $D”, udosipatsare sepdratedy grapgensusnas fnriesampley epate exenpl ary
nmet hods are described with reference to Figs. 9-58. Prior to discussing
such net hedgipaiapleitg thas ef igs. o3 e8¢ 4bin sHghgmbpdimeatsos sideflehecsppresgdrat i ve to an
exenplary radi ation patterning tool of the present invention. Accordingly,
Fig. 8 il lcaseptinnaly ke proxgdespgtwgen aﬁa@%ﬁﬁﬁa@pg FRlbMAas Poihe gaay-eHAVeNs™ t ool
100. The tool 100 is described usi n(% the sane nunbering that was used in
descri bi nd 1 ARNsElemsEhaaY b prefeied 1g awid yiligrtionh sige }RHEi LBRreESHS I f eat ure
patterns 14 and second feature patterns 16; and further conprises first
rins 30 afosansnts ipwhichadiacentiims are differanhiypes relalyg I ancliefhe fir st
feature patterns 14 _ and the second rins are adjacent to the second feature
patterns 18098k of or Kigsyo9-&1illusiaty additiona rﬁﬁgtgogr%gljewgéﬂg COPFIFUSHoNS g 30

L2 BT S 18 o

drins 3 he i b 0,.relative, [ d
by_passi nd VI rﬁ{?ractgﬁafvcf?ws;q‘?'ﬁgﬁeé%%?%Pebawééf\%'ﬁﬁ'hsgﬁg%%ﬁbﬁea50335*% Iy rotare
tnrough st 1 st I bl B SPBREE" Olosesecti on b2 15 defined”

through a @dg_b@; feaHé%.?BAer?o? @é#]ra}élatﬁ{%ﬂtragagﬁfag canOJe JH ifidd {Jljili%g?’O; and a

second cro ction I'ne second feature® pattern 16 and

a pair of 366 e SresertIfvettic Foidhve B B8t of Hifiotalt! SBSfllFHiES M€l ative
Glo 0 ﬁY1 gl tietrioflert, < rren(f(s 2;%

to Fig. 8 suc t ea e Vi ews W a radiation

bat t erni et 00l o bt dh Aakfl kg OB oL TROAM Shohrddife Vi ew 2-2 and

t he ri ght nost Vi
patterns 14 and 186 (utilizing the numbering that was used above in describing Figs. 1-

5), but lacking rims along peripheries of the feature patterns. Fig. 6 also shows a graph
82 which illustrates simulated images formed by light passing through the feature
patterns. The graph 82 was generated utilizing lassumed spatial coherence (sigma) of
0.35. It is noted that the simulated images are ovals, rather than desired circles. In
contrast, Fig. 7 illustrates the radiation patterning too! 60 of Fig. 4, togather with a graph
86 illustrating simulated images expected at spatial coherence (sigma) values of 0.35.
The graph of Fig. 7 shows that a radiation patterning tool of the present invention can
form images that more closely approximate desired circles than can the radiation
patterning tools of the prior art. [t is noted that lithography masks typically comprise
both refatively dense patterns, and relatively less dense (or isolated) patterns. 1solated
patterns can be printed with a low sigma (0.35), even utilizing prior art methods, but

dense patterns present problems for prior art methodologies.
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corresponding to the view 4-4. The views of Figs. 9-58 correspond to i%bs
processi ng steps which can be utilized for formng a radiation patternfuttlgz
tool, and accordingly it should be understood that nost of the views wll
correspond t structures shown at processing steps other than the corrpl et ed
processi ng 0f "H%7*%8. [0099] A first embodi ment nethod foPTEiSH¢esa

radi ati on patternl ng tool is described with reference to Figs. 9-13.
Referring i{0097]al | y Nen@iogs methods camiss utilized loriorhO@diation pattarsing toolsd at a
prelimnary stage. Mire specifically, a pair of fragnments 102 and 104 of 17
7 JUL 2006enonp3sSRita30e PEFEUISDBNIRR S8vehetampdary oretadls age describasswithat ed,

with the fragments corresponding to the cross sections al ong i nes 2-2 and
4- 4 ref er r @ipreneedp Higs- P1§8d EYRN P isAusapucl Mefhipded] ismeslyhterseiablihe and 104
conprise a base 110 which is preferably transparent to a desired wavel ength
of light, &¥eaobisferense raiRfiypiran exemaiee] réﬁ’l‘@"tor'i‘ RaYerng tog of tparetest wavel engt h
range. The actual desired wavel ength of ght will be a wavel ength suitable
for patt erﬁi"ﬁ’fﬁ'oﬁhﬁf’ﬁﬂr@ﬁg%t':'g eﬁ‘r‘ﬂp%@tﬂ% 36%9”’\?&?97 HyerBanyragistiemeattetdiigposi t i on
of the photoresis pical wavel engths suitable for qpr ocessi ng phot oresi st

are wel | - kie8WHG hﬁ’ﬁ‘egl 14PQ Is daserted s Eéfﬂee%?d“%%‘éb%ﬁséfﬂ tuias y8ed Ifr of er abl y

rotates a phase e deS| redF wayv el h of ht as. the F{?tht passes

t hr ough mat®c f'%ll‘gi oS g Figs, 4% o r?g 1@e°°”fp(5' e%@k'éﬁﬁf’”é're M 4ore of
tz, I fl b i d t i Si

quartz. calol umtl ol S BatsaRY i ong [rBRt m BPO el s & ﬁﬁd P D tRror | o

0101] A k., 112 1Q, f | ati toth

Hosi red wayRt UG S RGRT o Ge il otig PR € i ﬁvbt s% RIS st base 110
th h I

D e DRSS i S Qe R

transpar enf Pﬂ%seéb thateta veft'h to?iég{l—{ti:ﬁ)é?ﬁf.ltQﬁl'tfvrSIla%rvéaﬁS&motéugHﬁ%t géou sk 112

and base 1 to a eS|re er st ood,

however tﬂﬁén MB'lugﬁtgaabées’ tﬁro%Bﬁ’ﬁﬂsf feﬁl}?]zl'e! %(Fm%tr?’fz?dﬁ&%c\? Il%gérfg?lk%géqd]ﬁrﬁst geed not

have O%transmtt rel ative esired and al so

unless 11 oo fRAGh t?)Fa?do'ut/O"Srtef’atl RERAabA Caileahy My H@tf%t@&/@htft&nsm ttance

of the desired engt h of I'n exenp ary e nts,” opaque | ayer

112 conpri ggfire Efiﬂe?rﬂ&’@nd%@ébr&h@? t&atg%engthhwta&%% 8b° eV The RELNIVRVE! engt h
of light from passing
caused by passing the light through second feature patterns 16.

[0098] A cross-section 2-2 is defined through a first feature pattern 14 and a pair
of first rims 30; and a second cross-section 4-4 is defined through a second feature
pattern 16 and a pair of second rims 32. The views of Figs. 9-58 will be oriented relative
to Fig. 8 such that each of the views will show two fragments of a radiation patterning
tool, with a leftmost fragment corresponding to the view 2-2 and the rightmost view
corresponding to the view 4-4. The views of Figs. 9-58 correspond to various
processing steps which can be utilized for forming a radiation patterning tool, and
accordingly it should be understood that most of the views will correspond to structures
shown at processing steps other than the completed processing of Fig. 8.

[0099] A first embodiment method for forming a radiation patterning tool is

described with reference to Figs. 9-13. Referring initially to Fig. 9, a construction 100 is

illustrated at a preliminary stage. More specifically, a pair of fragments 102 and 104 of
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t her et hrough; and base | ayer 110 conprises, consists essentially of,
consists of quartz, and allows greater than 90%transm ttance of th
desired wavel ength of light therethrough. [0102] A patterned photoresi st
mask 114 ig‘,gr%gé{’,gﬁd over regions 102 and 104. Patterned mask 114 has thick
regi ons 116" 4N n regions 118. The photoresist naski ng“T3P&Y92484 can
conprise either positive or negative photoresist. The patterned 18 7 JUL
2006 WO 03¢@6wadion pOTAledbatreERiggith thedlagments isagespondipg it the c1xe sestioendi ng

t heret hrough and associated with fragnent 102, and al so has openi ngs 122
and 124 extlenglineg 2thancet-Arefatied rboxs Suasaiting R fragment 104. [0103] The
formation of the shown photoresist nask configuration can be acconplished
by typical [BHYolit rﬁﬁ@@%? 30384 @%?W@%éﬁﬁﬁ%&Wh‘ﬁhﬁﬁréﬁ?r@lyphot or esi st
material is provided over an entirety of |ayer 112, and then exposed to

patt er ned rRnsgRmER 187 desised vayRiength ?ﬂ@hbﬁ!ﬁhcﬁse@?' exarBRp A wavalenoiha heydi at i on
have a different stabilit tao_further cessing conditions than do
portions V\HFrﬁ‘HOI%tr‘%aVﬁ@f‘g@i%'E%d ﬁe&%%d?ﬁagaﬁvw h ebliohf WdiP2®e, portions of

the phot t d. t t dif f t | ubi l'it
. sof vent VRAFTGE BUREE HOAURTIN MPEriR. ERpudEem G i FHbarith. The

porti one. StposFREST tﬁwh%%%f?t B e S R or e ST G380 e
XPOSUr e dgaS St il oACTRE Rah IR B FRETL 190G b SoBRg O LD 00" aphi

patter ni ng; {i'ong of renal ni ng 87T

(porti ons @J@ SR B 55RO 238 A el AL AGOEN A0 03800 Teature

pattern lo erern rim |ons ef'i hed

adj acent t E%??lﬁ%%{rﬁfe”ok%%b%’bf g@i@ghaﬁéﬁn'ffﬂﬂﬁd&%n@ﬁm Rie, GRNS1 der ed

as materia I hned region hot or ési's and feature
pattern | og E s81’at|cﬁ—é Hs:ﬁg 8998%@% cﬁ‘éal%m%%ﬁéé & rou?ﬁlﬁ?ﬁ.ﬁd?xdé ha*'fF1(:|<-"I0‘9f" ng 120
ext endi ng roug ern photoresi st mask 174. [010 Fr'agment 104 has a
feature pa&&@%pmkﬁgétlon 134 defined therein, and rim |ocations 136 defined
adj acent the feature pattern location. Feature pattern |location 134 can be

consi der ed [gfoqyat er i phabieneak bviisask N 0ned ppiiekek es bsdqud k8athvdng tiel M
| ocations 136 can be considered as material beneath openi ngs 122 and 124.

For pur pos@ssired watidtength of light. Opaque mask 112 is physically against base 110 in the

PluL 2006

shown embodiment. In the claims that follow, mask 112 can be referred to as an
opague layer and base 110 can be referred to as a transparent material, to indicate the
relative transmittance of mask 112 and base 110 to a desired wavelength of light. It is
to be understood, however, that unless it is specifically stated, opaque layer 112 need
not have 0% transmittance relative to the desired wavelength of light; and also unless it
is specifically stated, base 110 need not have 100% transmittance of the desired
wavelength of light. In exemplary embodiments, opaque layer 112 comprises
chromium, and blocks more than 99% of the desired wavelength of light from passing
therethrough; and base layer 110 comprises, consists essentially of, or consists of
quartz, and allows greater than 90% transmittance of the desired wavelength of light
therethrough.

[0102] A patterned photoresist mask 114 is provided over regions 102 and 104.
Patterned mask 114 has thick regions 116 and thin regions 118. The photoresist

masking layer 114 can comprise either positive or negative photoresist. The patterned
18



di scussion that follows, feature pattern |location 130 can be ref erred7 ﬁﬁ 33@
a first feature pattern |ocation, and feature pattern |ocation 134 c'an 1
referred to as a second feature pattern |ocation. Also, rimlocations 132
can be referred to as first rimlocations, and rim |ocations 136 can be
referred t &YAL"EE8nd rimlocations. 19 7 JUL 2006 WO 03/ 861T3E/02288

PCTI US03/ 02288 [0106] Referring to Fig. 10, openings 120, 122 and 124 are
ext ended tMmagutid haspappenina e E&Bn@n@%amﬂrpmfba%?@éoqqted With frag®eRti nents i n
whi ch opaque material 112 conprises chromum a suitable etch through the
opaque mat &3 8nd alspprs @%"@SGEE@F‘? Ae4 exarding hemiineudh at assacetet Wihbodi ment s
in which base 110 conprises quartz, a suitable etch into the base conprises
a fluori neﬁm%‘f-asn& etch. [0107] Referring to Fig. 11, photoresist 114

is exposed to conditions which thi t he photoresist, and ultimately renove
sone of thd0HRbt or esTir?tfq”@ttJE'P\O@i?E@E‘EW%thi&ﬁﬁma WQ”@QW@!&’&fﬂ[‘th portions

AR R N R R MR R
RGLATEL MR H e T A et S T R
second | el i Al eda il oSO 0SBy 19 "
solvent 8o BLSRELrblers AUROESRLS: o LRI BRLBLE YRR, 12,
with an et ﬁ&ﬁﬁsgégf‘cgttéée’rgor{sg)ﬁt fehdt o dBLREdsRH td the rﬁét%ﬁnic'\éﬁ hafe Qﬁ%renglo' A

suitable etc romum nateri al elatrve to a quartz base

110 1is, f%lubﬁ’lifﬁwlﬁzv&ﬂtg ﬁgﬁi §§> ip?@bﬁ@ﬁﬁi@%ﬁ#efrﬁﬁ?xﬁo%&@to h@HtoRefrREr i ng to Fig.

13, photoresis renoved eave a construction 144
relative tohdisageBEbxpkddd RNfe ?,rdé@éb?ﬁd SHRBHIONS th48mbR] @sird@ pboid, agdent 104,

Construction 144 conprises a first feature pattern within |ocation 130 that

is recessggds idh@pBangs 19D 122860 § 24, SAdditioRBilyWr tHal dkpbQFatib&ds vadedt Whi ch are
not recessed into base 110. The recess within location 130 shoul d be suff

iciently dgsesswhé Phdtotebigt diRinG thaphotdlithdarphic bhflerding! $tithe Porfies ot @b wavel engt h
of light passing through |ocation 130 has a phase which is shifted by from
about 170 ifemastiratbhol@Bsistenbe Wecked (fditonp hasiehar oth&epdriigat(118).
[0104] Fragment 102 has a feature pattern location 130 defined therein, and rim
locations 132 defined adjacent the feature pattern location. Rim locations 132 can be
considered as material beneath the thinned regions 118 of photoresist 114, and feature
pattern location 130 can be considerad as material beneath the opening 120 extending
through patterned photoresist mask 114.
[0105] Fragment 104 has a feature pattern location 134 defined therein, and rim
locations 136 defined adjacent the feature pattern location. Feature pattemn location 134
can be considered as material beneath the thinned photorasist 118, and rim locations
136 can be considered as materiat beneath openings 122 and 124. For purposes of the
discussion that follows, feature pattern location 130 can be referred to as a first feature
pattern location, and feature pattern location 134 can be referred to as a second feature

paitern locaticn. Also, rim locations 132 can be referred to as first rim locations, and rim

locations 126 can be referred to as second rim locations,
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passing through rimlocations 132. It is noted that construction 146 7 JUL 2006
conprises a second feature pattern at location 134 which is at a sang
el evational level as the first rinms at |ocation 132, and conpri ses second
rims 136 which are at a same el evational location 20 7 JUL 2006 WD 03/ 067330
PCT/ US03/ 02%38%7#:i n base 110 as the first feature patteP§TAISOYBE i on 130
of construction 144. Accordingly, when a desired wavel ength of |ight passes
t hrough coiBioslict i ofefetdrp @ritlg. 1046;entrige 1ph e aotl 1R# ghd expergled ttgoddir ough t he
first feature pattern location 130 will be the sane as the phase passing

t hr ough t hpagecoatrial thalanddntp dase 1856, In amdodiimentshie whieh fopaghe matefiidd2 from
about 1700 to about 190 relative to the |ight passing through first rim

| ocat i ons cbBRriggadchseoivn afseiahle etch dreushrihe oraaup oretardd comprisgaptchiotingr

enbodi ments, the rotation inparted to a wavelength of |ight in passing

t hr ough t Haspepiaema eeB0 aadin arsedimenta in which kaseHd O cegipdses augz,&nd 134 is

ei ther about 1800, or exactly 180. [0110] Constructions 144 and 146 conprise
a | ower sufvitalie etehdnta e hage shpersesaflupHisbassd plagsi el y, when t he
constructions _are incorporated into a photolithographic device as a reticle
or phot onad®97] i ght WQ’T‘"%@S@Q-WoPﬁ'OéQng'ﬁéé“1%@‘,p°g?ﬁ&Rﬁﬁd'B%&sé"’ri%,m“ and out
surface 152. Accordi ngl ¥| constructions é44 nd 146 wil | t%/sgji{cal ly be
inverted P@pPoRtpRegist gng '@“@W”@Hﬁ??'@%? e BROQISSIS | AEEPBISWRd i nto

h lith hi i nt . 60, 162 16/ 66, .16 d 0O of ligh
B e shovn TBRCUR s SPFBUGR PBBieRs T Sl 7 AEaeder iio BaoRToT 016 Rivex i t i ng
th h ! f 152 i.n th i N ti 130, 132 .13 d 136 t
11 ustr at dhohe Sl RS LT i XGedliaBiliors) B g Ale 26 B s o hr ough
b 110. 1 Th F UGt 4 4 . final
const ruct  ds TP roUoeT SIRATR PSR sfitierts B BhepRid FRRIAASRIANET g (he
first ri irﬁ%‘h Ifoicét Bsqgﬁta%ﬁ%x AP mta'li?tnlqlztotf| &ﬂj@%ét G i1 %‘wﬂ'ﬁ}ﬁ conpri si ng

nd "R OEHR PaRrre el TRhiege

the seco ns and second ure attern. e constructirons 144 and 146

can al so, Q.3 %E@F@;B&tﬁéﬂ{ “écgtf,oﬁ'rﬁfg-_s ggﬁ‘ﬂ:ﬁ {Esbg@%n& or ré@i%@@bh&&%&i% e pattern

constructions o Igs. 1- / al though 1 dbe " suppressor
regions ar‘%n RRiudRNRPBxADIS QNS b 1HE F!&&gregigt 5ls3hverdt3and/br dsfing ?Lﬁ% under st ood

t hat such | obe suppressor regions cou e incorporated into e processing
of Figs. QsnotResidt0112] Another nethod for forming a radiation patterning
tool in accordance with

[0108] Referring to Fig. 12, exposed segments 140 and 142 (Fig. 11) of opaque
material 112 are removed with an etch selective for opague material 112 relative to base
110. A suitable etch selected for a chromium material 112 relative to a quartz base 110
is, for example, a chlorine-based plasma etch.

[0109] Referring to Fig. 13, photoresist 114 (Fig. 12) is removed to leave a
construction 144 relative to fragment 102 and a construction 146 relative to fragment
104, Construction 144 comprises a first feature pattern within location 130 that is
recessed into base 110, and first rims within locations 132 which are not recessed into
base 110. The recess within location 130 should be sufficiently deep within the material
of base 110 so that a desired wavelength of light passing through location 130 has a
phase which is shifted by from about 170° to about 190° relative to the phase of the light
passing through rim locations 132. It is noted that construction 146 comprises a second
feature pattern at location 134 which is at a same elevational level as the first rims at

location 132, and comprises second rims 136 which are at a same elevational location
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the present invention is described wth reference to Figs. 14-21. The t%gd
of Figs. 14-21 can be particularly useful when the rins which are to
fornmed are narrow, and 21 7 JUL 2006 WD 03/ 067330 PCTI US03/ 02288 di fficult
to etch vvlthth rocessi ng described in the enbodi ment of Figs. 9-13. In
descri bi ng Y& %fﬂ%’ 8di ment of Figs. 14-21, identical nunbefCH P%ma%?ed as was
used above in describing the enbodi ment of Figs. 9-13, where appropriate.
[0113] Ref within hapse HiOtasahd first featuragpatied) atdocatiors t 3QLuaftcoostr20en #4411 | ust rat ed
conprising the fragments 102 and 104. Each of fragnents 102 and 104

conpri ses Bewmedingy) wheo paigaicechuawsidngth of lightpasseshivooglesinstrudtipns 1#4pncher, the
photoresist 114 conprises a thick portion 116 and a thin portion 118. A
first feat it theenhese of lightrassing thrauot e dest featie patiann locaigre@0 wibbe thegnent 102,
and first rimlocations 132 are defined adjacent first feature pattern

| ocati on 18Ne 2 Wepbae n@anngrﬂarowt the sAcang ¢t Ipeations 436, ang al| bRaghifgdkim
reference to fragnent and second rim/locations 136 are defined adj acent
feature peiase rffl‘?”‘l ahest 17(9n to ahput e ralativeyig iadiont RasgingrthpHgn frelyimias
differences relative to Fl(g 9 in that there is an o[?e l% 202 xtendl ng to
second f ealPGRiONp A8 disacordfaabe patier gatiamisclnpagicyigr e B‘bg T“ﬁ5§ &t ending to

| dent cal  ERBhaTisg FoAweroanah SR nasshingich s feglp SBNAN LEL
Fro. 15, offvR G ssind Baot GrhRs wévatcfaﬁ?%gor*@%%’%w% "lottel Referring
[ ' o] h
Iiﬁ. nea potefHR 115 %%s&&'fg'i?“fxf%" i‘ﬁdwtgﬁﬂf'ﬁééh?ﬁeé%a é@%%giaﬁiugaifregﬁéft )
112. T
ayer 112, (I leroyHcal ABHU OB o d8icR B3R a&g&gﬁwa%ﬁ&oﬁmo

mat eri al rrmrtocati ons SO exposes@ grrents 204
of opaque r L eferring to
Fig. 17, tg@'(’gexdﬁ%lsrel:%élr gem ‘%‘h&ﬁ@& M Jfggqr%@%ﬁﬁé%nﬁ &@ou p%%%]l rrd;t erial 112
are renove er, ragi ) is
removed. [qu1%¥%é§cgﬁﬁ?hée%%glﬁpgi gf U&Ig?)srg?g&gtgl@g il g%é‘f’(fé e fnJerarred over
first featpifive to the shown configuration when incorporated into photolithographic equipment.

Rays 160, 162, 164, 166, 168 and 170 of light are shown entering through bottom
surface 150 of base 110 and exiting through upper surface 152 in the various locations
130, 132, 134 and 136 to illustrate the change in phase occurring in the light as it
passes through base 110.

[0111] The constructions 144 and 146 can correspond to the final constructions
illustrated in Fig. 8, with the construction comprising the first rims and first feature
pattern, and the construction 146 comprising the second rims and second feature
pattern. The constructions 144 and 146 can also, or alternatively, correspond to any of
the final feature pattern constructions of Figs. 1-5 and 59-63. Also, although lobe
suppressor regions are not shown in the construction of Fig. 13, it is to be understood
that such lobe suppressor regions could be incorporated into the processing of Figs. 9-
13.

[0112] Another method for forming a radiation patterning tool in accordance with
the present invention is desc:;ibed with reference to Figs. 14-21. The method of Figs.

14-21 can be particularly useful when the rims which are to be forimed are narrow, and
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pattern location 130 and first rimlocations 132 of region 102, and is shown
to extend over peripheral portions of region 104. Mask 210 can corrpr'f'élé'“,mo"
for exanple, 22 7 JUL 2006 WD 03/067330 PCT/1JS03/02288 photoresist. It is
not ed t hat essing of Fig. 18 is optional, and that portions 116 of
phot or esi st*@?ﬂ&{’%%g 17) can renmain over construction 1od’€§mspﬁt522$80r mat i on
of protective mask 210. The extension of mask 210 over region 104 is
optional , difficulits etchhathrthé praceshirgedsscribiedtin theentvoimmerppiides $-18y loan tol erate a
remmant of mask 210 being over region 104 during subsequent process steps.
Al i gnnment dsiscritirgdinn gmipatiersinhof Fd0 1421, idendicalrmunibesng isniseties wenveed hat t he
mask does not have to be tightly aligned to the rim |ocation or feature
pattern | cRbave W@Sa@émﬂzihéteé%omqﬁﬂ pldgupA-180ahens@ppicati#ier si nply shoul d

cover such |ocations. [0120] Referring to Fig. 20, openings wthin region
104 are exf@®idkd wi Fefering iattialy torkish 18a3 eenplyctios 2R isditystiates COBPENBT f eat ur e
pattern location 134 into the_ base and al so extends second rimlocations
136 i nto tiheimasents 102 ang 18k Eachioh jagraents 402 and 104 eanprises/easqedR: 210 (Fi g.
20) is renoved to leave a final construction conprising a first feature
pattern atonaguefeiahlB@ andiphgtoresistd 14t FyrBientheplzotoregst 112 COBPHRE & eat ur e
pattern at | ocation 134, and second rips at locations 136. Preferably, the

e o N A A M A N
to a 0 netW f&?%&t%%mfﬁgﬁ‘eahé@efﬁgﬂﬁg”’r‘}‘%&rﬁééiaﬁ‘ﬁg‘f*ﬁ}%&ﬁl%"é%&{f f eat ur ep_
Phase of 1auisaatEnebein Rl R igee Tl e osian o4 MMt cat i one 132
hus- cor r agistatse Bthor Ry AETedHh e oresf 15 BREUHE] bl pobdp "

constructi 89 c:eﬁii09§341'5 and 59-63. [0122] The nethods of Figs. 9-21 are
relatively srnplistic, in that they start with a sinple substrate

(typically [Wﬁgﬁzh m%&b?ﬁ%&?ﬂ g{i‘/gﬁfﬁgqﬁﬁ%a@%ﬁfﬁﬁér@bs (diatib ?@h%g b AL RL

conpri sing-chr on can, however, encoffpass nore conpl ex

et 1000l g, fig,en 2o defihg HIOLcBRd R hépsint BoAichaS! 4t ReQiphb Ses multi ple

conmponent s. exanple o escribed wt erence to Figs.

22-31. 1N 5deRings bkBRbibProth®Secohd rittliocationd h . HHHGRERI188 of Figuped, as was used
above in describing
however, identical to the fragment 102 of Fjg. 9, and accordingly comprises an opening
120 over first feature pattern location 130.
[0115] Referring to Fig. 15, openings 120 and 202 are extended into base 110.
[0116] Referring to Fig. 186, photoresist 114 is exposed to suitable conditions to
remove the thinned portion 118 (Fig. 15), while leaving thickened portions 116 over
layer 112. The removal of portions 118 exposes segments 140 of opaque material 112
within first rim locations 132, and also exposes segments 204 of opaque material 112
within second rim locations 136.
10117] Referring to Fig. 17, the exposed segments 140 and 204 (Fig. 16) of
opaque material 112 are removed.
[0118] Referring to Fig. 18, photoresist 114 (Fig. 17) is removed.
[0119] Referring to Fig. 19, a protective mask 210 is formed over first feature

pattern location 130 and first rim locations 132 of region 102, and is shown to extend

over peripheral portions of region 104, Mask 210 can comprise, for example,
22



Figs. 9-21, where appropriate. 23 7 JUL 2006 WO 03/067330 PCT/ US03/ og%ggmﬁ
[0123] Referring to Fig. 22, a construction 300 conprises a fragnment
a fragment 104. Fragnments 102 and 104 conprise a base 110 which can

conprise, consist essentially of, or consist of quartz. n ipons 102
and 104 al ¥P UMY se a 1ayer 112 of opaque material pr O%@SJ @%@? base

110. Between |ayer 112 and base 110 are_provided |ayers 302 and 304. Layer
302 can bepwfaﬁ‘ﬁeﬁu%‘aﬂﬁ“ﬁ@ that H1eorogneaise of i 181# Aefiarat éf‘ij hat PW'?'P?' E‘r‘? exenpl ary
mat erial conpri si bdenum and silicon, such as r exa

nol ybdenurﬁ’féqhP’i"F,‘?SfJ'-%‘l Hifier! é?@h{f’l”}‘i\"yo"ﬁé??ﬂs# ugtion; Weldﬂﬂ@ orpafian n| tride,
tantalumnltrlde zirconiumsilicon

?)XI de, andprot?ﬁ?‘(?ltﬁ" %ﬁ%’ug‘m Ire e”E'QS}Bf t%%‘@%?é}‘(%rl?%"ﬁ%ﬁ?é '%OQJWQ’%L'E ffti Blg )

|2§§r5t? gﬁ%}ﬂ a‘fdwﬁcaaeetﬁgﬁﬁ?éhow ab?%gwgkgm/%? et Eg%ﬁﬁgéaw)z/ fﬁ
302

511 con. aﬁﬂ\f@éfﬁoguﬂﬁ%%@téﬁ%%ﬂlﬁ%% &8 s 'ﬁaf%eﬁ‘higig%ﬁhﬁﬁﬁ e elgjsr :302

appl | cat 1 ong-HBRR Poresta bt bre R e AR R P& eaa eB e carci um

[ uort de. BRLIHT: 1daRE b TRARGR Pl oA tbrburShbrii thafn>

conpri si ng "one or crumTftTuori Fon ium uori bari um
fluoride. JDCRIGPQ[CWI @ﬁ aspects of the invention, |ayers 302 and 304 can be

consi dered I'Tst ase shifting layer and a second phase shifting |ayer,

respectivelpy ﬁ?gOlZ‘l]Re@évaﬁa tED! émoéé}ﬁng%afntmmbﬂﬂqo%reeéxtmesw.tﬁl g in

addition t se shown and can, for” exanplé&, include thin anti-reflection

layers at gRgify ba@érﬁOOfSuEII‘F8xﬂeﬁ$§§éc§ﬁ@f§atuhﬁéé@ﬂﬂlobﬁlbﬁﬁ%4Jﬂt@th%%sé”'o2 302 and
304, or 304 and 112. [0125] A first feature pattern location 130 is defined

Wi thin reghnaddbRaasbetd rimiddatidisrist i tRelagat i ons 132; and a second
feature pattern location 134 is defined within region 104 together wth

second ri mbpAt i onRekSing kDRIGE2 1, Britdciva@esipPin (I 20)5it ré@déved3o feavared over
regions 102 and 104. Patterned phot oresi st 310 has 3 different thicknesses

over regi ofingl Béhstragtbnpeptifing alfirsy featoarpatiesie st lacdtioh nBe Sirstpiaistdt (oeatiid over
first feature pattern location 130, an internediate
132, a second feature pattern at location 134, and second rims at locations 136.
Preferably, the light of a desired wavelength passing through first rims 132 and second
feature location 134 will have a rotation in phase of 360° {which corresponds to a 0° net
rotation in phase), and light passing through first feature pattern location 130 and
second rim locations 136 will have a rotation in phase of 180° relative to the light
passing through first rim locations 132 and second feature pattern location 134. The
construction of Fig. 21 can thus correspond to the final construction of Fig. 8, or to any
of the constructions of Figs. 1-5 and 59-63.

[0122] The methods of Figs. 9-21 are relatively simplistic, in that they start with a
simple substrate (typically quartz) beneath an opaque material (typically a materiai
comprising chromium). The invention can, however, encompass more complex
methodologies, such as methodologies in which a substrate comprises multiple
components. An example of such method is described with reference to Figs. 22-31. In

referring to Figs. 22-31, similar numbering is used as was used above in describing

Figs. 9-21, where appropriate.
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t hi ckness region 314 over first rimlocations 132, and a thickest portion
316 exterior of 24 7 JUL 2006 WO 03/ 067330 PCT/ US03/ 02288 the rim | ocatlilotf¥®
and first feature pattern location. Additionally, photoresist 310 has two

di fferent t‘%%@&? es over region 104, and specifically cornc){ri ses the

| argest t hi¢kness ~'316 exterior of second feature pattern 382088134 and
second rim |l ocations 136, and conprises an internedi ate thickness 318 over
second ri nf0183Jat i onBefeBtg g3 e coraiuation 300icorpasss Bfr@mentdbeanda t han t he
internmedi ate thickness 314 over first rim |ocations 132. An opening 320

ext ends t lilegmgnt o tForomants 1018 d Wiorppgee a bawrylwhielf canpjemmiieel ayer 112
within second feature pattern |ocation 134. The patterned resist 310 can be
formed by Ccongst esseitiplvel, @aeasipiR dHafh dtasligtions heg and 14 algp MRTisAiaf f er ent
doses of radiation prior to devel opnent of the resist with solvent or other
sui t abl e d®ieai 13 ippadug pateripl nravidad qvepbIse HOg Betrpendayes i 12,879 Bapealdd i s
exposed to etchidg(g conditions which renove opague materjal 112 from second

feature p&¥qRPEMIpGIRYeSSA2 £8d 304 Layer 307 ean ke ¥hatieguatisind{BRNSSr renoving a
Chi or i no. A0 TG YRR BiAGor BBy TN AT EIRPOSIE ext ended
BEENGTE A MR g RV IL N YL st

i ust e YRR MRS Pl B ARy RbeL A Ron SR R B eriharber . a
The phot ort Bt s05deC Tayeriba o EBbresth BRSE QOB RBE Yah R o 1o 012
ctep, |t ho XENFBPatoR Yohoitr ot ph{ el HES hodk SEATIGA S £ B, 05 “and the

Canstruct 4 S0 Etgl heh Bedee oge. I el SR e RR A PR Bl

construct vent (or subjecte sui t abl e

processi nghy SQn E&HARNER dnB@r FidrdBEsHlcon, ThRMith2modBibnUR Rk CERESS Of

steps 314 and 316." After such renoval, a segnent of opaque layer 112 is
exposed V\'!p%Qéegsor{i)ftirﬁ faydradia Rk cBRbES dhel 0 &ithé O1sik3R; oxlyhéh arkPniirbdenS i at es

construction after such segnent is renoved to expose a portion of |ayer
304 Wi t hi pafticlial afsRcdtiehe dpatior 86th df Hedha8dsHfRg la98rs can comprise calcium
fluoride, barium fluoride, magnesium fluoride, and/or solid solutions comprising one or
more of calcium fluoride, strontium fluoride and barium fluoride. In particular aspects of
the invention, layers 302 and 304 can be considered a first phase shifting layer and a
second phase shifting layer, respectively.
[0124] Construction 300 can include other materials in addition to those shown,
and can, for example, include thin anti-reflection layers at one or more of the interfaces
between layers 110 and 302, 302 and 304, or 304 and 112.
[0125] A first feature pattern location 130 is defined within region 102 together
with first rim locations 132; and a second feature pattern location 134 is defined within
region 104 together with second rim locations 136.
[0126] Patterned photoresist 310 is formed over regions 102 and 104.
Patterned photoresist 310 has 3 different thicknesses over region 102, and specifically

comprises a thinnest portion 312 over first feature pattern location 130, an intermediate

thickness region 314 over first rim locations 132, and a thickest portion 316 exterior of
24



7 J UL 2006 WO 03/067330 PCT/ US03/ 02288 [0130] Referring to Fig. 26, UL 2006
construction 300 is exposed to an etch which is essentially non- sel ectiv®
for materials 304 and 302, and which accordingly extends an opening over
first featurS g@ttern Iocatlon 130 through material 304, while extending an
openi ng ovel CLEEIMY feature pattern location 134 through F&TESPH{228802.

[0131] Referring to Fig. 27, construction 300 is illustrated after being
exposed t othesio bediloes pn@ﬁﬁs@iawge pasterrelocationp Wdtitiersdly sthofsuesist 80 Basiwori g.  26)
fromover rimlocations 132 to expose a segnent of opaque material 112, and
af t er r enoditiereofthickiesespows degigetfifeand mectﬁp@lu@emmﬂﬁ@rtﬁaIargeﬁtzth!cm@aﬁr di ngl Y,
portions of |ayer 304 are exposed within first rimlocations 132. [0132]
Ref erring 81 ®itegrior 2Bseopad éaature pattary ocpinn Ba@nd seeondrin ogets 486.andbei ng
exposed to an etch which is relatively non-selective for material of base
110 and | a§esnRyisegen nmedate thiskeass il A gryy, seeend et dasatieng 188t ditled t hr ough

|l ayer 304 in first rim locations 132, extended through |ayer 302 in first
feature paltesmadipigdaicingss 838is wsprier tas bRREMasake E"I‘F@”%%@ﬁdéé’élerﬁﬁttri"bn of base

110 in second feature pattern |ocatjon 1 etch has th
si mul t aneol9sRPne Ehefn PHe'?"i‘Q 320 PiteRds Jargyg Eb?l?‘?[%%a 9f1prt%?"pl°§%?l§?%m5@totf ern

o 20, pHAGPEIPLT BN %‘é%bﬁa%‘é‘%teﬁét?%{% ERlr o ffogpePed it S o

d d Kk f d
O AETE B USRS B A Bl T
112 t hi t 136 | h {
I R ud Pl s ol S T

ek, " et it ﬁéfeltnﬂé .4@%@&@2@&@% progs%eeq%r"{q9ao%é}noﬁ§ef erring to

Segd ayer I'n "secon ocations 136

are renoveg, W, Pé?mﬂ)aooggg@e ma%hﬁmz'ﬂ% ecﬁﬁé% ’Edré(ﬁ?irtel‘?ﬁ |0E9€ong§%em .talgg_ :?yer

112 rel ati ve to exp material s ase ayers

materi al 359 ﬂo?lefér r%ﬂfogqﬂg H%hroﬂllﬁfHJcB@tQ’nﬁmg%qu&ﬁ\QheEl' 1227€af

chl ori ne- base 013 Reterring to Fi remal ni ng
phot or esi sammpn:%t& ut?n%gh%hroamg&d pza@naJUL 2006 WO 03/ 067330

[0128] Referring to Fig. 24, opening 320 is extended through phase shifting
layer 304 and to attenuating layer 302 with a suitable etch. An exemplary etch is a
fluorine-based plasma. The selectivity of the plasma for layer 304 to 302, or vice versa,
can be adjusted by varying the etchant materials present in a reaction chamber, a
pressure within the reaction chamber, a radio frequency power, etc.

[0129] The photoresist 310 associated with region 102 can be considered to
comprise a stepped pattern, with the thinnest region 312 comprising a first step, the
intermediate region 314 comprising a second, higher step, and the region 316
comprising a third and yet higher step. The photoresist of construction 300 can be
exposed to a solvent (or subjected to other suitable processing) to remove the thinnest
step 312, and reduce a thickness of steps 314 and 316. After such removal, a segment
of opaque layer 112 is exposed within first feature pattern location 130. Fig. 25
ilustrates construction 300 after such segment is removed to expose a portion of layer

304 within first feature pattern location 130.
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PCT/ US03/ 02288 [0136] The construction of Fig. 31 can be considered to
conmprise a first feature pattern in location 130, first rins in | ocafi¥n00
132, a second feature pattern at location 134, and second rins at |ocations
136. Preferably, the second feature pattern at |ocation 134 causes a
rotation i "R %PHEY of a desired wavel ength which i s aboutPCTEH03/0R28% er ent
than a rotation in phase caused by the first feature pattern at | ocation

130. Al'so,[of30]st rimaferidg toFigf 26, abhyrucions@0ds expostd foran dictt hisicavel engt h of
light which is about 180 fromthe caused by the first feature pattern at

| ocat i on 1g&sentldinbh-ealattive forseatends 304 asl A26ammd whiel aldoydicglyiederdsrapt ati on in
the wavel ength of light so that the light is 180 out of phase relative to
the |ight ppgatiguyet tsofagiord pettegelocatin fl 8atuoghpaatedal 304t wiilecatending ad 34.
Accordi ngly, the wavel ength of |ight passing through rinms at |ocations 136
will  pref epaiigpovbesdoong Fesdge phitdrn idestidn tdtthpagsmatprinh30@ugh first feature
pattern at location 130, and the |ight passing through rins at |ocations
132 wil | prle13abl y Refeiring prhBlge27picomstiupiion 300 dghillugiiatas aligr being axppss@trond
feature pattern at |ocation 134. [0137] The construction 300 of Fig. 31 can
cor r espondstigbempyoasssingto reowne pheletssishrerirastivi (bigd2&ifrom ever mdeeadionsd t he

radi ati on patterning tools of Figs. 1-5 8 and 59-63. Specifically, the
const ruct i 332 RoBpede asegmeai otepaade matsiel Uer enl after heroevahof the pxosedat ur e
pattern at |ocation 130 which conprises a pattern etched through first phase
shifting Iawenfggfquagé%m@éﬁfbhhh?er%ﬁpﬂdthgPQWrOf3?0’45 3RAgeeresedapithingi 2 and
to an upper surface of base 110; and a second feature pattern at |ocation
134 whi ch Bighiipicsationg 138attern et ched through first phase shifting |ayer
302, second E)hase shiftin and into hase Adgi_ti onal l'y,

const ruct i dR1&do carﬁ?j@r'eaﬁé%\égéseg’%% CORRUMERER F00/S usrtf%ar%‘% &l PPlB¢ati ons 132
ARICSIAR WL T e S (AT T N e
(0, el WO SEPIE TR SIS Rl bR RBFARE RS AT
| aver S04 o 438h 2y E i b 1o PR B Rt 3, 1 1258
o o253 hekRali b bPBle Ml fShen PR B oSS 4000 o
03/067330 The etch has thus simultaneously etched in first rim locations 132, first feature pattern
location 130 and second feature pattern location 134. |

[0133] Referring to Fig. 29, photoresist 310 is exposed to a solvent (or other
suitable processing conditions) which reduces a thickness of the photoresist, and
accordingly removes the photoresist from over segments of opaque material 112 within
second rim locations 136, but leaves photoresist remaining over other regions of
fragments 102 and 104. Specifically portions of the thicker regions 316 of the
photoresist are not removed.

[0134] Referring to Fig. 30, the exposed segments of layer 112 within second
rim locations 136 are removed with an etch substantially selective for the material of
layer 112 relative to exposed materials of base 110 and layers 302 and 304, If material

112 comprises chromium, a suitable etch can utilize a chlorine-based plasma.

[0135] Referring to Fig. 31, the remaining photoresist 310 (Fig. 30) is removed.
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PCTI US03/ 02288 extend entirely around the first feature pattern; and ;@%\; o
the second rinms wll preferably extend al ong opposing sides of the se oo
feature patterns, but not entirely around the second feature patterns. It
shoul d be d, however, that nethodol ogy described_ herein_can also
be utili zeﬁgﬁﬁ&gggg ications in which rims are forned enti PP a
periphery of a feature pattern. [0139] Another enbodinent of the invention
is descri bfM3@] t h r dihercenstaiction ¢fiRig 31 cgmbg gonswished foicagpriss & fitst fegtwe Fi g. 32,
a construction 400 conprises a base 110, and an opaque |ayer 112. Between
t he base I1PEdeHNY lespHeuE30, Bipbimg indogadions 137, aertend farfureaedieBtatieeligtt i ng | ayer
402, and a phase shifting | ayer 404. Phase shifting |ayer 404 can conprise,
f or exanpl@?‘: anq $eegnd i et @eations daGr Pieterably thesrepnd teatra pallesigt i se, for
exanpl e, nmol ybdenum silicide, titaniumnitride, tantal silicide zirconium
silicon oxPeion 1%8?‘&’35%1”6“‘?%'&3@@8% despipd prayelgas WH%&“@G‘&?%Q Il allow
at least 90% transm ssion, and nore preferably about 1Q0%.¢tr m ssi on, of
2 wor ki ng QLATEMARR RN RSB A8 TSGR AN GOR . and al o
preferably the conbined thicknesses of |ayers 402 nd. 404 are such that the
Rorki ng weET S MegRE etk Aeoss Rivtiten fifa et g3 o ngh B AR ol o
t her eof) n,.passing thro .t he conbined, | ayers,. 40 nd 404. The | ayer
404 can gi Hgﬁaﬁﬁgﬁ‘?a bYﬁ%QIrStBﬂ%‘E’S Péh?ff"ta‘k‘&% nn1é3§‘ %ggwlo?ﬂlg, TERBT ned | ayers
402 and 404 n nt r.i a diff 0 n phase
ahi . [o1h5) ' BrERRai e BB sl Bhnol TRaRS I bnd B8 £358105 51 "t e
constructi < PROL Ore5] | ri J portion
&R oﬁ&%se A tSﬂeﬁ@EQl%%shg t@?ﬁ%ﬁéﬁ gé’cfgg féé}n pbﬁ&m 2t lolheh

412, and a thinner portion ve al'so to conprise the

thick portiQn Al2qMaf, hsMaI88h tH%Hidh‘P A 1%6En fihadiBitiond43s ffidi tional Iy,
apd. g acsia hofion fimg Hifbeations 130

t he phot or esi st S an opening . 4 ndi ng therethrough to expose a

segment  of 5 GRAMHE TR RRsANththe ngﬁl pRbdivEthtugh hiFR RS pditn aPBEaiRRTBOES

anot her openi ng 418 extendi ng therethrough™to define a segnment of opaque

materi al %tﬁﬂigﬂtw@siﬁ hicugs ARBtat bB4tionk Q34 M éﬁeffaiabﬁ/tbefiﬁ@hégeﬁmiﬂﬁhé ern

location 130 is defined within the opening 416 associated with fragnent
102, and fnfhfs;sas@in@wtﬂneggiséeaﬁd 3t p&iciehi iIbRMoRY34,he thinned photoresi st

portions 414 associated with region 102. Al so, a second feature pattern 28 7

JUL 2006 WMd13%] 06733Gis construction 300 of Fig. 31 can correspond to any of the
constructions described with reference to the radiation patterning tools of Figs. 1-5, 8
and 59-63. Specifically, the construction 300 of Fig. 31 can be considered to have a
first feature pattern at location 130 which comptises a pattern etched through first phase
shifting layer 302, second phase shifting layer 304, opaque layer 112, and to an upper
surface of base 110; and a second feature pattern at location 134 which comprises a
pattern etched through first phase shifting layer 302, second phase shifting layer 304,
and into base 110. Additionally, construction 300 can be considered to include first rims
at locations 132 which comprise patterns etched through second phase shifting layer
304 and opaque 112, and to an upper surface of first phase shifting layer 302; and to
include second rims at locations 136 which comprise patterns etched through opaque
layer 112 and to an upper surface of second phase shifting layer 304.

[0138] To the extent that the embodiment of Fig. 31 is utilized for forming one or

more of the radiation patterning tools of Figs. 1-5, 8 or 53-83, it is noted that the first

rims will preferably extend along opposing sides of the first feature paitern, but will not
27



PCT/ US03/ 02288 | ocation 134 is defined within the opening 418 associ at ed
with region 104, and second rim/locations 136 are defined by the thi Afey2006
phot oresi st portions 414 associated with fragnment 104. [0142] Referring to
Fig. 33, openings 416 and 418 are extended through opaque |ayer 112, phase
shifting | ay@¥%%8% and 404, and into base 110. Accordi nglREW¥3328%¢t  and
second feature pattern |ocations 130 and 134 are extended into base 110.
[0143] Refetandregtitety éround tB4 first featupdpdttare and thad e sesorekiros el prefemblyol vent (or
ot her suitabl e processing conditions) which renoves the thinner portion 414
(Fig. 33),extndlatongloprosingsifiésiof thdvsenond teaturé pattduns; ket ngdentirelyraraub@ theSuch
exposes segnents of opaque material 112 within first and second rim

| ocat i ons sk8onddfratutes@itef (sl 4ughoRefoerundergtopd, IRiwgverg that msthodelpgisdebcdkefrent s of
opaque material 112 (Fig. 34) are renoved to extend first and second rim

| ocat i ons hesgin azrals@be vbizad inugpdeatiogiinfveieh rgns prafermedEntirgoarg]d Referring to
Fig. 36, a protective mask 420 is fornmed over fragnent 102, and

speci f i calpeyiphesy pba feetire safrot ect first rimlocations 132 and first feature
pattern 130. Portions of the protective mask 420 are shown al so_extendi ng

over fragmiiBolo4, AapthrbagRodimentotiheriavenhonns desdiioed Mith sefeienes @gtiest 104 i's
not particularly pertinent to the further @hocessi ng. Mask 420 can
conpri se, <08 #pne initisHivtorigsiss & construplinn 4ORGRAPIEeRBRSRE £, andan
phot oresi st 410 (Fi q 35) has been renoved prior to formation of protective
mask 420, aeus eyersT12o Bsbvagndhe 82550 ORI CPRRHE [RYRY d e 1SRN ifEE P dsses ot her
enbodi nents (not shown) wherein photoresist 410 is left _jn place and
prot ect i vearﬁié?é keﬂeﬁtf@vﬂggerf‘@?'m e F'Wg'ng %é’la"s‘fo“ﬂfl%.as? Bl '%87 &H % to Fig.
37, an etch is utfi lized to extend seconlgﬁf e 5 ur e%(%gt tern | og;at ion 134
deeper i nt®REER A RYEMRIRe SHEPNAPIEPT QHatA ANY {3¥8) Pt SREPISR 9t o phase
shifting | ayer, 404, A suitable.etch c tilize.a. fluorine-based .l asna.
[0147] RefeéﬁgP‘PngPHbﬁ?’&.m g ,'depﬁ'gaﬂ‘%’é'l '?'@ge#ﬁ%tﬁ'luﬂ‘zﬂ'cﬁfr groogiim Sft?‘%‘,’c’Pg?‘r‘@%'ed. The
resulting st fi r I i a second
feature pa%dyeo_y%ﬁ%wurﬁg@%ﬁe 'orﬁ; r‘%ﬁéﬁﬁ it" srtei1 Ogi%niﬂg{k’ ﬁ?éec?%ﬁog%?&?%é?sq%”nd second
rims at | Oéﬁ%trhcswfﬁre}égbly Ig[)g&te'bﬁk)c! tYansr%%siZm,‘]A#Ia v@&gﬁg m&gﬁgﬂlﬁ&q%ﬂt passing

through construction 400; and also preferably the combined thicknesses of layers 402

and 404 are such that the working wavelength of light has a phase rotated by 360° (or a

multiple thereof) when passing through the combined layers 402 and 404. The layer

- 404 can give 180° of the total phase shift obtained from the combined layers 402 and
404, ot can contribute a different component of the total phase shift.
[0140] Photoresist 410 is provided over fragments 102 and 104 of the

construction 400. Photoresist 410 is patterned to comprise a thick portion 412, and a

thinner portion 414 over fragment 102, and also to comprise the thick portion 412 and

thinner portion 414 over fragment 104, Additionally, the photoresist defines an opening

418 extending therethrough to expose a segment of opaque material 112 relative to

fragment 102, and defines another opening 418 extending therethrough to define a

segment of opaque material 112 relative to fragment 104.

[0141] A first feature pattern location 130 is defined within the opening 416

associated with fragment 102, and first rim locations 132 are defined by the thinned

photoresist portions 414 associated with region 102. Also, a second feature pattern
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PCT/ US03/ 02288 [0149] A first feature pattern |ocation 130 is defined
relative to fragnent 102, and first rimlocations 132 are defined proXFHat®
feature pattern |l ocation 130. Also, a second feature pattern |location 134

i s defined g’%l‘ﬁ{“iﬁ'%{‘goto fragnent 104, and second rim |ocations 136 are

defi ned adj dce second feature pattern 134. [0150] A pRfoiBYa42288 510 is
provi ded over fragnents 102 and 104. Photoresist 510 has an opening 520

ext endi ng lo¢adicet B¢ sugfinacowithip heopanise ¢it@ assooibtegydiguegipaye4. and Bgoapidt hin fir st
feature pattern location 130, and has an opening 522 extendi ng therethrough
to expose rHhEchkansd 8 aeEdelined by hgdbinned Bateipsist pRItiaNe Kil hasweBig Witkat ur e
pattern location 134. Photoresist 510 has thin portions 512 over first rim

| ocat i ons fteg@penhilf-second rim |l ocations 136, and has thicker portions 514
outwardly of the thin portions 512. [0151] Referring to Fig. exposed

40,

segnent s of0¥ghque MgfasinGie Fia. B3aerenings i 6 aped1§ yepxtepded threab,apadéP openi ngs
520 and 522 to an upper_surface of |ayer 504. [0152] Referring.to Fig. 41,
exposed pdR¥ardns Rase shjiting yarsA0g aadPaangdnte Bagm! 10 tAITOKHN AR A openi ngs
520 and 522 to an upper surface of |a eJ 502. 015,3%_ Referring to Fig. 42,
phot or esi sthdspgeqcfe ffc&aét&"l'Bcad'o%F%%'ﬂ t¥rarg pREpdediniobasP d 1 ocessi ng

diti { t hi i f the phot i st Fi.g. 1), d
subsequent 19148 ot cerated Bt o8 e Phamersit b8 saesssate fonlenfordar s 117

d 502. Si | s 502 1 AN th.typicall Tpr tals, th
o S0 SUABE AP S0ReRD A b BB SN RSl 1Y
th t f | 504 d 10,. i | tch o] | e,
he ol QU PR Pt 2 SR R
112 and 50%?t%ﬁa:x] 6?E@Biﬁgigsq]aﬁ&‘E?caoﬁnd?imt-lbcOiﬁhgﬁga%ﬁ’ﬁés‘? one another. The

structure 0 r ST and sé ure pattern |locations 130 and

134 t endi . f i i
L5 ex g o on AR B0 bSRR L BEFL Lol EERY 1
Referring 49 i @mofcH toaex&rnﬂ_tfﬁ'ﬁtahggetgﬁglfiwgcam%§ﬁ$ nPPEb tbsdn?fggé'r' ded over

first feature pattern location 1 rst rimlocations whi |l e
l'eavi ng segond: f@afdrugs. Pattern location 134 and second rimlocations 136
exposed. Alignnent” of masking 31 7JUL2000 WD 03/ 067330 PCT/ US03/ 02288

[0145] Referring to Fig. 36, a protective mask 420 is formed over fragment 102,
and specifically is formed to protect first rim locations 132 and first feature pattern 130.
Portions of the protective mask 420 are shown also extending over fragment 104,
although the extension of mask 420 over fragment 104 is not particularly pertinent to the
further processing. Mask 420 can comprise, for example, photoresist. In the shown
embodiment, the photoresist 410 (Fig. 35) has been removed prior to formation of
protective mask 420, but it is to be understood that the invention encompasses other

- embodiments {not shown) wherein photoresist 410 is left in place and protective mask
420 is formed over the resist 410.

[0146] Referring to Fig. 37, an etch is utilized to extend second feature pattern
location 134 deeper into base 110, and to extend second rim locations 136 into phase
shifting layer 404. A suitable etch can utilize a fluorine-based plasma.

[0147] Referring to Fig. 38, protective mask 420 (Fig. 37) is removed. The
resulting structure has a first feature pattern at location 130, a second featurs pattern at

location 134, first rims at locations 132, and second rims at locations 136. Preferably,
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l'i ght passing through the first feature pattern is in phase with |ight
passing through the second rins; and |ight passing through the secont!Vl200¢
feature pattern is in phase with light passing through the first rins.
Further, preferably the light passing through the first feature patternis
shifted in YRA¥EHY from about 170 to about 190 rel ative PETUSHHL28passi ng
through the first feature pattern, and nore preferably is shifted by about
180 in phamiao] el at iavistifeathieepdite@bealians $30ig dehricgativd® ffdgimht fa2at ur e
pattern. The |light passing through second rinms at |ocations 136 can

actual | y hendsipdt titnddcatigna hsgibreSdbfinacepratimet® featurel pattbtn Ipeeionngo.t Alsough second
feature pattern 134, with the net effect of a 540 rotation of phase is sane
as a 180 rsbtadd featund paileasiecdtiond.34 iSddined feBlive tc3iBdmenhi 84, ant Isecdandtriai

rotation in phase between |ight passing through first rinms 132 and |ight
passi ng t Hoatighs 136care defifeelzdimcenpatsbemd fdBdepatiedd 3320, but since 720 is a
multiple of 360 (specifically, it is 2 x 360) the net rotation in phase is
0, or in of0&n] wor d# photdresigdd §iimprovitkedonghfragments 102 amd 18R Rhotdresigthase with
| i ght passing though second feature pattern 134. [0148] Anot her enbodi nent

i s descri J&@ has eh opefieg E2Cextensimg heretBoughso exReE@racomgnt eficphadd igyaro Fig. 39,
a construction 500 is illustrated which conprises a pair of fragnents 102
and 104. Edenisn firsidegturggrmitamdogaiien (8@ and hpagr opanin efiensifdque | ayer 112.
Layers 502 and 504 are between the base and opaque |ayer. Layer 502 can
conpri se dherathreughae prrpsasaprioer $@m9§b‘?f|°ﬁ§qq9afyéﬁe”alv1ﬁ?dﬁth&‘l sggondigalEEes a smal |
phase shift (with a suitable material conpri si one or both of chrom um
and al uni rRi’ﬁt?mé@R‘?ﬁO%téMfBrﬁo"o@ﬁ'éhﬁoehasﬁﬁ'ﬂ ePrt'am%Slﬁgwer E'@H”mr\oc’éﬁ%ﬂﬁ $litters.
Layer 504 can conprise a material whic rovi des at | east %transm ssion
of a desi ri&d SREQE ER (PCRTIIE 1P fRd haéﬁ'ﬂlcﬁ?épgmﬁ?se?@r%%‘i"?fd'yég ’TOO%

transm ssi o of %ge desired wavel ength of light, with suitable nmaterials

bei ng, forP% , quartz or silicon dioxide. The material of |ayer 502 can

S e 3P i g B A e
P e VA A SRR B T A 2. 1
ﬁgg- L??/telr CWF%B?hZ Hé%rﬁg%got?’h t g%{p% c{’f&g‘oes ngﬁgﬁéao\(/%a?%u%%% aa{ § 53& : Zned

etch to extend openings 520 and 522 to an upper surface of layer 502.

[0153] Referring to Fig. 42, photoresist 510 is exposed to a solvent (or other

suitable processing conditions) to remove thinned portions of the photoresist (Fig. 41),

and subsequently an etch is utilized to remove exposed portions of layers 112 and 502.

Since layers 502 and 112 will both typically comprise metals, they can be etched

simultaneously, utilizing an etch substantially selective for the quartz of layers 504 and

110. A suitable etch can be, for example, an etch utilizing a chlorine-based plasma. In

alternative embodiments, layers 112 and 502 can he etched one at a time relative to

one another. The structure of Fig. 42 has first and second feature pattern locations 130

and 134 extending to an upper surface of base 110, and first and second rim locations

132 and 136 extending to an upper surface of layer 504,

[0154] Referring to Fig. 43, a protective masking material 530 is provided over

first feature pattern location 130 and first rim locations 132, while leaving second feature

pattern location 134 and second rim locations 136 exposed. Alignment of masking
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to the rimlocation or feature pattern | ocations associated with fragpent
102, but rather sinply should cover such |locations. It is noted t hat ' JUL 2006
al t hough masking material 530 is illustrated in Fig. 43 as being provided
after renoval of photoresist 510 (Fig. 42), the invention al so enconpasses
enbodi ment sYQEPEPH photoresist 510 is left in place duriB&d/yPY%288 on of
maski ng material 530, and wherein the mask 530 is thus provided over
phot or esi slighbddksing@irebjh Reffieat fdahge pattdFn ¢ in phase with liphbpassingabrengltathe of base
110 and | ayer 504 are etched to extend second rimlocations 136 to an upper
surf ace of sdcaydrim3scnd lighthaseing éxoughdhs eeaond féaiure paberpég ngahasa widhaighdtn 134
into base 110. [0156] Referring to Fig. 45, protective nmask 530 (Fig. 44) is
renoved. Thassingdyaugh the fisst rimet Bushemaweligradiyrtbe lighiaresing Heaugbithe st | ocati on
130, first rins at locations 132, a second feature pattern at |ocation 134,
and secondfegiurspaiier schited sphpse by fram abehsO? trealiooh 1Y relptiye tatigitan
correspond to any of the radiation patterning tool constructions of Figs.
1-5, 8 andpassing roughythe fipsd teatung PatiaroagR MaTe Praferably iSseHiftrddyRRevel8R° ins
preferably in phase with |ight passing through the second rins, and |ight
passing thEsadgativedo iedishtPaseing hreughabe @Fshfq%?r%P@'feé‘?-am%/"thp%‘ﬁH@e with

| i ght passing through the first rims. Further, |ight passing through the
first featfr®gpsps r{‘”i‘ssﬂ%qcéii'@]sa‘@ﬁ?aﬂéétuémbeo?rh'ft%‘ﬁg' Oﬁfe‘i"&t ir%%tw@am i ght

passing Uy ough he L1t LIm a0 L oL, Begsiag ot e second
R T s
passi ng 1 naﬁ_‘f&?{’@sﬁﬁ?&ﬁs&“g. G RN R aﬂ%ﬂéj&fﬁfﬁ%‘ ol
Speci fi cal ?éf on“egn}r?)gglgeﬁr% 1%%%?%%0%§®5§17%6ﬁ38 é%%gd% gégetrc%%@\/ari ous
prosesses  whe sy o, HRRBler iRl b, bf FEA O A Codho i3REGROGC |1

i ght passin materi a I'n" particular aspécts, t can

i nduce a pk I; " I il 067330
PCT/ US03/ o@%g&s B bnds \%ﬁ?@ﬁﬂéﬁsgh%ﬂﬂﬁoggﬁg%coﬁehﬁg? ag%gﬁﬁ'ati ng the Iight.
Among the gyt hat gfther bREbGIRERGs B8sCABbA WIS HirdrBRetoFRjs. BdEC ng sui tabl e

changes in‘the'light-transmtting
Referring initially to Fig. 39, a construction 500 is illustrated which comprises a pair of
fragments 102 and 104. Each of the fragments includes a base 110 and an opaque
layer 112. Layers 502 and 504 are between the base and opaque layer. Layer 502 can
comprise an attenuating and/or reflecting layer, which also induces a small phase shift
{with a suitable material comprising one or both of chromium and aluminum) such as, for
example, materials utilized in beam-splitters. Layer 504 can comprise a material which
provides at least 90% transmission of a desired wgvelength of light, and more preferably
about 100% transmission of the desired wavelength of light, with suitable materials
being, for example, quartz or silicon dioxide. The material of layer 502 can be chosen to
give a similar phase shift that occurs during propagation of the wavelength of light
through air, and fabrication of a radiation patterning tool from construction 500 can be

simplified if layer 502 comprises a material which can be selectively etched relative to

base 110 and layer 504.
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characteristics of quartz materials are boron, indium arsenic, anti np?e(Lgﬂra)d
phosphorous. The ion-dopi ng net hodol ogi es can be incorporated into o
enbodi ments of the present invention, with exenplary enbodi nents bei ng

descri bed w rence to Figs. 46-58. [0158] Referring. initially to Fig.
46, a cons\twrvyég/lﬁ@%ﬁwo is illustrated. Construction 600 %§Ti'[t[§8?ﬂ’%2 | to the

construction 100 of Fig. 9, and accordingly identical 1labeling is utilized
i n descr i bhatgrial 80 sorestaritie! incthe gesedhatithgymagiedoegsiohbavede ibkitigkity dligned
describing the structure of Fig. 9. Accordingly, structure 600 conprises a

g ) ) ,
base 110 e rh losatdreer deatyre dehpni leealiorp paspyiated with Hpaaet 108yRyt rather (whi ch
preferably conprises chromun), and a patterned photoresist 114. Openi ngs
120, 122 aarly shouls eeuslsuadhiectigns- this neteckteat allpugh draskiegimateriah 53 isos e
segnents of opaque | ayer 112 at a first feature pattern |location 130, and
second ri iiysyetgginfig- 4% Peingipreyides pitsrrergyal of Rbplpresist 510 faoiehdied segnent s
of opaque |layer 112 (Fig. 46) are renpoved to extend openin 120, 122 and
124 to an QyssHen 2§ PM@PS%%@OPW“? phergig H%Bioéﬁ?'sﬁ RiR Sjﬂé'ﬁ‘ &ni ngs are
descri bed as extending "tqQ" an upper. surface herei | t. .is to.be understood
Lhat t ho GHERP AEUSOR meRnaELe ] 540 andsREFndiR MatksSQp M preidihd i nt o
t he surface. %0160!}, tlF\%eferri ng to Fig. 48, photoresist 114 is exposed to a
sol vent (deoREesiEnPabl e processing conditions) which renoves thinned

PS%LSFSO?%&{: o nﬁéﬁﬁriﬁ%{tﬂ%ﬁ@@%ﬁhi@ Bhistd oEREE 11she f‘éé"ﬁ%ﬁt o
t . tt
oeat ton S eBthegn Bheehd B bodfbhe £ BT nRs ity o0 S i 0 P2 2"

mask duri %9%“%%9%9%*3'19@“%%'F%‘Pﬁagﬁg‘?i’%@%& as illustrated in Fig. 49.

The i npl ant ed "dopant r region 604 within first feature

pattern | ofgssP L HterdffloTaf A8 ERRAR hadis303r0k 1 idhiclegeppnd rim

| ocati ons It can be ~ advantageous to proc e resist prior to

i npl ant i ngrs%yg@%ug@? A &Ry (b oddtich 15eL-irdORRs MQQQQ%R§?§%3 Cesi st

PCT/ US03/ 0 avoi d processing the resist after properties of t
may have heeshdrehifsshtiehy Aucation M4, aRG 8EddAR rifs ot RB&tdNE1B6! FRe F €SI ST.

Additionally, a hard nask can be provi ded between resist 114 and opaque
layer 112 dohsthld@sreof Mg.ais cahiceféspehd tdignyi deABEiaidh fdiRrriymbini ng
constructions of Figs. 1-5, 8 and 59-63. Light passing through the first feature pattern is
preferably in phase with light passing through the second rims, and light passing
through the second feature pattern is preferably in phase with light passing through the
first rims. Further, light passing through the first feature pattern is preferably 180° out of
phase relative to light passing through the first rims, and light passing through the
second feature pattern is preferably 180° out of phase with light passing through the
second rims.

[0157] The embodiments described with reference to Figs. 9-45 utilize etching to
form different thicknesses of materials, and then utilize the different thicknesses to
generate phase differences in light passing through the materials. Another approach to
generating a phase difference in light passing through material is to dope the material.
Specifically, U.S. Patent Numbers 5,208,125 and 5,217,830 describe various processes

wherein a dopant can be utilized to induce a phase change in light passing through

material. In particular aspects, the dopant can induce a phase shift of 180° in light
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resist. [0161] Referring to Fig. 50, exposed segnents of opaque Iayer7]}§}1;2006
(Fig. 49) are renoved. [0162] Referring to Fig. 51, photoresist 114 (

50) is renmoved. The construction of Fig. 51 conprises a first feature
pattern at ‘é{@%%‘{"%% 130, a second feature pattern at |ocat] on 1348 first
rinms at |oc ns 132 and second rins at |ocations 136. THEVYPVEEH cat ure
pattern at | ocation 130 and second rins at | ocations 136 are conprised by
doped r egi PAssingdrorgita Fateriat adpeld Bitgraaying Pﬁé‘ﬂ@r &5n3ng the gRe thaharsi ng t hr ough
the first feature pattern is substanti al lé phase with |ight passing

t hr ough t hiedicgledag bpma@mta&,lﬁjfot l”F‘Eﬁﬁ'?g %1@%'?:9 a’i%ﬁdﬂj@ﬁ lighfSransmiingr i ns i s
substanti al | hase with |i assing.through the second feature
pattern. @%a%argf%srqauartz maﬁﬁﬁ’g gg‘?rﬂﬁ ‘?‘H‘r"&ﬁjﬁ‘% @fpertand ng has a phase
WhIChISS ifted from about out 190 rel at| hase .of |ight
passing ¢t PHSARROYhel T4 P] Dt'ew?t@d%a@'ﬁww Be. P PSP BSRRET AL phase | s
shifted by, about xact 180. t.he ssi.n rough the
second ri nd péesgpépwgn ))”@I"ﬁxfe["@ b?‘ﬁdB‘?ﬂ?%B%t}Q disfgg?q)‘ﬁ@b tﬁgﬁt@% rel ative
to the Ilg p%hchrng t hrough t he second feature pattern, and nore

pr ef erably ted by about 180, and even nore preferably is shifted by

?éﬁffa'uyoﬁsﬁgtﬁ?nfﬁ oo LRy o 06 g, Sl @B RIS AMAAR: 0™ T e er ence
desor beo. SN CPPEIR B 480 torRRRR" OB PRR, SMh oPhoraly IVERL, g 1

conbi nat | oy, hhs AiEefh 23 é!ﬁ)u?tﬁ@@bﬂ%&dﬂ%n%g/ PEig. B¥133Gues it agg | ayers.

[0164] Referring to construction | ust rat e The

constructi Q&CFIBIH&{%%CﬁI’J SR, of %%@ﬂblg@%c@@(ﬁ@ &HGRREs A bageit  104.

Fragments 102 and 104 both conprise a base 110 and an opaque material 112.

As_descr i agid9uisRis) comiassqubid), 3 opaclidiai2 62 WNBRSARIBRLHRRLLSS! 02288

can conprise quartz, ‘and opaque nat er | 112 can conprise chromum An

at t enuat i nghroeH) CdndX Bt Rrisdd fHotordbidt ay£T Opéhindssi2p! s grrhaesaemgn base 110
and opaque materi aI 112. Layer 702 can conprise, for exanple, nolybdenum

silicide, thighlhepdtiefraid éfh@ﬁﬁ'wﬁtcp@tfpbgé segnepad dfepad@Dayand2 kit 4 Sist 11 m
| ocations 132 are define
feature pattern location 130, and second rim locations 136.

[0159] Referring to Fig. 47, the exposed segments of opaque layer 112 (Fig. 46)
are removed to extend openings 120, 122 and 124 to an upper surface of base 110. 1t
is noted that when openings are described as extending "to" an upper surface herein, it
is to be understood that the openings can terminate at the upper surface, or can extend
into the surface.

[0160] Referring to Fig. 48, photoresist 114 is exposed to a solvent (or other
suitable processing conditions) which removes thinned portions 118 (Fig. 47) of the
photoresist to leave thick portions 116. The removal of the thinned pottions of the
photoresist exposes segments of opaque material 112 in first rim locations 132 and
second feature pattern location 134. The exposed segments of opaque material 112
function as a mask during subsequent implant of a dopant 602, as illustrated in Fig. 49.
The implanted dopant forms a first doped region 604 within first feature pattern location

130, and second doped regions 606 within second rim locations 136. It can be

advantageous to process the resist prior to implanting dopant (as shown) in order to
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relative to fragrrent 102, and a second feature pattern |location 134 an
second rim locations 136 are defined relative to fragnent 104. A patf’é‘r'n%‘)(?"
photoresist 710 is provided over opaque material 112. Photoresist 710
conpri ses ‘geni ngs. 720 and 722 extending to first and second feature
pattern | ocAPi"¥RE33030 and 136, respectively. Resist 710 RIFPELHRIIE ses

t hi nned regions 712 over first and second rimlocations 132 and 134, and
thi ck regiawid frodessing Wee kit affer prapertied of togiasiet MAY havé DegbitcReftoraugng to Fig.
53, openings 720 and 722 are extended through opaque material 112 and | ayer
702 to a simplangationpf ipagistolthe resiyie Additionagnm herdmagk cambaipigeided Betiweeite of base
110, as shown, or can extend into base 110. In either event, the etch can
be ref err e@sish! Wsanshapankr layert'd 2idbereis o effagtiefzne Wertiant on iep Eesaming. 54, resist
710 i s exposed to a solvent (or other suitable processing conditions) which
renoves t h&sBhi nned portions 712 (Fig. 53), while leaving the thicker
portions 714. Such renoval exposes segments of opaque materlal 112 wthin

first rim B ons Reteriagip Hefaxrasad F?Qf%ﬁ“?%?fsop%@!a layer198)(Figet® @4 ng to

Fig. 55, the exposed segnents of opaque material 112 (Fig. 54) are renoved.
Such ext en@®®¥pd.st and second rimlocations 132 and 136 to layer 702,

0169] Ref i to rotective K S for over fragnent
[102, ! and iétqﬁ??l ca|'{%f/gfa Jo Fig r%‘f PhoigegiPt! 1%2?'%%% ' E?(F%&VFS g%o and fi grgst rim
| ocations 132 ective ter ﬁlm)va of

phot or eisijs‘f "ﬁbc-{i?’gob s 1)00"595159? ?%rsit gea{u&e B%wedhﬁté?‘g"it'%dgﬁr?a?ec?ﬂ%feﬁ 5% or esi st
éégoﬁng e?‘?ﬂfeén Socelioh 194065 PR <4 bhiits 1 2 BB 4o Aims L RS YGa T erf’gft
ohotor st e LSRR BleallE o sl BSOS TR 13 EombPied™l g 1 o
Fig. 57, adfp%ﬁ@% ors B4 ahd! fgg Bhéetvd nt,@r ﬁ?&gﬂﬁ%ﬁt%&a@% &%tﬁwttﬁé nstlbocau on 134

and second cations or ope gion ase 110,

e aa

conpri ses @ynt hassingf Rl Befrd Hffss &lbstaBdiy iBoRabWaHNghOsARENE thrdRdfi the
second feature pattern. Also preferably, light passing through the first rims has a phase
which is shifted from about 170° to about 190° relative to the phase of light passing
through the first feature pattern, and more preferably the phase is shifted by about 180°,
or exactly 180°. Also, the light passing through the second rims is preferably shifted by
from about 170° to about 190° relative to the light passing through the second feature
pattern, and more preferably is shifted by about 180°, and even more preferably is
shifted by exactly 180°. The construction of Fig. 51 can correspond to any of the
radiation patterning tool constructions described previously with reference to Figs. 1-5, 8
and 59-63.
{0163] Another embodiment of the invention is described with reference to Figs.
52-58, and such utilizes ion doping in combination with one or more attenuating and/or
phase shifting layers.
[0164] Referring to Fig. 52, a construction 700 is illustrated. The construction

includes a first fragment 102 and a second fragment 104, Fragments 102 and 104 both

comptise a base 110 and an opaque material 112. As described previously, base 110
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first rinms at |ocations 132, a second feature pattern at |ocation 1347 q’:mglﬂ v
second rins at |ocations 136. The dopant within region 740 is prefera“b 'y 0o
provided to a concentration so that |ight passing through the second
feature pat‘&&)ﬂ '7? rotated in phase by fromabout 170 to _about 190 rel ative
to |ight passi %‘J Hrough the first feature pattern, and mBC&/USEIEE% aply is
rotated by about 180, and yet nore preferably is rotated by exactly 1800.
Further, tdas cdupese queotacanstopatiimateniel th2manwpmhiise ¢hegnions Anattangatingef er abl y
chosen such that Iight passing through the second rimlocations is rotated
by from alrvgior pigsershittinghlayar 708 previded haiween basgHt!0pad spagra Mrtety)i 18he second
feature | ocation, and nore preferablly is rotated by about 180, and yet nore
pr ef er abl yLayer Fagtaansampise iy exkappiegmolybdenymsiliside. t he t hi ckness and type of

| ayer 702 is chosen such that |ight passing through the first rins is

I

rotated byl@168h abodtfiratieatyis pagemtlocadion 1 3. ap¢ fiest fi'% Ipqagans hitsyP Agfinedr ough
the first feature pattern, and nore preferably sg that |jght passing through
the first "PRHY® PIRgMEBhYZ _gnc} Bfetosd f?ﬁwrﬁlﬂﬁ'ﬁﬁm qggtion b4 ?ﬁ?r%’%’?‘grf"ér ably by
The. const reaiPen ! tereigtnestSalve BIRRRERGIN. A euampoanobrss S0 fon o
50- 63, [ 0Prof e R ORAHSRE L PRROEHE 110 5RmP U oD Bde (F TR g

[ 740 d 742 f | d littl it i f
o0 o0 vyt B A kP BAIE Bt DR B BBNBML Do o anc
s e o 58 B AR P98 BEDR o LB Bt Ton. anc
the i i nmpl , i X . shi i t hout idi
addi t 1 onal g et R Plaids Yy BB BB 3836 2 ) Usoas ob2es (01731 The
fabricati hod ' i I j
ool one. VAR pac: frea B B e Rar Bk % 48 cxeRucdRh opailelC (o,

0 degree%natte,%ﬁm§9M%agérg7o@%mu9m§frbs§éﬂd. ARG ERSSod Rear Bel ni ng

regions, to obtain egrees, at least for the sinplest designs. (It is
not ed t hatg GaRS §aSe A0 dsisABw® for CBS ext8 M TRIdHMAE 4 16S IiBereRh @e &an be forned

si mul taneously.) The described nethods which apply different |evels of
e- beam or daa%@rrefgﬁ@m@ggcéﬂ@{dir@qoggsm oresist in different

[0167] Referring to Fig. 54, resist 710 is exposed to a solvent (or other suitable
processing conditions) which removes the thinned portions 712 (Fig. £3), while leaving
the thicker portions 714, Such removal exposes segments of opaque material 112
within first rim locations 132 and second rim locations 134.

[0168] Referring to Fig. 55, the exposed segments of opaque material 112 (Fig.
54) are removed. Such extends first and second rim locations 132 and 136 to layer
702.

[0169] Referring to Fig. 56, a protective mask 730 is formed over fragment 102,
and specifically over first feature pattern location 130 and first rim locations 132. The
protective mask is shown being formed after removal of photoresist 710 (Fig. 55), but it
is to be understood that the photoresist 710 could also be left in place during formation
of protective mask 730. Second feature pattern location 134 and second rim locations
136 are left exposed after provision of mask 730. Mask 730 can comprise, for example,

photoresist.
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regions of a mask can be done with only one nulti-dose exposure. Any
additional alignnent to further process the mask can result in uneveh
pattern sizes due to mss- alignnents, uneven doses and uneven mask etching,
thus affecting the aerial image on the wafer surface and therefore giving a
di storted I‘X?gﬂf]ﬁ.“:ion particul ar aspects, if additional rd&&GT&S¥IBHure is
desired, only coarsely aligned exposures occur. [0174] A difficulty of

i magi ng conitdédls by Pefemingde Figre¥ Hodipaotiazris impkamed bipsacand teatiet ween t he
contacts is smaller that a desired contact dianeter. Specifically, it is
difficult tettermigpatiomtdianstsecord tintdrations 198de fagmis dapgd sedien Wemthime

contacts. It is typically easier to print isolated contacts with | ow
spatial cofhesehthapd dppgerepiona42 wihin @yer 8pl i cati ons of the present
invention can_enabl e optim zation of process |atitudes for both isolated
and dense cBifHcts. ﬁ@%ﬂ]g tqiig- PEorPleative pskeEBh ig. &6 ciemeuer. nBeei n can
start with a mask blank that already includes the desired |ayers, such as,
for exanpl EONSiEHANOf Fi, 58 cPAPESes afs; featuig pafter at &gatyre pptter dopationt H3f um
Alternatively, the nethods can start wth a "standar mask bl ank

conpri si ng TGHEME At '-OCW%S@F 132=@n§%9ﬂ@fﬁa3ﬁ%lp?%?t IP??“gﬁég%ﬁ YW Se°HW Mg &lpr i cat i on
e B R A AU 630, R Sl 5
FERREEE it e e et (e
enguge oSSRt L R R e v
T L RS A A
i any of oo EERbuf bt £ i RUBAL 782 s forel B AbG Fouch

appended clg, 5 ARRGAPKARle LA fSalond 18 AHSABIRBEFabt rob e _doct i ne

of equival ents: CLAl A radiation patterning tool
conpri St Ng.ahout 190° relative to light passing through the second feature location, and more

JUL 2000

preferably is rotated by about 180°, and yet more preferably is rotated by exactly 180°.

Further, the thickness and type of layer 702 is chosen such that light passing through
the first rims is rotated by from about 170° to about 190° relative to light passing through
the first feature pattern, and more preferably so that light passing through the first rim
locations is rotated by about 180°, yet more preferably by exactly 180°, relative to light
passing through the first feature pattern. The construction of Fig. 58 can correspond to
any of the radiation patterning tool constructions described with reference to Figs. 1-5, 8
and 59-63.

[0172] It should be noted that the dopant utilized for forming regions 740 and
742 preferably provides little or no attenuation of a desired wavelength of light passing
through the second feature pattern and second rims, but rather only provides a phase
shift to the light. In particular applications, layer 702 already provides desired
attenuation, and the ion implanted dopant provides a 180° phase shift without providing

additional attenuation.
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a substrate which includes a quartz base, a first phase shifting 'ayehﬁ’{‘fﬁ{oﬁ
the quartz base, a second phase shifting |layer over the first phase
shifting layer and having a different conposition than the first phase
shifting la\éﬁro and an opaque nmaterial over the second phase shifting | ayer;
a feature p U Hav i ng a periphery and configured to i np&r{US§39z2st
rotation in phase to a wavelength of |ight passing through the feature
pattern; t@78kat ur @hpighrieationovethedssiasgizedieatairecan enableself-alipnroenth t he first
phase shifting | ayer, second phase shifting |ayer, and opaque |ayer; and a
ri m al ong ketpeanreginns Moré epdaifiigely, 8 cpabe easierge ekpsiseope begiomety. &dréng an
entirety of the feature pattern periphery; the rimbeing configured to

i mpart a segEIeg then agvedi (Wikh phiieresist anthexpRes ledaiganingfregiPigy it obi#dn t he

wavel engt h passes through the rim the second rotation in phase being from
about 170 1%&?@@@‘3‘ qtdpaggf@mhelsgnpigg@,egggs.r(g||sa@qt%thpbcqr}tp§>tq acsims efthe i on in
phase; the rimconprising a pattern etched through the qQpaque | ayer and the
second phai@desiiaee pHgNg %%'PE,‘"C&H@etf‘b'“"teﬁé'mq‘tﬁg‘?ouﬁbfégy‘%q’ﬁspf@%”?@?@r. 2. The
radi ation patterning togl of claiml wherein the first phase shifting |ayer
att enuat esviisrapR dilereRdpvels of srbeamonEREREE PiRkdiEtieh PRl S parfiorent The

radi ati on patterni n%tool OJ claim |¥ wher ig: the fi rsé ph&?e shifting |ayer
conpri ses 'RBPYHOHTRTHRT B8 qongfith oalPrerHt-dase Ao ias eNS ATFHONRY | ayer
conprises silicon and one or both of oxygen and nitrogen., 4. The radi ation
ot Fer ni g leBBRTdp FEnes fiserinies breK tassHan eV pBrO B At BlfFor um 5. A
radi ation patterning tool conprising. an array of . feature patterns arranged
in rows an 'QE@PW%@;%V?%@OSPEQPNEPaeﬁgg??gﬁ§0%wgi %BS a@%ﬁ??&ﬁ%eg'a'ﬁ'wg? &a phase
of a wavel.,en f ]l e.l.i . h tyre patterns;
the feat uﬁ%%% %ﬁéﬁg%ﬁéﬁﬁﬁ%’%&"ghﬂ?%g %?/%20%{@%9&#%25?&5&%’ irst rotation

to the ph%%itioﬂé]?es?st%ﬁ;?&ﬂf’e if%)ﬂggire#"?@ﬁ}@t&%ﬁtﬂfél@8&8§€c§s§% dogiAation to the

phase, the second rotaiion belng es 1o "about 190

degrees reliaye 0 difadihimdeiofitls /)it UPiRRS oBlud ALY © pat terne

alternatin one ~anot her WS the array;, a plurality of
first ri g i ; | Al ; @}%@ t he

wavel eng':nkslS e@?@‘"??g‘fﬁ?g@ ﬁg cﬁhr% E{S lér %"ﬁn%’ref)gﬁ%E’%’%ﬁf@ﬁg@érﬂ?a?h SE@%"HH type of
feature pafik@fifsi idimigt i édrtackd wﬁ%?%gfn'gﬁd&é%‘ﬁét@éﬁrﬁﬂeb@nthé@aﬁﬁs the second
rotation to the phase of the wavelength of Iight, the second rinms being

al ong edget§pi@m|yfea§eflftbrpﬁﬁt ié?iﬂ@d @bnth&3 WA B tiarcaﬁ%rggw(“si@m’).f Pagibuiand second

rinms being along colums of the array. 39 JUL 2
applications of the present invention can enable optimization of process latitudes for
both isolated and dense contacts.

[0175] The fabrication methods described herein can start with a mask blank
that already includes the desired layers, such as, for example, quartz (substrate), MoSi -
quartz (silica), and chromium. Alternatively, the methods can start with a “standard”
mask blank comprising quartz - MoSi - chromium and then, in the middle of a fabrication
process, an additional phase shifting layer can be deposited on top. It can be desired to
apply additional lithography steps to strip this additional layer in selected areas, but
such can create a risk of miss-alignment.

[0176] In compliance with the statute, the invention has been described in
language more or less specific as to structural and methodical features. [t is to be

understood, however, that the invention is not limited to the spegcific features shown and

described, since the means herein disclosed comprise preferred forms of puiting the
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6. The radiation patterning tool of claim5 wherein the two types of feature
patterns do not alternate with one another al ong the columms of the %w%aV9°
7. The radiation patterning tool of claim5 wherein the two types of feature
patterns qu89/67 pternate wi th one another along the coluyms. of the array,
wher ei n adj acen eature patterns along the colums are 5@5&5&?%%&¥r0n10ne
anot her by a distance, and wherein the individual rins extend all entirety
of the di sin¥gitien e aiéach Feg iavenien fsefetaferepaaimed fsany of g farme ok ol uims of t he
array. 8. The radiation patterning tool of claim5 further conprising a
plural ity ®pdifsaiiang witeo the pippes $soReL! g arpeRdedrimsarrgyiaiel itteiited al ong
colums of the array. 9, The_raqiatjon patterning tool of claim5 further
conpr i si ngM&CHERRAL Y e degtdRe o' eguivalelispr essi ng patterns: individual

si de- | obe- suppressi ng patterns bei ng between adjacent rins al ong

COLIININIIS of the array; the individual side-Iobe-suppressing patterns
being configured to rotate the wavelength of |ight by from about 170
degrees to about 190 degrees relative to the rotation inparted to the |ight
by the rins on either side of the individual side-|obe-suppressing patterns.
10. The radiation patterning tool of claim9 wherein adjacent rins al ong
tile Colums are separated from one another by a distance, and wherein the
i ndi vi dual side- |obe-suppress i ng patterns extend an entirety of the

di stance between adjacent rinms along tile colums of the array. 11. The

radi ation patterning tool of claim9 wherein adjacent rins along tile
colums are separated fromone another by a distance, and wherein the

i ndi vi dual side-| obe-suppressing patterns do not extend an entirety of the
di stance between adjacent rinis along the colums of the array. 12. The

radi ati on patterning tool of claim5 wherein the two types of feature
patterns alternate wth one another along the colums of the array. 13. The
radi ati on patterning tool of claim5 wherein two first rins are matched with
each of the second type of feature patterris~ and wherein two of the second
rims are matched with each of the first type of feature patterns. 14. The
radi ation patterning tool of claim5 wherein the second rins are not al ong
rows of the array. 15. The radiation patterning tool of claimb5 wherein the
first and second runs are not along rows 40 7 JUL 2006 of the array. 16. The
radi ati on patterning tool of claim5 conprising a quartz base, a first phase
shifting laver over the quartz base, a second phase shifting | ayer over the
first phase shifting |ayer and having a
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different conposition than the first phase shifting |ayer, and an opaque

mat eri al over the second phase shifting |ayer; and wherein: the first type
feature patterns are patterns etched through the first phase shsjgi fgs! ayer,
second phase shifting |ayer, and opaque |ayer; and the second type feature
patterns are patterns etched through the first phase shifting |ayer, second
phase sbiitnifig | ayer, and opaque | ayer, and into the base. 17. The radiation
patterning tool of claim16 wherein: the first rins are patterns etched

t hrough the opaque | ayer and the second phase shifting layer, and to the

first phase shididtiongattead@d tooladhptifige:second rins are patterns etched through
t he opaque | ayer and to th@asecon pha e shifti ga yer. 18. The radlatlon
hﬁ‘ﬂa%

patterning tbOPSEYe Whigh 1B WEes irE; 15 A YSF phasg s Y&V eT P apartaasp a

at t enuaie@sndtifse shiki@Btiay@Ps\@r thb Fikt hhie SREIANAYRNAAS Raviilll f difftentlcampdsitioh $han The
radi ation patterning tool of claim 16 wherein: the first phase shifting

| ayer cORPFT B shiffiyblarsioand anapagie maisral oxgrdhe seepad pbese i tipBAREs shi f ti ng | ayer

conpri ses si} fGaR @i ARG ppBhdly Ad coRNYBE& o Aichr Y ﬁretqgﬁnon it Qhasé it hod of
formng a radiation patterning tool, conprising: providing a substrate;

f or m ngwareinglgpf Fehapirsiae fapiea he feaiyp artieat Msyea e P IS BSIOMRriEng ¢ peten geed

feat ur e;nRRLE ik 'f‘ire,hﬁl\’ds@&l@ing ?éﬂ &@ﬁ{dyphasfe'af%ftfﬂgrl;?y%r faﬁ%ﬁzlﬁ& IR@d-tmaned being
configured to inpar first rotation in to a wavelength of |ight

when the wavetiad Ea}ﬁa@@@@f thi Fegugrrpatipre pprlnhgfry bwblaﬁttawég patrtigtnel thofepingg a
First rimesYRRtehethe M b &th&%ery Mheseédnrd%(lﬁmﬁdn% Eﬁds@%rﬁé QY ﬁgtﬂ%?t' on of

the first feature pattern per ut not along ah entirety of "the first
f eat ur eligawherthe pevelqpbdmysses thevugh the rime thesedoed retptioo f thgsertethgtfom abpetrif’0 a

second @%FE%E EO%B?Lh @9(?9&%?&%5 Feﬁ)at IRJQE) tK\@ng rgﬂgcglhn?) 135!3 I t%"ttimvg@ %Erlstnrhi e‘gﬂgr%leﬁ:ﬂ&} h

passes rough secon from about
170 degmamghmgoamouhyigﬂdﬂdegme@smmeﬂwmnybwtamﬂheméfT%pm%@ﬂamn@hywn phase;
form ng a second feature pattern supported by the substrate; the second
feature pattern having 41 7 JUL 2006 a periphery; the second feature
patterngd belirgadaivhipgueredg too! ofrgbamtl vehetelm thelfirsoghasd sbiftinglayph asaubtes thhe

light more than the second phase shifting layer.

3. The radiation patterning tool of claim | wherein:
the first phase shifting layer comprises molybdenum and silicon; and
the second phase shifting layer comprises silicon and one or both of

oxygen and nitrogen.
4. The radiation patterning tool of claim 3 wherein the opaque layer comprises chromium.

5. A radiation patterning tool comprising:

an array of feature patterns arranged in rows and columns; the feature patterns being
configured rotate a phase of a wavelength of light as the light passes through the feature patterns; the
feature patterns including a first type which imparts a first rotation to the phase, and a second type
which imparts a second rotation to the phase, the second rotation being from about 170 degrees to
about 190 degrees relative to the first rotation; the two types of feature patterns alternating with one
another along the rows of the array;

a plurality of first rims configured to impart the first rotation to the phase of the wavelength of
light, the first rims being along edges of the second type of feature patterns;

a plurality of second rims configured to impart the second rotation to the phase of the
wavelength of tight, the second rims being along edges of the first type of feature patterns; and

the first and second rims being along columns of the array.
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wavel ength of |ight passing through the second feature pattern; the third
rotation in phase being from about 170 degrees to about 190 degrees
relative to the first rotation in phase; formng a second rim supposdped by
the substrate; the second rimbeing along a portion of the second feature
pattern periphery but not along an entirety of the second feature pattern
peri phery: the second rin1being configured to inpart a fourth rotation in
phase to the_wavel engt h of ht when the wavel ength passes t hrough t he
second i m TP?éaqli‘ﬂ?r“tpﬁﬂ‘?fb't‘&foiog?f9‘%@6%@@“‘0‘8‘?W@Weéﬁf LAY PSS et ees  to
about 19QnfRavi@ame bRIIRL bRy the cbIlAnS Mitichrfapt ation in phase. 21. The nethod of
claim20 wherein the first and second feature patterns are arranged in rows
and colums; wherein the first and second feature patterns alternate with

one anot her 'ﬁh&ﬂ&attd’!%aﬁ&%g%l §@im 3rW@din tﬁ@dvovb?&@@”&aﬁl aftdrh$do pd second
rins are 22. The method of claim 21 wherein the first a second feature

pat t er ndlteEienyth ofe prathea plangihe Kolymas ofthrarmerhereimilitcerd feare pasrsplopatiear r ay .

23. ThecmahiQe Qparfitddroth e MABELHY N, diftghcE ks whaes irer@0RuiIeAlUkRnPAf t erns
alternate with one another along the colums of the array. 24. The nethod

of cl ai PAtXY oitiks distance R weeibsiaceitt éeabsnpattriae glong thatdpmes oftheaig@par ent to the
wavel ength of light, wherein a | ayer opaque to the wavel ength of light is
provi ded over the substrate, and wherein the first and second feature
pattern$ andlhd idjptioaptiesaing gl ofickm g ferttepeammisBy a pherliy efgidg-lpeyer of

phot Oreﬁl'pﬁlfessﬂ%é%netr R:Pe%ﬂ%! adBRE Ghd Bbng Blufrn éﬁthPerrer' on of the photoresi st

being over first defined feature pattern |locatron, a second portion of
t he photore5|st bei ng over a first defined r|n1locat|on a third portion of

the phogoresygt,, %ﬁﬁo’ﬂg)af?%g%%?oﬁ ﬁH‘rﬂS%’?HePSﬂnJr@i% Hronzg A S&fdL opeocation, and a

fourth portion o resi st being over def’i ned r|n1locat|on
r enovi nglppllmlﬂfglpﬁimrn%lntdl\*ﬁct;m%h? Iple-tuppnassingfpatidnes hshrgtbovesi sdjaced renpdseg segnent s

of the H%’ﬁ{s o'f{%etaﬂgyd alelihibiak aﬁ’%%‘ﬁo%ﬁ@?;{p?e%& Jfa%r% ioﬁ{é‘g @ﬁé?@(ﬁ;w}g‘[a{eitlm | ocati on;

removing the exposed segment ayer-from t eature pattern
Iocatlowmahdgse&bmmbyﬁvmmb@néﬂw¢mﬁmamdbeﬂdwvﬁgﬁenE@HWhenbmb$ﬂmaﬂmmﬂgiform

openi N9 tfleq{glgpby E%Fu%% Iy & {[elrjglgei(ﬁQEe 1n{l|VLduzﬂ(§%E IIo(?)n sg‘pnp?esm%?pc% ed rimlocation of

the subSt'rd peni ngs ature pattern
| ocati on and second rlnllocatlon renDV|ng the second and third portions of

t he phot oresi 0. expose. s the layer .in the first rimlocation
i Sectha r BRved &R HRRETRE FAIEN kT ulT g elod uleshlloes Bghent o of

t he | ayeparhtedfroilbee ddottet by a disthmesdod ovhe@indhsiediofidalfskiatieheasuppadsing paitehiscat i on.
4

extend an entirety of the distance between adjacent rims along the columns of the array.

tl. The radiation patterning tool of ctaim 9 wherein adjacent rims along the columns are
separated from one another by a distance, and wherein the individual side-lobe-suppressing patterns

do not extend an entirety of the distance between adjacent rims along the columns of the array.

12, The radiation patterning tool of ¢laim S wherein the two types of feature patterns alternate

with one another along the columns of the array.

13. The radiation patterning tool of claim 5 wherein two first rims are matched with each of the
second type of feature patterns; and wherein two of the second rims are matched with each of the first

type of feature patterns.

14, The radiation patterning tool of claim 5 wherein the second rims are not along rows of the
array.
15, The radiation patterning tool of claim 5 wherein the first and second rims are not along rows
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7 JUL 2006 25. The method of claim 24 further conprising, prior to renoving

t he exposed segnents of the layer fromthe first rimlocation and second
feature pattern location; inplanting a dopant into the first featutme
pattern |l ocation and second rim/location. 26. The nmethod of claim25 wherein
t he dopant conprises boron, indium arsenic, antinmony or phosphorus. 27.
The et kb @faycl ai m 20 wherein the substrate conprises a materi al

transparent to the wavelength of light, wherein a | ayer opaque to the

wavel ength of light is provided over the substrate. and wherein the first
and second f e adieiqpghtening tadnet didihStcompdsigecondz bisem fastehherigthghyyer f or m ng
a |l ayer of photoresist over the o ue material. a first portion of the

phot or e8EIP BTG <o seoN Hipseap i ioa e Bt t eV past Era BERe PBIE S second
por t i ondietbrehiv@mphriicnrtksi tsd filoephag saifeig 1ayet, iah@Gin opd@de MRkl bver leGadoh®phas@ t hi rd
portionqoé t he phth%es[st bei ng over a second defined feature pattern

| ocati ofl"'"BHEYY FGUYFK Porti on of the photoresist being over a second

defined rim iheeat iypdfeafuRuemgart Patekdstethe AN uEHhE Brspplidé Bin@layérhRcond
photoresi st {0 expose segnents of the layer in the first and second feature

pat t er nPhagCRt Tesiayera8A8YINE ¥ freak posed segments of the layer fromthe first

and second f@atdbRl Al @R pahQRAdré PRGN @R dGhGIMING: FiRE hatd\BifBMDEISrate to
formopenings in the first and second feature pattern | ocations of the

subst r ate&ondphess shiftiigdisg 2phepagpearshgsd e Hre3sti rst and second feature
pattern | ocations, renoving the second and fourth portions of the
photoresi st to expose segnents of the layer in the first and second rim

| ocati ohk; ahif 'PEMRPAGCEIRG taskplodidy 18 edimEit s of the layer fromthe first and

second rim {O@AL [iR0gre gl%msTef&fhe&Yﬁutrcﬂ@ﬁittféfopgdu@iag}rzaﬂd‘{}’fé%lé&)inﬂpﬁe@@stﬁﬁ'iﬁ%?ia&@r?e
consi sts essentially of quartz, and wherein the |ayer opaque to the

wavel engtdto ths firss phaselstpftipe layert #ig agai nst the quartz of the substrate and

conprises  cfit oL iMimeSe p%&ﬁs%ﬁc&%{ﬂrogéh b @?Jﬂlgléym% &) e §e@&dﬁﬁ9§tsﬁimn

conprises a quartz base, asé shiftin |'ayer over e quartz base,
and a skgand phase shifting |ayer over the first phase shifting |layer and
having a different conposition than the first phase shifting |layer. 30. The
nmet hod of claim 29 wherein the first phase shifting | ayer conprises

nmol ybdehum ahid: radiatidngemgrniap tholvfertaan i 6 twhere meleoiiret phhesbilisiy Iher agenLagsahe

conpr i SF@H ﬁliolreitf’\facr)ﬂl1ea‘srge901%np%a5%r3hi?tﬂ]tghay%t. oxygen and nitrogen.

19. The radiation patterning tool of claim 16 wherein:
the first phase shifting layer comprises molybdenum and silicon; and
the second phase shifting layer comprises silicon and one or both of

oxygen and nitrogen.

20. A method of forming a radiation patterning tool, comprising:

providing a substrate;

forming a first feature pattern supported by the substrate; the first feature pattern having a
periphery; the first feature patterned being configured to impart a first rotation in phase to a
wavelength of light when the wavelength passes through the first
feature pattern;

forming a first rim supported by the substrate; the first rim being along a portion of the first
feature pattern periphery but not along an entirety of the first feature pattern periphery; the first rim
being configured to impart a second rotation in phase to the wavelength of light when the wavelength
passes through the first rim; the second rotation in phase being from about 170 degrees to about 190
degrees relative to the first rotation in phase;

forming a second feature pattern supported by the substrate; the second feature pattern having

4]



43 7 JUL 2006 31, The nethod of claim 29 wherein the opaque material is

physi cal | y agai nst the second phase shifting layer. 32. The nethod of claim
29 wherein the opening in the first feature pattern |ocation is7gxtsneed to
no deeper than an upper surface of the quartz base, and wherein the opening
in the second feature pattern location is extended into the quartz base.

33. Thea peiphad thf secondifentd® pairarcdibéing trmfigpeniongpart Nthideothtidhdi plasdtosecond

AR O R I A AT

| ocat i osboanid(idedrsds td abaul WOk o relativritd ehe ke rquatioh @cpHavee mask is over the
first featur Qattern 4ocation nd fi%%t tinlloc§tiq? ﬁxtendin? }pe
openi ng in t REMERASHANSG WA URPST R BT 3 0P fIe SRR M igiaig g £ RPOF AN ec ond
phase s&tdddifegure payer pedibhdriBurSighsdipah entirery oo thes@dndfRemicngiérn pédydesedond rim
| ocati on; and rennvipgikge_ﬁrotective mask from qver the figs% f eat ure

pat t er n**FYEALT GAMEGHA FIFSE PPH] & HLAIFRT ghasetn e vt et bt et wher ei n
the subsivahghp@IRthdesh tBe AT Zm IRSBurtADdLALE BNhadel D F@WAboutdYededrte quart z
base, and a phase shifting | ayer over the attenuating |ayer and having a
differeﬁ@bmﬁéﬂﬁ%gﬁ??ﬁhmfﬁﬁﬁmﬁﬁﬁdﬁfﬁﬁﬁﬂﬁﬂ?ﬁg | ayer. 35. The method of claim
34 wherein the attenuating |ayer conprises one or nore of Cr, M and Al;

and wherein the phase shifting |ayer conprises silicon and one or both of
oxygen and nl e of sgim A whergip plsdirgand tespnidh ISUUGRREEISH HENFIAHIWGS™ n t he

first anfusRCONGeih BRI BndRbLRITELtkEpaletRARernAl RitRYiMIRE: diham URPBImsSUr f ace
of the quartz base; and further conprising: formng a protective nmask over

the firdtviwdeewinghs bsrHdiserat IBRa8nd first rimlocation; while the
protective mask is over the first feature pattern |location and first rim

| ocation, extending the opening in the second feature pattern |ocation into
t he sub&tr at Ee egiepdfabeldnhgt whereid gerfirsignd seceddeaiee apiterisidnnpodigiisnvifisine h

ext ends, f,g..AMHRREL G ER o@Fy the attenuating layer; and renoving the
protective mask fromover the Tirst feature pattern |location and first rim

| ocation. 37. The nmethod of claim27 further conprising, after renoving the

exposed, segrpnts.(al otfleﬁinLQV@FlereiE'n E}l@ﬂ}rét'ﬁﬁd Ieifc&ﬁ{tfeeﬁur}g Bé?e?r%%ﬂe.fuktg\ditﬂ Gat 1 ons:

form ng a protective nask over irst feature pattern [ocation and first
ri m | ocawihenalong the columns of the array.

24, The method of claim 20 wherein the substrate comprises a material transparent to the
wavelength of light, wherein a layer opaque to the wavelength of light is provided over the substrate,
and wherein the first and second feature patterns and first and second rims are formed by:

forming a layer of photoresist over the opaque material; a first portion of the photoresist being
over a first defined feature pattern location, a second portion of the photoresist being over a first
defined rim location; a third portion of the photoresist being over a second defined feature pattern
location, and a fourth portion of the photoresist being over a second defined rim location,

removing the first and fourth portions of the photoresist to expose segments of the layer in the
first feature pattern location and second rim location;

removing the exposed segments of the layer from the first feature pattern location and second
rim location; and etching into the substrate to form openings in the first feature pattern location and
second rim location of the substrate;

after forming the openings in the first feature pattern location and second rim location,
removing the second and third portions of the photoresist to expose segments of the layer in the first
rim location and second feature pattern location; and

removing the exposed segments of the layer from the first rim location and second feature

pattern location.
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while the protective mask is over the first feature pattern |ocation and
first rimlocation, 44 7 JUL 2006 extending the opening in the second
feature pattern | ocation and etching into the substrate to formap.2¢@peni ng
in the second rimlocation; and renoving the protective mask from over the
first feature pattern location and first rim |ocation. 38. The nethod of
clain1375mhew&hnah@ﬂﬁpmmhe¢ﬁhmawm&$Kmempmhs&&mph@umﬁﬁ@bﬁﬁsqﬁﬁnmﬁhaenethod
of clal 27 furt i Si r enov t he x.ose nents of the
Payer - P hiepbihe PRT oG O0RGe Sl fresBle sy Gl REE S SPar Bt trmsk
over t heatuterptterh abtitmennp adcoad nimli@aein. on and fi r st rin1|ocat|on while the
protective mask is over the first feature pattern |ocation and first rim

| ocation, inplanting a dopant into the second rim/location and second

f eat ur e2g@at t ehmétheBifictith 28ndereinaifitpng chhigispy Ok @G tidien, ABsKc fah@hvgwer the
first featyre pattern location and first rim |ocation. 40. The nethod of

cl ai m 38"GA¥FEi n the dopant conprises phosphorus, indium arsenic, antinony
or boron. 41. The nethod of claim 39 mhereln the substrate conprises a
quartz pmss haV|n gase ﬁhlftln %er t her eover, wherein the openi ng
formed Ph t helSRUBMEPTREAY of Ha R 0TGP MBI MaliHE! MPHPBIGA e phase

shi fti ngaleamgih o Nght!Whebdi®a GYETdpdquIBSEHe watdendies @it if NEvidQRABLE thk Subkiawd, ant ed
into the quartz mass of the second feature pattern location and into the
A

phase sMid¥herdn thafiest angseqand feabropaders ard ff ratcaa@ pesANd s arg fEmEGbYiod of cl a. m 41

wherein the pRase asef §fipAGiolca¥Eve CRITI L SORarbiil »atmgrydmo%au@ phdt&@8st bidg A
nmet hod of forn1§g a radiation patterning tool, conprising; providing a
\;

subst r apwr 4 {ifpkd 5%Eeﬁtaf%as%mﬁq%qnn@S%OWE!%O&H@@a?t@m'sttb@ma o¥giveI'Engt h of

light, gandd ARSI 991.@ Hoﬁ)b‘ﬁ%fﬂ@%ﬂ&i@re&g btenh%o%/@\é%c%ﬂ@&éﬁn@(ﬁ fehﬂu&%nwer the
mass; formng a | ayer of photoresist over the opaque material; a first

port|on“@ﬂ“@ﬁ@dBﬁhﬂ@m@§W§PfﬁéPH§0mﬁvé?m30W¥?§%m@%¢ﬁW@H“$é%ﬁumb pattern
l'ocation, a 3G60R thQQHt L Od @ p&lﬂ@nm%q{h%}e% tQ@kﬂ%ge QUREnof thf Bler PGET ned

rlnllocatlon at d portion of the photoresist being over a second defined
featureﬂﬁawﬂéﬂw“dﬁ@@&ﬂﬁéﬁ“lﬁﬁ@mﬁ fourth portion of the photoresist being

over a seconfl,dehi ARd 5 Laret i r&meehﬁge fifarisf Shg AR QRN por ti ons

of the photoresist to exposé segnents” of ayer In
tocations; and etching into the substrate to form openings in the first and second feature pattern

locations of the substrate;

after forming the openings in the first and second feature pattern locations, removing the
second and fourth portions of the photoresist to expose segments of the layer in the first and second
rim locations; and

removing the exposed segments of the layer from the first and second

rim locations.

28. The method of claim 27 wherein the substrate consists essentially of quartz, and wherein the
layer opaque to the wavelength is formed physically against the quartz of the substrate and comprises

chromium.

29. The method of claim 27 wherein the substrate comprises a quartz base, a first phase shifting
layer over the quartz base, and a second phase shifting layer over the first phase shifting layer and

having a different composition than the first phase shifting layer.

30. The method of claim 29 wherein the first phase shifting layer comprises molybdenum and
stlicon; and wherein the second phase shifting layer comprises silicon and one or both of oxygen and

nitrogen.



first feature pattern |location and second rim/location; renoving the exposed
segnents of the layer fromthe first feature pattern |ocation and second 45
7 J UL 2006 rimlocation; after renoving the exposed segnents efyyf hfel ayer,
i npl anting dopant into the substrate in the first feature pattern |ocation
and second rimlocation; after inplanting the dopant, renoving the second
and thigd porkd @aBoddf claie 2P RatemeRd Ghqlcinat@%PR$By FATFBRAIS: @ sdechel Jhayer in
the first _rimlocation and second feature pattern |ocation; renoving the
exposed UBYEEME's of the layer fromthe first rimlocation and second feature
pattern |ocation; and wherein: the doped region of the first feature
pattern %ocation s conprised by a first feature pattern configured to

i npart &-fir ke pyhed eiskim 3% phse® thorreniae dleletigtinre Sritary RO R to

wavel eng feepRASH AR upper AHERe §hBe fiaktd bast 8Rl WhereRatd §kfing InBe febéisitfedrirmn | OCati on
conprises a first rimalong a portion of the first feature pattern and

conf i guPEWtlecatiphigextended dHoHE apytZdeion i n phase to the wavel ength of |ight
when the wavel ength passes through the first rim the second rotation in
phase being from about 170 degrees to about 190 degrees relative to the
first rétati b Peibphestim efahesdbrereeasip &t ved srconddaatire Rateohlepdticess a

second Q@QhH&Qdﬂﬁi%Eﬁ&nﬁQﬁ%lQwﬁﬁﬂwﬁ&mﬂr %Tt a third rotation in phase to
t he wavel ength of |ight passing through the second feature pattern; the

third rotati briming aprsdvbepsigvETbniinbbute P7erdbgrisegnd brsatolrcaigy degr ees
relative to fhe. di :%¥egti€e3£%‘k el dle B ﬁé&‘threg’%‘xgerﬁ B@at%%ﬁc@'ﬁfs?&h?&taﬁgn,t he second

rimlocation 1s co rise y a second rim ng a portion o e second
f eat ur eepattingriive waeing orihd gorddeatwe patar lbcatiof guretdhingortatliesacdnd phdsashelting t he

wavel e”%g@ o?fhe'dﬂ%ﬁ&taﬁ!‘;@gn E.E%eﬁ’g&?rl t‘ﬁ@getcgndorﬂﬁﬁ%iogh&%ugh the second rim the

fourth rotation 1np rom about egrees to about 190 degrees
relative to tehevinhthegrotatiat mesk from pleaghe fird atfhgtamtihredorodnddirairim 43 wher ei n
t he subﬁ%&ﬁ%e consists essentially of quartz, and wherein the |ayer opaque
to the wavel'ength is fornmed physically against the quartz of the substrate
and conprises chromum 45. The nethod of claim43 wherein the dopant

conpri S?f borrﬁ)enmethé‘ Offlim 97 %%ereﬁ’theasrL]lEsltrraTgQ%mBrrises Qt]lgasn@%gsreyasn' attenuating layer
over the quartz base, and a phase shifting layer over the attenuating layer and having a different

composition than the attenuating layer.

35. The method of claim 34 wherein the attenuating layer comprises one or more of Cr, Mo and

Al; and wherein the phase shifting fayer comprises silicen and one or both of oxygen and nitrogen.

36. The method of claim 34 wherein the openings in the first and second feature pattern locations
are extended to an upper surface of the quartz base; and further comprising:

forming a protective mask over the first feature pattern location and first rim location;

while the protective mask is over the first feature pattern location and first rim location,
extending the opening in the second feature pattern location into the substrate, and forming an
opening in the second rim location which extends to am upper surface of the attenuating layer; and

removing the protective mask from over the first feature pattern location and first rim

location.

37. The method of claim 27 further comprising, after removing the exposed segments of the layer
from the first and second rim locations:

forming a protective mask over the first feature pattern location and first
rim location;

while the protective mask is over the first feature pattern location and first rim location,
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46. A nethod of forming a radiation patterning tool, conprising: providing a
substrate; the substrate conprising a mass transparent to a wavel ength of
light, and conprising a |layer opaque to the wavel ength of |ightjovanest he
mass; formng a | ayer of photoresist over the opaque material; a first
portion of the photoresist being over a first defined feature pattern
|ocationamﬂmgdcomdumpnumoﬁuﬁﬁf&hﬁep&@hﬂbeﬁbﬁmwbemn@|muamsamimesiﬁmdeﬁined
rimlocation; %Fjﬁirtlon of the photoresist being over a second defi ned
feature‘”%?&'f’ge}t oc3ifsdcati on, and a fourth portion of the

phot or esi st heingg wefotansemmdrcde&\ieneld fifst FealuaCRttb@ NG cati@@MIifig ritvhe first and
third portlons of the photoresist to expose segments of the layer in the
first alff'SBcond feature pattern | ocations; renoving the exposed segnments of
the layer fromthe first and second feature pattern |ocations; after
renovinggthe exposed segnent s the |ayer fromthe first and second feature
pat t er n3%:1 oc 25 '8H&d of sRiw P hyh ?"F\’@ e IRV QRS ST BEMPTENs of t he
photoresist to expose segnents of the layer fromthe first and second rim

| ocations, renoving the exposed segnents _of the |ayer fromthe first and
second 1 m | Hedbstesveot clajrp %fﬂné?fcﬁ?nﬁ@wﬁaaéﬁemwéw thegmersd serentsRe e )8y from
the firgimaRdirSerORdodd rih lR&@it:ons; form ng a photoresist nmass over the
first feature pattern location and first rimlocation; after formng the
phot or esi st {PHBI8E 2 PIACHIR iRy odepBmErss fmtee pitsrsigpsion aedfish t he second feat ure
pat tern;hqgatdon and second rimlocation; after inplanting the dopant,
renovi ng the photoresist mass; and mhereln the first feature pattern

| ocati on con’ﬁi?ulestbspratemesmaslf saveirte Prat feewn palisnt ogailoadnd Brsi imdacationa fi r st
rotat i Ol pAGHabiGnib iR s\é\@)\‘nglnﬁﬂgcalﬂor?%ml sbGhl IFNLAOS AN GRON passes
through the first feature attern first n? | ocation conprises a first
rim aI ong a isoeyingHiepfotechize mP§k§t0"f et lhiﬁéfsp&@’tue@rmﬁeran@ac@rﬁﬂﬁdmfedi to inpart a
second [ﬁﬁgglon in phase to the wavel ength of Iight when the wavel ength
passes through the first rim the second rotation in phase being from about
170 degrees to about 190 degrees relative to the first rotation in phase;

t he dop se 0 1 o] ture
pat t e s con 1 S 4o A e p e i s B e IRRE a0t o
| i ght pagsrang t hrough the second

41. The method of claim 39 wherein the substrate comprises a quartz mass having a phase
shifting layer thereover, wherein the opening formed in the second feature pattern location extends
through the phase shifting layer and to the quartz mass; and wherein the dopant is implanted into the

quartz mass of the second feature pattern location and into the phase shifting layer of the second rim

location.
42, The method of claim 41 wherein the phase shifting layer comprises molybdenum and silicon.
43, A method of forming a radiation patterning tool, comprising:

providing a substrate; the substrate comprising a mass transparent to a wavelength of light,
and comprising a layer opaque to the wavelength of light over the mass;

forming a layer of photoresist over the opaque material; a first portion of the photoresist being
over a first defined feature pattern location, a second portion of the photoresist being over a first
defined rim location; a third portion of the photoresist being over a second defined feature pattern
location, and a fourth portion of the photoresist being over a second defined rim location;

removing the first and fourth portions of the photoresist to expose segments of the layer in the
first teature pattern location and second rim location;

removing the exposed segments of the layer from the first feature pattern location and second
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feature pattern; the third rotation in phase being fromabout 170 degrees to
about 190 degrees relative to the first rotation in phase; and the doped
second rimlocation is conprised by a second rimalong a portionnof 2dohe
second feature pattern and configured to inpart a fourth rotation in phase
to the wavel ength of light when the wavel ength passes through the second
rim themﬂmmﬁmh rotation in phase being fromabout 170 degrees to about 190
degrees relative to. the thlrg rotatlpp En pha§e” {%; The gethgd of ?Iaint46
wher ei n the bETIPATE ESHBTFE B8 S G BT 2 Hall% HUNA gL "HRESSUSEAT M Thg | ayer
t her eov8isy featne petann toha&mph%&c&hil ffrh loagidnayer conpri ses ol ybdenum and
silicon, and . where h opague to th ri ses chrom um
38, The' ot HEH GTEraE e Rop bR ettt PP GHOBT Phecr GBS Ror oat ur &
pat t er nedpo@atgradmisi o theviayichinnhd et et &rchtionsitid sdebrak featurd pakteahe &ion; t he doped

regi on of the second rlmlo(gfaf]ﬁio i.S Wh |n the 47 U q006 phase shifting
ayer. HEOVITR R SEHreRRi o B iRl Rt %ﬁ&&ﬁfd&e&ﬂ‘b‘f CUWS PR,

i ndi um loadiisening, antinmony or phosphorus. 50. A nethod of formng a

radi ation patterning tool, conprising: providing a substrate which includes
a quartz bas¥er&fjrst phase shifting layer over the quartz base, a second

phase shi ftl ng I at‘%@ﬁo&ti%glclnhﬁtITe'ﬂrﬁtteaﬂh@-%@teﬁlhbdcahbtf‘l chiA@ed 8P4 fiRARLNEG a
di fferent osition than the first se shifti nﬁw{a yer, and an opaque

mat er | apﬂﬂewpl tgyeedde e agHa Sesatiip P'i’f’ﬁ@to theayasielengsh ohlighy “Whert he $evelaetier n

through ztstt@nifrt)trgﬁtheﬁhﬁé‘auﬁbbrfttetnng l'ayer, second phase shifting layer, and
opaque ?ayer into the substrate; the first pattern being a first

feature pattern lﬂlﬁéfSF T'Ws!t?caf'%'h‘totﬂpé'besﬁaﬁrt‘é'P“na"Pi&%\ﬁl negiod o ¥l &yHraprdeBei ng

conf i guiRdohibulAR@ mipaft alskdodll rditRloAtid fHAsd O RAASBIASh 8F AV RhENAL taa\@fength i ght
passi ng through the feature pattern; etching a secon b?,%attern hr ough t he

first pﬁ'@@ét@%lghtherfgst|r@yétreSe@t@é@%wahragt@Sflstm"fgtfr%gahoay degfaes to phpay B | ayer ;

t he sec(@{%gepmat @gﬂgﬂl;keﬁrg[goﬁn&ﬁggngefeature pattern; the second feature
pattern having a peripher bei ng configured to inpart a second rotation

in phase to a V\/avfétéﬁﬁgmdtfe@ifﬂ’elpﬁ@w logatwsicoryprisehs saght feterepatterusaafipacd orn; t he
second fn%%ﬁ%'uﬁ;‘a ?Qtlmﬂ?ﬁasp% Y whic] ﬁ%%‘?Hémﬂ:Zs%mgﬂ%t?gtﬁhé Qe AR Phhurd 94 erndegrees

relative'to t irst rotation In ase; h|r pattern through the
opaque thaghex rotttive i hiaselbqieg frem nbdtuei Wgzlearecs tp gout i?ﬁdeglhres ielatiwg to thei firstbei ng
Zlng)ln?e??paggnt lnﬁarﬂas?fantdhe first feature pattern periphery but not along an

the doped region of the second rim location is comprised by a second rim along a

portion of the second feature pattern and configured to impart a fourth rotation in phase to the
wavelength of light when the wavelength passes through the second rim; the fourth rotation in phase

being from about 170 degrees to about 190 degrees relative to the third rotation in phase.

44. The method of claim 43 wherein the substrate consists essentially of quartz, and wherein the
layer opaque to the wavelength is formed physically against the quartz of the substrate and comprises

chromium.

45, The method of claim 43 wherein the dopant comprises boron, indium, arsenic, antimony or

phosphorus.

46. A method of forming a radiation patterning tool, comprising:

providing a substrate; the substrate comprising a mass transparent to a wavelength of light,
and comprising a layer opaque to the wavelength of light over the mass;

forming a layer of photoresist over the opaque material: a first portion of the photoresist being
over a first defined feature pattern location, a second portion of the photoresist being over a first

defined rim location; a third portion of the photoresist being over a second defined feature pattern
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feature pattern periphery; the first rimbeing configured to inpart a third
rotation in phase to the wavelength of |ight when the wavel ength passes
through the first rim the third rotation in phase being from apautoed70
degrees to about 190 degrees relative to the first rotation in phase; and
etching a fourth pattern through the opaque |ayer and the second phase

shi ft i ngcdiiay,aind a &ckhtportioh bBEthe bliGére i asieg St i tdcogd dediviet simtdratidnourt h pattern

being a second rim, t second r.imbeing along a portion of,the second
Peaturo pat CarA BEPesHE ST BaE Prbbar Bigtafreandr Perh s St Bia T aa ur o
pat t er nfirspatl ispled fearutehattae dancbnsi m bei ng configured to inpart a fourth
rotation in phase to the vel en of _light.when the vel engt h passes
{hrough t he SBADRA BemsehEErTt T Breatobis i HRL s B R RE about 170
degr eesictioadout 190 degrees relative to the second rotation in phase. 51.

The nethod of_ claim5Q wherein the f tiaoan o he first rimand first
foe iy e Casef ehomad eaBisEe Drated s LORTB L Spthe halislon Fesee Pt baque

mat er i alogat@nd, bdnfolvin @ se@nd @hd fod@h PHABIBILE Bl $hotbREiNtGo exPeeS se@melRf drdafer r St
feature_pattern Ifcation, and a second portion of the photoresist being over
a defi 5B il and FRdgEator#itnsr educi ng a t hi ckness of the photoresi st over

the first porhiofng fiRleRbds¥Eseb@ehier HFEaRNGoPARd fi@Mhint QecdBd AmIddaiidR06 form a
st epped phot oresi st mask havin reater thickness over the first rim

. gadg .
| ocation t hatbPF8lViTRe pesed soemanbPehpayy &R Potat dhiccostibdetd iy t he
phot or eglfing b BhARteSliGlisd Bef GEMVE feblle: RAGH AcBRInShd FiF@MMAV&liof;he first feature
pattern |l ocation while | eaving the photoresist over the first rimlocation,

the renoval #frfaiaingiistRbpesssst masprigapingrdopse infq the subssaie (irtbe 582" ddpaturt ocat i on

exposi Neh@-nISAMENndQEcohdBmapaaye | ayer; etching into the first feature
pattern location to renove the exposed segnent of the opaque I|ayer and form

a first openifisgineplanaingl i gopant. eenedyengfthy Rotoresigt mass: 99dt t ern | ocati on: ext endi ng
the first opgpg through the first and second phase shifting layers and
into the substrate; after extending the first opening, renoving the

phot or esi st fr om e &rst fep@refpattem locpiman comatises a firsh fedtureerabein ggniigesdopapae | ayer

from over,. £ i tofar i b (o TS & gh the
e 4 i L T L b T e
51 wherpittamt he formati on of the stepped photoresi st mask conpri ses;

exposing the fir Sﬁ]ﬁgﬂgriﬁl%c%ﬂ& B RN QTinf 16 ANRHRRGT WRird Qe RApAERON.  the

first portion of t
and configured to impart a second rotation in phase to the wavelength of light when the wavelength

passes through the first rim; the second rotation in phase being from about 170 degrees to about 190
degrees relative to the first rotation in phase:

the doped second feature pattern location is comprised by a second feature pattern
configured to impart a third rotation in phase to the wavelength of light passing through the second
feature pattern; the third rotation in phase being from about 170 degrees to about 190 degrees relative
to the first rotation in phase; and

the doped second rim location is comprised by a second rim along a portion of the
second feature pattern and configured to impart a fourth rotation in phase to the wavelength of light
when the wavelength passes through the second rim; the fourth rotation in phase being from about

170 degrees to about 190 degrees relative to the third rotation in phase.
47, The method of ¢laim 46 wherein the substrate comprises a quartz mass having a phase

shifting layer thereover, wherein the phase shifting layer comprises molybdenum and silicon, and

wherein the layer opaque to the wavelength comprises chromium.

48. The method of claim 47 wherein the doped region of the second feature pattern location is

within the quartz substrate, and wherein the doped region of the second rim location is within the
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phot oresi st bei ng exposed to a different dose of the radiation than the
second portion of the photoresist; subjecting the photoresist to a
devel opi ng sol ution, the devel opi ng solution renoving nore of tmeL 2006
photoresist fromthe first portion than fromthe second portion to formthe
stepped photoresist mask. 53. The nethod of claim50 wherein the formation
of the glesohdting layeand second feature pattern conprises: formng a | ayer of
phot oresi st over the opaque material; a first portion of the photoresist
being over a defined second feature pattern |ocation, and a second portion
of the ﬁhotofmsnsmmhﬂmhgné@ahwmnﬂdﬁbpmedmmesaﬂﬂwm1 hmnammonanmsﬂumrng a
thlckneﬁ q t he photoresist over the first portion relative to the second
portionppdﬂopgrn1a st epped phot oresi st mask having a greater thickness over
t he second rimlocation than over the second feature pattern |ocation;
subj ect | t he phqt oresi st ch to [ enove. the photoresist from over

' sectha 1 asellpder Siis! h

the sec ArYefhg! @5?W§H“W%?? e*“I"WAV g t he photoresist over the

?econd r|n1Imﬁaﬂ?@asmkhaemembwahmaia@h&zb@ﬁ@ﬁ?ﬁ@ﬁ&ﬁ&hﬁh@ﬂ%ﬁm&krmBQmﬁ%cond
eature pattern |ocation exposin segnent.. of the ue et chi ng

| nto t hERSacEAl PRAT VBN Y T et s Binednsuend ate JUBEH segnent of

t he opaggositiay@in @adrst piage shiffing BleropeAh BGqEXIEBEL RYerithd Rcdnd@hsecinlef eat ure

pattern | ocation; extending the first opening through the second phase
shiftin§¥d"ayer: after extending the first opening, renoving the photoresist

from over thacis@comer gattoin kids@dhi tfirséifasé sibhag2BQ0 sE@RPYIRGsHifIe: Rpadie | ayer
from over the second rim pattern.to forma second op enlng extending into
the secdRaus ¥ 128¢ HH9 TBﬁS”bé‘iﬁ%ie e [HH ARG PHee § fssieatdidrdaedhlepEHiRigs to form

the secomdnfigahyi bl @RbdiR @REANEN b M PHO st :BtalillBin PHAL kZa SIRRLEALEe and
forn1thgmsgcon&yr?ﬂﬁﬁdgexteﬁﬂgto ?he f|r§# pH;;edéhl??lng I%yer 4. The

net hod bght easgipgiheniehHedegtye pHE™F or mati on of the stepped photoresi st nask
coMpr | S°5: - @ARGS GkIRLA IS A BAGRNS WAEIABS Qnd IR NG Bk Shy O

radi ation, the first portion o hot or esi St belng exposed to a 'di fferent
dose of opahes 'aﬁdutbﬁﬁemdm@qﬁn bﬁ@g%%w&ewppmﬁl gt seqpad f h@ftwe@uhgfmga

subj ect jngndp Qndptl@mg(%@@ﬁl?etd tb AnRArda¥EhE Pdtaﬂ%n %P;BHAE& B4 ,waw&@ﬁe/ﬁl gﬂ%a@sﬁ’n Solution

removi ng nore of otoresist fromthe first pOI’tIOI’]t from the
second thoweh b faabird pﬁttmnt the 5g:pgmbrpmwolp)h1dﬂ1@qeégl|ng{rom about 170 degrees to about 190

degrees relative to the first rotation in phase:

etching a third pattern through the opaque layer; the third pattern being a first rim; the first
rim being along a portion of the first feature pattern periphery but not along an entirety of the first
feature pattern periphery; the first rim being configured to impart a third rotation in phase to the
wavelength of light when the wavelength passes through the first rim; the third rotation in phase being
from about 170 degrees to about 190 degrees relative to the first rotation in phase: and

etching a fourth pattern through the opaque layer and the second phase shifting layer, and to
the first phase shifting layer; the fourth pattern being a second rim; the second rim being along a
portion of the second feature pattern periphery but not along an entirety of the second feature pattern
periphery; the second rim being configured to impart a fourth rotation in phase to the wavelength of
fight when the wavelength passes through the second rim; the fourth rotation in phase being from

about 170 degrees to about 190 degrees relative to the second rotation in phase.

ST The method of claim 50 wherein the formation of the first rim and first feature pattern
COImprises:

forming a layer of photoresist over the opaque material; a first portion of the photoresist being
over a defined first feature pattern location, and a second portion of the photoresist being over a
defined first rim location;

reducing a thickness of the photoresist over the first portion relative to the second portion to

43



mask. 55. The nethod of claim50 wherein the formation of the first feature
pattern and second feature pattern conprises: formng a patterned | ayer of
phot oresi st over the opaque material; a portion of the photorestggLdagi ng
over a defined second feature pattern location, and a defined first feature
| ocation bei ng exposed through an opening in the patterned photoresist;

whi | e t hen patchgd pRstoRhiatns e hsig LOVAIshitliessseaandn&eat Weaiddakdneiver thocat i on,
et chi ng Lngo the first feature pattern |ocation to renove a segnent of the
opaque |'H{EHUSRASHIORUL Y i rst opening extending into the first feature

pattern | ocatubReingexd gHaetrargt foha efch iGicmopent pigbrdrbivagh dvbensasorRauRhase
shifting |ayer;, aftgr extending the first openin?, renovi ng t he phot oresi st
from ovettePHer L yH ‘?"’é%{’cgd'ﬂeephol%éﬁtstsé?‘ﬁr the E8t 'BriocapehiiTgoYehe! (BpBItERESS hy er
from ovgsmbhe usanamehuire pirerCloPabh 8XRsihOf oo of thefophdie dys€cond openi ng
extending into the second feature | ocation; and extending the first opening

through the FEEBnaCSHalE SHIF PRI losdop LaRBIOT D PREISHHRT 8t '8° ORATY e
ext endi pgrbLhi€rsRaPRd o ﬁﬁ'eﬂgn@ih%mtghe tiferehiieshuanthegrmond phase shifting
| ayers and to the substrate. 56. The nethod of claim50 wherein the first

phase shi fti #iFHigéte THitoasing Bovghbe firsgpitd spere Phasapniftippdayeis eeshidtoghase

shi ftingpkipyer. 57. The nethod of claim50 wherein: the first phase shifting
| ayer conprises nol ybdenum and silicon; and the second phase shifting |ayer
conpri ses si #ieeprcrdHa tomirstgepg ety ingilg@ntoass it fom prrjdls firgginy logation2006 58.
The nethpd of claim50 wherein the opaque | ayer conprises chromum 59. The
nmet hod of claim50 wherein the first and second feature patterns are
arranged i n reowginaHd opeayk Ipyerstromvpesr dierirgt e ajterg to i thedasnioh ¢éadinge patterns

al ter ”aﬁﬁm . Fh@ﬁ@?[ﬁr%f %gatango tﬁé &@&1d3{i\§ser59m}g%yephe array: and wherein the

first an eco are along columms of the array. 60. The method of
claimb59 wherein the first and second feature patterns do not alternate with

one angy her p?e' mgodtdg%g@ggggngreafmetf%am Bihe s@gﬁpteJ F\%tﬂ?s’i’ﬁ%q%ko onGhigdsm 59

wherein the tirst an eature patterns ernate wth on anot her
al ong t he codxpnmsg tb¢ fitshadargoay portions of the photoresist to radiation, the first portion of the

photoresist being exposed to a different dose of the radiation than the second portion of the
photoresist,

subjecting the photoresist to a developing solution, the developing solution removing more of
the photoresist from the first portion than from the second portion to form the stepped photoresist

mask.

53. The method of claim 50 wherein the formation of the second rim and second feature pattern
comprises:

forming a layer of photoresist over the opaque material; a first portion of the photoresist being
over 4 defined second feature pattern location, and a second portion of the photoresist being over a
defined second rim location;

reducing a thickness ot the photoresist over the first portion relative to the second portion to
form a stepped photoresist mask having a greater thickness over the second rim location than over the
second feature pattern location;

subjecting the photoresist to an etch to remove the photoresist from over the second feature
pattern location while leaving the photoresist over the second rim location, the removal of the
photoresist from over the second feature pattern location exposing a segment of the opaque layer;

etching into the second feature pattern location to remove the exposed segment of the opaque
layer and form a first opening extending into the second feature pattern location:

extending the first opening through the second phase shifting layer;,

after extending the first opening, removing the photoresist from over the second rim location;

49



62. The nethod of claim59 wherein the first and second feature patterns do
not alternate with one another along the colums of the array, wherein

adj acent feature patterns along the columms are separated from gmezoapnot her
by a distance, and wherein the rins extend an entirety of the distance

bet ween adj acent feature patterns along the colums of the array. 63. The
net hod of cleinovib@itt bpidue tayedhgl 0 &k fhg sécondniingaderptofoh b ka¢omf opening

si de- | obe- sin atterns between adjacent rins along colums of the
array. 64" TE %%Fﬁ§8"%$m&®§fﬂ1%@Ffurther conprising formng a plurality of
si de- | obe- suawnemgnlmgrstpad {cedmisopbEihgvee foradjcaeantl (s padkong ecotdunsgof the

array; individual side-l.obe-suppressin bei ng..bet ween adj acent
rims al Qhg Wi Z[ﬁ‘r‘hgraﬁﬁa”fj APy %?fl‘?“dtr H&!Y ‘%HF@ Odﬁ%‘ln irstphgss. 5Ihgtd' 1 18Yf5pr essi ng
patterns being configured to rotate the wavel ength of |ight by from about
170 degrees to about .190 egéees relative to the rotation |anrted‘to t he
li ght by*t he' 15" BR et WBTHE U5OTRECT Hdns sl PSS BBd-OBlPTessi ng
patterns. 65xpddng; ihefiRohdQcotl porib B4 1 MIQhADLRsidd) AARAbN. kieTEstabRidg of R COl umMms
of the array are separated, from one another by a distance, and wherein the

i ndi vi dRIBIOTSTSHRIESHROSH St BEEPHGOFA ther iigh & Jregepnd e UBKe R an ent | rety
of the gicth@nee between adjacent rinms along the colums of the array. 66.
The nethod of cl aim 64 wherein adjacent rinms along the colums_of the array
are separ at eyPiesingiheoietosssist Rardersjopnegobigh ¢, deaﬁﬂwwﬂ%wh reH iR fdual

si de-| Otlaggmsm%@m@e Rt JoRfdAShA R BE TREhd ﬁoﬁlcﬂ% fRMtRNEL R @dtdidsBE y Of the
di stance between adjacent rins along the colums of the array. 67.

met hod ®fskcl ai m 59 wherein the first and second rinms are not formned along
rows of the array. 51

55. The method of claim 50 wherein the formation of the first feature pattern and second feature
pattern comprises:

forming a patterned layer of photoresist over the opaque material; a portion of the photoresist
being over a defined second feature pattern location, and a defined first feature location being exposed
through an opening in the patterned photoresist;

while the patterned photoresist covers the second feature pattern location, etching into the first
feature pattern location to remove a segment of the opaque layer and form a first opening extending
into the first feature pattern location;

extending the first opening through the second phase shifting layer:

after extending the first opening, removing the photoresist from over the second feature
pattern location;

removing the opaque layer from over the second feature pattern location to form a second
opening extending into the second feature location; and

extending the first opening through the second phase shitting layer and into the substrate
while extending the second opening through the first and second phase shifting layers and to the

substrate.

56. The method of claim 50 wherein the first phase shifting layer attenuates the light more than

the second phase shifting layer.
57. The method of claim 50 wherein:

the first phase shifting layer comprises molybdenum and silicon; and the second phase

shifting layer comprises silicon and one or both of oxygen and nitrogen.
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58. The method of claim 50 wherein the opaque layer comprises chromium.

59. The method of claim 50 wherein the first and secend feature patterns are arranged in rows and
columns; wherein the first and second feature patterns alternate with one another along the rows of the

array; and wherein the first and second rims are along columns of the array.

60. The method of claim 59 wherein the first and second feature patterns do not alternate with one

another along the columns of the array.

61, The method of claim 59 wherein the first and second feature patterns alternate with one

another along the columns of the array.

62. The method of claim 59 wherein the first and second feature patterns do not alternate with one
another along the columns of the array, wherein adjacent feature patterns along the columns are
separated from one another by a distance, and whergin the rims extend an entirety of the distance

between adjacent feature patterns along the columns of the array,

63. The method of claim 59 further comprising forming a plurality of side-lobe-suppressing

patterns between adjacent rims along columns of the array.

64. The method of ¢laim 59 further comprising forming a plurality of side-lobe-suppressing
patterns between adjacent rims along columns of the array: individual side-lobe-suppressing patterns
being between adjacent rims along columns of the array; the individual side-lobe-suppressing patterns
being configured to rotate the wavelengthof light by from about | 70 degrees to about 190 degrees
relative to the rotation imparted to the light by the rims on either side of the individual side-lobe-

suppressing patterns.

65. The method of claim 64 wherein adjacent rims along the cotumns of the array are separated
trom one another by a distance, and wherein the individual side-lobe-suppressing patterns are formed

to extend an entirety of the distance between adjacent rims along the columns of the array.
66. The method of claim 64 wherein adjacent rims along the columns of the array are separated

from one another by a distance, and wherein the individual side-lobe-suppressing patterns are formed

to not extend an entirety of the distance between adjacent rims along the columns of the array.

67. The method of claim 59 wherein the first and second rims are not formed along rows of the

array.
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