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However , r ot onas nore generalty "mask") and "reticle" are

fr equent Lo Wstlel ALY £ RAMRAR bKaddinffRABH b PRIABRAGHSS Iheds iepdsaes ter m can

refer toa r ation patterning tool that enconpasses either a portion or
an enti r%%u@ﬁ td 1908 pattehP003] Radi ation patterning tools contain |ight

restrictive Tegions (for exanple, totally opaque or attenuated/ half-toned
regions) and light transm ssive regions (for exanple, totally transparent
regions) formed in a desired pattern. A grating pattern, for exanple, can

be used =\ ¢lathBenpPORHHE mEAaeBONCONductive [ines on a senm conduct or
wafer. The wafer 1s provided with a |ayer of photosensitive resist

mat eri al fdbﬁﬁfn'#hétsﬁtﬁé 86y 8 cBmmAPEdaRiNRg forRadbRbi Mbghass eiscuitibaugh t he
radi ati on" patterning to%rl ch])}ilto t he l'ayer of Qphot or esi st gand transfers the
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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
wafer. However, the terms “photomask” (or more generally “mask”) and “reticle” are
frequently used interchangeably in modern parlance, so that either term can refer to a
radiation patterning tool that encompasses either a portion or an entirety of a wafer.

[0003] Radiation patierning 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 layer of

photoresist and transfers the mask pattern to the photoresist. The photoresist is then
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remai ni ng patterned photoresi st can then be used as a mask on the wafer
during a subsequent sem conductor fabrication step, such as, for exanple,
i on i npl amoaisioemsder etching relative to materials on the reafeso3peasgi mat e
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level, %mt.t dPilds FHREF- gé&eg?ﬁgdﬁ%bﬁgbf ahlturei disMbae, sheges than are
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can be d asfaon datteinfhOFiElcatlby desired
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I'f a shapgqi S{_‘C_curately printed, it can overlap in regions where it
i s not desi |Ped and ultimately lead to circuit shorts, or other undesired 2
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phot ol i t hog hi ¢ met hods and devices which can be utilized to accurately

print de%hﬁﬁ’(%aﬁ kb%ﬁ)‘aal |CU§H%§YGCQ% 1ok OBENNHNIIE PR oh thadsrbiéd gtul ar

aspects, e Invention 1 hcludes a radiation patterning tool
microns, and even more desired to form circles having diameters on the order of sub-

microns. The circle can have numerous applications in forming semiconductor circuiiry,
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 patterned 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 level, 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 difficult. If a shape is not accurately printed, it can overlap in

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



whi ch can be utilized to formrelatively circular contacts in situations in
which an array of contacts has a different pitch along a row of the array
t han al ongom3metasom of the array. An alternating phase smdwusman2gsve a
wel | -defined contact in the small pitch (dense) direction. RRmshifters
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patterns’inc Irst rotation to the phase,
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100 yPaRah AR S B e e sy e
the fir StX) 1@ Bgﬁ‘éa%ny kdbricated 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 patterning

tool comprising an array of feature patterns arranged in rows and columns. The feature
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t he phase of wavelength of light. The first rins are al ong edges of the
second type of feature patterns. Also, a plurality of second rins are
provi ded wicoisgeedges of the first type of feature patterrCT/U88/05880nd
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Fig. 7 an illustration showing a top view of a fragnent of a radiation
patternl%? 5o (specifically, a reticle) enconpassed by the present

| nvent i on[fogmdal Sorhe?rﬁl%\i\'h&%@ %Fn@c%‘p%ts S bl o:FO%Scierf Blia] GshdrRng act

openi ngs fromthe Fadration pat erning to e system waveél ength
for the §| rrul ation was 248 nanoneters, and the

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 patterning 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.



nunerical aperture was 0.70. [0019] Fig. 8 is a diagrammatic, top view of a
fragment of a radiation patterning tool enconpassed by the present

i nventi onwoRI367Bo0i | | ustrates cross-sectional views 2 andCI/vgesotesar e
utilized in the drawi ngs 9-58 which follow Specifically, each of draw ngs
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[oozz] ePgfrey & ésp&s@gi*%nﬁaﬁ%@f@?%@@@%c?ﬂﬁgﬁiﬁ*e&%%ﬁfﬁ*‘gﬁ{rﬁ @
03/ 067338 #EHH A PoBiprilga pHRAG YRR ngp Fotellndh Eiaiatth, Do)
of Fig. patergag EhgSTTan RN BLuR PhASAET kR0 AR SHEROHATIg © 0™

Fig. 9 fragnents ho processi ng step subsequent to that of Fig. 12.
[ 0025] Fpﬂ%eﬂﬁaliage@rs\g%gm@i c, cross-sectional view of a pair of fragnents

embadi mork0 Bt hod " 519 dptke e AOEkMsh koI BE [y Rl gy Second

enbodi nen sen ntion. t NoS sho

f ragment ?cgq(f gh{; S %%ggi Bg%ﬂiregén(%%ﬁfeﬁﬁ&% i I‘—'%Baé iIIMét%@i:r%P%ﬁ%&@ﬂéli \{i@NsZQ 2 of Fig.

8, and a orresponds “to a view a e line 4-4 of

) iu%s egﬁ e%ggt%gvl/hi%:ljh%rie uﬁﬁz@ﬁ‘fﬁeﬁ%ﬂr@sﬁbﬁéﬁmfeh?&W@p&ﬁﬁcﬁllﬁ%&l&?&ﬁi ng step
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 pair 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.



[0027] Fig. 16 shows the Fig. 14 fragnents at a processing step subsequent
to that of Fig. 15. [0028] Fig. 17 shows the Fig. 14 fragnents at a
processi ngost@p7BUbsequent to that of Fig. 16. [0029] Fi @CTh@0skzess t he
Fig. 14 fragnents at a processing step subsequent to that of Fig. 17.

0030] Fi 9 sh i0. 4 . . i

to that 'lﬁfmtéi o ‘i’g!ﬁg-%8%%F%raénf‘néﬁfa%ﬁ%%@?@éa'&'e&? BB IS Rifery 5 cauen
rocessing step su t ot t | Qe i g.

P ooe0% Puieba SogesE e slasehlBl Bind oBEi, Bt Oro (bt of Fig 20
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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.

[0030] 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 to a view along the line 4-4 of Fig. 8.
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[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 a view of the Fig.
22 fragnewososgiazeam at a processing step subsequent to thaCTofSoBiozess 29.
[0042] Fig. 31 is a view of the Fig. 22 fragnents shown at a processing

step sub nt tg \/\;5 rﬁ?‘i‘ls%fwé:\hg théqs [quga?;}ne'ﬁ't%sho%% S @rogéﬁg&%%@%?t' C,

Cross-secti on Vi e a ret|c str own at a pre

pr ocessi enbodlnent nmet hod of the present invention.
Fig. 32 bgécﬁ'%a?%gﬁ%tfdgﬁé&gf fragments of the substrate, with the |eftnost

of the ” nts Cﬁ%rﬁﬁg%’\ﬁéﬁgf R ﬁé‘%z‘ﬂag\‘\ﬁﬁhsgé]‘t&;g\}r{‘ﬁawrﬂéeﬁn Ggp Of Fig. 8

andarlg t of ragnents corresp e view a the line
4-4 of Fi i 3 is a view of the Fig. 32fragnents shown at a
pr ocessi n%bg‘?%ue[qp ﬁéte(g tZ%fo that of Fig. 32. [0045] Fig. 34 is a view of

Flo. a5 TOB 0%/ oa i Be lkshrB Bt > et} oy B ST bRIT (e

Fig. 32 %ﬁg&@%gtgs[n%@@ A Pprocessing step subsequent to that of Fig.

34. [004 ew of the Fig. 32 fragments shown at a processing

step SUb nt tqzlér?éls%fwg\hgf th%Equ [zng}ag:}rbé:ﬁ'tsgsho%\% ét% ¥é§ %&eé he F' g.

32 fragrre hown rocessin uent to at 0

[ 0049] Fi t he Fl g. 32 fragnents shovvn at a proce55| ng
step subsgrgsg(gjr?ltnﬁd%%{hcgwlggfstl g. 37. [0050] Fig. 39 is a diagrammati c,

Cross- SeCSRRR! Vi My ol @ ol B hET BRI, il e ot 6 ni nary

processin esen I nvention. ustrates
a palr o&hg{&%@s%s with the Ieftm)st fragnent corresponding to the view
of and the rightnost fragment corresponding to the view 4-4 of

Elug.segijegl s {:LgtFlgoz@?%"ﬁ%\g B?th'é'lﬂg. B d AN FurPdt LorBEELRR TP 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
subsequent 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.



[0052] Fig. 41 shows the Fig. 39 fragnents at a processing step subsequent
to that of Fig. 40. [0053] Fig. 42 shows the Fig. 39 fragnents at a
processi ngyosiz@e7Bubsequent to that of Fig. 41. [0054] Fi pCHdoshmes t he
I[:1)855]39 fragnents at a processing step subsequent to that of Fig. 42.

Fi

e e Ak i

pro_ce55| ntz g?g o that of Fig. 44. [0057] Fig. 46 illustrates
a di agra ? se%‘t onal view of a radiation patterning tool

subst rat 3”6&7]61 pr ehg %w ‘5{3’? ﬁ'ls St Qgszsitr &fts ¥ﬁ5wr‘f"€loe§ Pr%rcegsrﬁbogbgf nt gf

fh]? pres nvent ’trat a pair agnents
ef t nost _fragne 3/ 067330 PCT/ US03/ 02288 corresponding to the Vi ew
2-2 of FPYPse Ue’ﬁﬁaﬁﬁm% st fragment corresponding to the view 4-4 of

subsequerBOR) 1 naFicop” B guene heiolon? ey O Sl & o AR 3ROT  Sgnent
at a _proc SSin ?}%ﬁ'{) ogl? ent to that of Fig. 47. [0060] Fig. 49_shovvs
the Fig. %@f a rocessi ng step subsequent to that of Fig. 48.

0061] F 0 sh F fr.
to that 'rﬁfm??li 0. 450 Py e GO fadpRs BraheGERploddadipep o a e
processing ste uhs that of Fig. 50. [0063] Fi 52 sh
radi ati oﬁ%ﬁﬁﬂﬁ%’?ﬁ?ﬂﬁ?ggﬁf JgESt ra?e gt aI gr el i ni Llary ! prlogessi n; g\tNZpaof
et anot odi ren t [
in | ust ra{@é5 pai r%g?oaﬁﬂlgﬁfﬁmﬁ%‘?cﬁcggg\égg% n:agﬂg‘ﬁlo\’é?égv&at\'/ﬂ‘ﬂag% e :Im(;g!t | gf

e L oL SSRARMNaRPorbBe iy 485 oP & ekl i reblift iVeRfor? Figd” F1 0.

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 subsequent to
that of Fig. 41.

[0054] Fig. 43 shows the Fig. 39 fragments at a processing step subsequent 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
patterning 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



ri ghtnost of the fragnments corresponding to a view along the line 4-4 of
Fig. 8. [0064] Fig. 53 shows the Fig. 52 fragnents at a processing step
subsequenwa @/ostizat of Fig. 52. [0065] Fig. 54 shows the Ravudotassgnent s
at a processing step subsequent to that of Fig. 53. [0066] Fig. 55 shows

Lhe F10. .82 LRGN Pedtoifoll S2573 B8 51BRrPREGHER co Bnd By g 9. 54

tagnent's at rocessin p subsequent
to that of 4{:% ng [0068] Fig. 57 shovvs t he Flg 52 fragnents at a
processﬂ‘n g bgequent to that of Fig. 56. 9 WD 03/067330

PCT/ US03/ 8 [0 rnQcessi ng
step sub é nt tog hgtslng\fv %86 '%15% E[Igg'gefﬁ g%"éééi'@&%%‘.‘%ﬁgﬁq@é?. c, top
vi ew of &@Er ma%%e of anot her errbodl ment radl ation patterning tool

enconpas ﬁ@ present invention. [0071] Fig. 60 is a diagrammatic, top

oot SobSAEE I A M ShRR D, A IES AL RP B Ba Aol 00!

top vi ew,of fr%pmant of yet another enbodi nent radiation patternl ng tool
encorrpas ﬁ@' € present invention. [0073] Fig. 62 is a diagrammtic,

encompassiofy t ne P aaano¥S e AfeorfiguoH| AEpotdih ALb SRR TP 1 0

top vi ew,of fr%%mant of yet another enbodi nent radiation patterning tool
encorrpas E§ pr esent i nventi on. DETAI LED DESCRI PTI ON OF THE

encompassBBohow r abiaePoovp AR BRABfSaid feb BUEPh o,

vari ous ﬁtl gFI E%r form ng radiation pattering tool constructions.
Exenpl ar;}%3 847 'St "on patter ning tool constructions enconpassed by the

Posser " MEAIOGHR R AR Balt e e oo™
patterni Wbt OPPIQ 50.
[0063] Fig. 52 shows a radiation patterning tool 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 corresponding 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 fragments 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.



construction 10 conprises an array of feature patterns 12 arranged in
vertical |l y-extendi ng col ums and horizontall y-extending rows. The feature
patterns WO o3aees3di vi ded between a pair of defined types. PeecsoBiozai| y,
sone of the feature patterns 12 are a first type 14 (also referred to

h i kst f : I
ot orred 1995REr ci nfisk S8 ShBE Sy, BDRadholft & SbRgResind B8P bR ot T T
pattern rotat Fﬁ glphase of a wavelength of light to a first orientation as

the waveleng passes through it; and the second type of feature pattern

rotates thpBhace el sbieatRLARGN] 18] kbRt tBnBapSraRthe BB RaRn 2°

t he wavel pass rou Seécon Ientati on can be from about

170 to ait?%éin%‘ﬁoi‘goaﬁr G {obPorl RiASedd 5he 1ot PRLARASSO PCT/ USO3/ 02288

ori ent at n e to Irst orientation, and can be
Foat ur ¢ phb7%ne. 129PopSarErashinel X) ARba bameFol e phoREr 08, he o
s pass oR i R b B BOEe AR Bl B8 Biaht il dfinL oo, g T |
Eﬂelfp “°§ ;f@?bfi o ER S e P el Fob B el heR e e P et

“are st . i be exat:

he 11 r s Rl By ey A EB R Basecd Y e g b BV ARG Cne. anar her
| th : " L . i |

ol ums o0 QAL arr S8-S0 PajecknRli 1 BPELE omonP B ARRAE | D rer .

141 5 1 et R Bine it pg o PR ng el FEbnlehe 0T B

3, | abel i : L : i pheri
nd 20 ar P78t angiiics e A RRERAad fop TER o AR emen Sl BB O Fi g, 1

and 20 ar rment of Fig. 1

t ug| ] : ' ' tt 14
s 11 1o DR oy B E e R ppbai ng i des

24; and periphery 20 of second feature pattern 16 has a first pair of
opposi ng sides 26 and a second pair of opposing sides 28. [0079] A

P bt BB e TS e s ang chsoomangres o des 22 of 11 vt
opposi ng 'fdd;}gf 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 tool 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 horizontally-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 orientation as the wavelength passes through it.

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



26 of second feature patterns 16. First rins 30 inpart a rotation in phase
to the wavel ength of light passing through the rinms which is preferably
from abouwalod®etazo about 1900 fromthe rotation phase causeEd/igo3o22s8st
feature pattern 14, and which nore preferably is about 180 relative to the

or of or aPP I oBy i Py o0t PR Ie GE Y 18 PR SERBLE end R B AT,

preferab? | ative ero on 1'n phase caused by the

LL%ZL of ieﬁ#&g tgﬁ%ﬁﬁ%’fﬂo&eh%g?&P’.“é,ﬁﬁé“ggé%ﬁ@ﬁfﬁé@&ﬁ%{?ﬁéﬁ%ﬁ’@%?‘ BB ot

170 t t 1 Al o i

Fea EZF:B?%@Pﬁ 9?0335;3‘?%'& g'f:a%fe’e#vgéea@f“%g%?&fgﬁﬁ&ﬁéfﬂ%@&ﬁ%ﬁ%@%&%ﬁﬁ%&/ 02266
- i > calse o - er n ,

and eventeigrbaisr & Rsroe S rePnleRaior BT dlad 267 1 otirtk ek L2

5 appar tererseS i tan R aHY SrORkl . HEAeuE) SPblcaforts BiERLAR, gRove. 11

bhase w PP IRRGRERIS o §F BRmbBEb PRt s Rl bftors X nL ¥, D e

rotation in phase caused by second rinms 32 is identical to that caused by
first fedlEdPWe M terns 14° and wherein the rotation in phase caused by

first feBfGPEhhtterns 1 v
0061 | P20t et Rats pisp SFirbBhens B AR pBY PR A RRRRER" g
t [ t hat. fol | ' ' i i n,.: ' '

phase | saReme et el 8l FELBLAAR, By BN FRlARatk b alior 0

addition _to enconpass any orientation corresponding to (n*3600) plus the
st at ed r@foggic\(?@"%roﬁ&ep%rﬁa&'énce between the rotations in phase, where nis

o SR, o PSR G a0 SIS MRS
tt t i i ;

5 ot el s T i s

cxpr oo e LOE GALRFOBARRL 18 B b0dks gk e difanoprin phases

i h h . 08 f ; ) . .
Chapeor BAPleg 8580 s et el A pifle P R FRMEBRR LR L "o

speci fi C%lrel Xcthﬁlyfs%hg}etin%hgﬁeg hl-t’eﬁd?\teﬂl 8 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
about 190° 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



nore circul ar shape than would occur in the absence of rins 30 and 32. In

the shown enbodinent, the feature patterns 14 and 16 have a shorter pitch
bet ween tWwensalem3g rows of the array than al ong col unms dfcTrisesmzasay, and
the rins are provided only in the |longer pitch direction (i.e., only along

the colu N I;% I}Pﬁﬁr oatgt}on ihBrid & %us@ﬁ'bg%ecértbefeétu@ atfdr 1B/ shd &led only

partiall |phe 1eS 0 eature pat erns, rather than

,E) ﬁlenlgl FB'&‘HS{'E t?rab Y pﬂ & aléﬁ Wrﬂe@ﬂ\%{ toetﬁe.ro%la‘ﬁ:cgh ﬁg{ﬁat% g?Jébfd%gftﬁ@éé&%H' on of

i S easi ate rinms within
the rel a {EI vel é t\{\nrde expanses of the 12 WD 03/067330 PCT/US03/02288 | ong
pitch di 8T B Han V\Athl n the narrow expanses of the short pitch

direct i oo 11 e RATRARRLLGEH B0, | IPknHEER RRDR MK GhaRudpom | 0

t he shor ch dllr: Itiona is found that

T A D B

i nprove SR eat ur e pa f'éfns substanti and to

Fo08s] A t%atoz@ter%rtﬁa | B3SO SPRE LG %t@t&ggrr Sufhsihar shapes.
col um at%rogﬁ,gaégteegﬁgsggeygﬁg Ll e off| BAAGEUSEY by ABAehlR

i ndi vi dudfi*@ suc | stance et ween the feature

0084 R f
BZHE: EISH%t{e[na% Z?(St%ll Jr{eﬂﬁr&ets ota:tlog g Bgasae cfa%%gﬁ'g e@ﬁﬁ%r@gg lrjc{e? |a§1£ddm t

descri bi n Q%g%(é?%rbq%gﬁebiﬁ%g"ézw above in describing the tool 10 of

Fig. 1, ccordingly, tool 40 conprises first feature

patterns @6?1&2?3?251 Iﬁlﬁ?‘éﬁ %ﬁsaat gfr é)tugﬁdr%%sn elgterr%rreﬁﬁg Hré@rséﬁsrﬁ@ dng BOE&Ns! B 32.

Al so, an  array having colums and

fows, ﬂwipoﬁr[rpv%t lﬂgtageot %ﬁaﬁr&%ﬁﬁgn rn%t &% rﬁgipagﬁ@tto bealbeRtdaks erns al ong

t he colu ance ool 40 can be the sane
di ff t th t t El Q- ari i

Lypi cal ERETARHEMS 9%%0355. F%rﬁeﬁ A iy Rl endlinBlssiarfrorbntafi |1 that

g;nt ggl a%grreslp%{wﬁrg&hﬁ? ;g& (?’l) ]pljug 104 stbted rethti¥ ¢ Vé]r?ég oﬁ&’erﬁfe Het\)geenzthe thiaicHace "

eature pattern Is ultimately to beforrred

Wth t he e‘hgg%gl rs-glﬂefnte & I%er%%cézrf AR ét?trgng Corﬁecaﬁ'd @/‘Bé kdplrg of the

di stance acent eature patter ns ums of the array, but

th dia
ot her - Bpaciea G ERbseGRAMTTRTE0) [ BRdt YR R RIS S| B one

Suppressi a%r@ai]t FSQ(B P2 u%%er%%ddtﬁaﬁﬁg actual differences in rotation could be 180°, 540°,
900°, etc. Another way of expreseing 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 to fabricate rims within the relatively wide expanses of the
12



provi ded between adjacent rins along the colums of the array. The side

| obe suppressing patterns 40 are a different type of pattern than the side
| obe suppwesssioags3opatterns 42. Specifically, the side | obeeCaupssosss ng
patterns 40 are preferably configured to rotate the wavel ength of |ight

passing &ﬁ%gr hd Pe%{?&rp?q‘.aﬁ Wﬂ]rﬁﬁ@%rr&%@xh&qse@%@%ﬂe shoft rf{ itgh @lrbMfn! Qh& ,he

rotation | rins 30 on either sid patt erns In
contrast, t f| ured
to 13 VO 8@5@%%%%8%%?%?“ Z%égm?déf“at{é&?ﬁ*ﬁ‘%ﬁéﬁgﬁ%ﬁﬁm@# TRE byt r om
about 17QQnf OAﬂ&e}ﬁ’éhtaII%,qpig ch;LF‘Ld%étvlﬁné Rrhbg 3[09{;%8 éﬂ?e Idnﬁ?@ﬁﬁ %ﬁeétioﬂ%n lBlé the

rims 32 on eit e epatterns4 the rins

pref er abl éﬁffw%]m@.nﬁd?svewiﬂ%@@q}{éagpi btie fg%tuiermeﬁ%%»s a%?%gn@%out 1900

relative to the rotation y rins I't shou erstood that

si de | Obecofﬁﬁé’éé’&%ﬂ g Pl 6¥Hér\ﬁ’§e%g£9%ﬁ Juﬁfg%ﬁ% dirBGlaley: a? egngth of 1ight

by about e sane anount as rins be suppressing pattern 40

actual | y [r[&%q%ées t "R thdBBb&REhToOtig, L%‘El}sa gb{t f?QEHet éﬂéﬁné&\ g%Ban as ri s

32. Prefe the rotation cause e suppres pattern 40

Wil be af bg%%féd fﬁj’m SHQSBJ()}K% gf% ﬁ%%“@’ aB&tﬁé?ﬁ&uvi‘aﬁHﬁﬁﬁs Dhehd %’3 30; ang

the rot atl on cause e suppressi ng patterns w | |

about 180 Nt AR e tion caused by rins 32.
[ 0088] A%ﬂ?%t}lﬁ?é%n tet \Aet;eeﬁ\k,té%ﬁe%glf%iguf eegrfjsgpr essing patterns 40 and 42,

relative Z@)&%ﬂe feaﬁg@ﬁ: Esa%éccg{&den]r@odndwénttrQ&‘BtnﬁlagaqtlelrrﬂP tq'%‘l‘@@fsess' ng

patterns d 42 respond to any | nmage t S u timately

printed qrusgre&{bgt%ﬁéa rﬁfmt%’ﬂ%%@étul?z@d fdr'o%@&r:bﬁ%slﬁbrt‘&nl%Bra%li'ﬂbtnlfz%'a 8% in

| nst ead, be suppressing patterns 40 and 42 onl ave a unctlon of

al tering (?é%chﬁﬁrg?nef tBBI”ﬁfjoleYge d]' WRbrPAsHRbpHAL. hAéBéQ&lné}l?QBWﬁﬁﬁcd?r\?%fs@é fist 14 and

16. A pattern i ch generat a separate and di st I mage
g'(lpe si de

feature |
| ahe. Suppr e B o e R O ST B b ™ A e

passi ng ttHé @éd‘cﬁ@refp%%hh%%ré’éiiréﬁéé&ﬁn 1 3 nhGink %ol*&%n@%rn% r6WE CéHd%eFeh@Q the

i mages be I'n the absence of the side | obe suppressing patterns.

Accordi “%é’tanéé “PH_ RN RlKIRl fe8flird BaﬁErhé b%ﬁ%@rﬁ@&ﬁurﬂﬁ%ﬁh%ﬁ‘rﬁ?' rhéed by
tool 40 instead of enbodinments exenplified by tool 10 of Fig . However,

the introguehsOiQk iHd 8o G KPHe SRR G fiHoReht tRH the itgarfte “BAEF the taflds

additional conplexity to fabrication of a radiation patterning
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



tool, and such can cause enbodi nents exenplified by tool 10 to be preferred
under particular conditions. [0090] Referring to Fig. 3, another exenplary
enbodi menwoof3/a7azadi ati on patterni ng t ool enconpassed by RdTRUBOZEBHL
invention is illustrated as a tool In referring to Fig. 3, simlar

number | n%é%égé Wa%@ﬂg rTen Oy%@gn Q@&}{q 7b“toga%%\%]’| §U leatl\réqo]tﬁe Vgpat% 067330

KCT/ U§Q3 ere appropri ate.

pat  or no Higercf iy BY B, 526 lihérsioe ot Hagoglie o “Sai“w ththe e

erbos menigpegbove, ek s & 8l Rage s sl U DyreyBly e
f th A I

Si de FOE%@‘J%&@E? %%“ts%tﬂté f’ortﬂé r#@o%t’paﬁ@%xiﬂt é‘%‘t&‘ﬁéue'ﬁ G A

e Al A S BRSPS O SRR
B S RSB R B,
2 anr ARl B P i Bl e 1,
B I
R o e

number i n%{agg'l Ié%hgggﬁb& 16b° '&ﬁkg&mf@alrelétﬂlettgﬁe %tatu%hg:ﬁu?e]o‘:gy nm%{@ except

appropri Phe e I's simlar to that

orothe  REReNce Ol bl BetuRRA t?é’%ﬂémoguipfﬁ%}gmg[bgﬂér% g%, 3) - [0093]

Al t hough of the enbodi nents o rate appllcatlons in

whi ch Tirgtgang tﬁs‘f%%gte ﬁ%ftéﬂﬁ%%%%t@ @%hgtst@eneeé gu;‘ﬂﬂg @&@w Lndl ong

rows of an arra columrms, 1t IS der st oo that t he

| IVent ! 0BRSS a1 Uy whée@eéoﬂ%ﬂ@ﬂh ewggﬁmedtop & (ipfklsie dpbial types

alternate ong co s i trate t ool

Sy BAIRE R R Bt  Tpb asgpoe
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 embodiments 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, similar numbering is utilized as was used above in describing the
14



Accordingly, tool 70 conprises first and second feature patterns 14 and 16,
respectively; and conprises first and second rins 30 and 32, respectively.
[ 0094] A diosizaaro bet ween adj acent feature patterns al ong ral/usm®2288 an

array of the feature patterns is "D', and in the shown enbodi nent the rims

extend acrosg an, o500 Q301530 LOTLISHS ARafo PR LS hnphasl ftence

Accor di ngTy° &cond rim central

| mvent | ol MERBEIERS {42k ea@%%%“&ﬁsnﬁ SRR R0 pE Rl B AR ene
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uch erbod el funs @'d%e%qqo SRURPISSBRL qosb BRI PRRLL ResRy! dd

bet ween
consi der ed thatﬂrt may be preferred to avoid utrlrzatron of srde | obe
suppr ess wre RatldRfiodi nent s i n whi ch adj acent rims are different types
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advant agB%ttGErﬂ%P&E% eReep it r'HeSaalmqg‘??l%'%rﬁ%Ofe{%gﬁﬁ%igg%%@ SVt he érleselrjrrS trate
:ln?/ﬁgtrrgg%re\lg %V%?é @Pt?%ﬁé@ﬁ%fﬁ?lﬁ%ﬁaﬂr é?'ﬁ Betm&%ﬁ g%morlrnr%ra !05 ng f| rst and

d feat tt 4 d
above i n° er‘g‘r?e?%ﬁ%@e LBeipan rP ey gh e 5‘9“%6?‘2%“2 e 2 of “The

| mages 15 h@?g By ey ipa g @%?‘@%%R&@%BHFelgtg%%’"gﬁ%{?'ﬁde’?"ﬁts&%ﬁ% S aph 82
13 et} |

noted t ﬁinatfr‘efrreru'%f%u PP HETE G 20ie i P S Ron G tRdedto eeregf T

cont rast "[Sﬁ dg nat {ei)lgﬁr? @%ﬁﬁ'ﬁﬁnﬁ &Eﬁke@%”%%me?nrﬂd%ehp%s angf Fig. 4,

t oget her’t‘?)ﬂI St mul es expected at spati al

coh_ere_nce EJ ?gfﬁreﬁgaty ?89{9?&1 The graph of Fig. 7 shows that a

radi at i off° pr esent invention can forminmages that

ool s of CREZHTT or ApRer pfSTRBRe o gD o ARG poRrAGIR) btfeafipy o 10

t ool s of ogr aphy sks typically
conpri se, 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.

[0094] 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
15



both relatively dense patterns, and relatively | ess dense (or isolated)
patterns. Isolated patterns can be printed with a [ow sigma (0.35), even
utilizi ngwarasme7ant net hods, but dense patterns present mpaabisea®2d88r pri or
art net hodol ogi es. 16 WD 03/067330 PCT/ US03/ 02288 [0097] Nurrer ous net hods

S?gsgﬁt ue%rhllleg[)zz'fe)fj 8|ﬁ%nf Ok é%gbl%r{ aqﬁét r% ﬁb ggutggcge ondaﬁr(ﬁ ﬁt Py the

exe are escr| ref erence

to Figs. egfraﬁgg%{obﬁo& g}[s?agﬁgslsusl? sgg bﬁlﬂ(ﬁaegﬁfolaogﬁe Jeb, thst tHé‘ﬁT\/éhtl&rP establ i sh

a frame® tive an exe di’ation patterning tool of

%Eg%ggﬁ%ﬂtﬁﬁgﬁ e aEifGgs Whels '“g ‘mgﬂd’ “{"'S?‘;%%ﬁ“éy Sk O%dz:;sizg
;atSt e;l'(r)]gcf" #0¢° onglf”] '%%%a%ilégfl %Jt}?ye géﬁé A aeigp'geéon E“fseeatur eg ;I'he
1;: :nsstar e‘?fgﬁpoﬁ'rgbjgg‘i &?éﬂ?? %tg%n |][s ea%@?gfﬁlgﬁ@éigs e?_j&é)%gl}é e seggﬂg
Fear ;Jri8??§‘;?e‘?é'|;ﬂ?€yé%e muio8q PRERRH AERL ToP ShS EORmE pL T Holhey B o0

first fo tSLﬁ,OéISISSEetd E%t '%539 ﬁ?ére?%lré&% gfiﬁ&{fl atlom?gldbl?@oé %Pes@@r%ﬁﬁs through

second rl rotate the |ight

fé{ﬁiﬁiwwﬁ' ke iy deaftithe A @ﬁﬁiﬁﬂyﬁ%ﬁﬁﬁ%%@é T80 el at ve
patter nscté@é][ 0098 'gﬁegg géslglﬁ)% %{e ?g%ﬁg%é ré&é}@ef@ﬁggﬂ&n@gﬁ%&ruﬁgbg ef eature
Egi} aregmgqﬁq 38, ?oao%agi%o §lad éac{oﬁa&rgéﬁ U5y BfortRl iVGRESALEROBPIEBHAAD, 4 4 [ ©
The Vi eve ik It ctnafticlibid o fad 805 Qléﬁélég:fdvmﬁdeﬁﬁbafhamb&%% that each

rag ntso ation patterning tool, with

| ef fr
cor r es portliza T e HaRg M PRSR S BRSF 8 °F 6o” 8758 correapond ton -
vari ous | (BbREeSS! Rl £R3 WL EDLCUNBRALL breth SOpmbRET\ Ay Tad at | on

patternlr[ accordingly e understoo nost of the

S EBEFRREE ] B Gy et BRsse, e, pie, | o
L1 0 By PGP, %y 3 oeap ot s 10 g

patterns 14 and 16 (utilizing the numbering that was used above in describing Figs. 1-

5), but lacking rims along peripheries of the feature paiterns. 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 ?ssumed 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 tool 60 of Fig. 4, together 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. It is noted that lithography masks typically comprise

both relatively dense patterns, and relatively less dense (or isolated) patterns. Isolated

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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illustrated at a prelimnary stage. Mre specifically, a pair of fragnents
102 and 104 of 17 WD 03/067330 PCT/ US03/ 02288 construction 100 are

i |l ustratedowetdzot he fragments corresponding to the crosec#losozess al ong
lines 2-2 and 4-4 referred to above in describing Fig. 8 [0100] Fragnents

desi red viteRTEnGE h TS el ) BO oS tehialiioh PEASRAGTR L° e
ul travi ol g[: r\ofg%{%earb‘%ttg%[a%@?ﬁt m@‘ﬁoﬁcég@era%h{gggg%\ﬂ%&%é Be@c{rrbhbl Wi Wil

be a wav sur't pat t er ni ng I st can vary

dependi n f%Fénth‘?o F@%r@gg' tﬁrrBPtoQJrscﬁ@&n@Egé%r@ﬁioEE it .IXB!eﬁﬂ] é@éb%lfr‘ gt hs

surtable Oor processi hg photoresi st nown I n e art.

T AL A S, T
oSl g RS B S,
strontiumpf|l 1pergg§m&r’reo @@e@c”ﬁ@o{ fh@%an{eﬁé%ﬂé Pf{ﬁaak,vaﬂsl_% 4%, over base

110, and pre 'S opaque re wave ength of light.
t t. |

the el ai eESphAfe r%ﬁ‘i"% rﬁ%ﬁ%‘ ﬁgé‘bi;% S S L o R B Ot Ser ”and

b 110 ' h

ot at i ve P ae8ihd aihe ludfe 35 %fiﬁéﬂﬁ% BERbg SIS o ohd EBHETAT o o

Light. TtrgeSedy @59%%&%8 frrjg ave %tg}}ﬁé 14 R5Re sbedr gl 1 cal ly

st at ed, opaque nee transmttance relative to the

desi r ed i %léﬁﬂgtt Qeco!n?g%% }lrtefd;c\g&gﬂsts@a%@@ ecgruseeﬁré Lareh% Yo arqﬁt ed,

base 110 hot have nce o Ired wavel engt

bl ok ﬁ'rﬁrﬁﬁ%@@é%ﬁof HlelBPRleot IGAAGY Sc 18, BEf IR IIGRE atcgley ™ 21
therethr%@a,m &@%%&ém h:l‘rrlsQfééQuWE ga&s@a LF%%?Fe‘fer%El?eﬁdoﬁ& kithsQfo,  OF

consi sts and a gr eat n 90% transmttance of the

desired waugl ﬁ@%pgt @Iaddugar reratmr&f{% (8148 8n cé&%%g p%seﬁ%r.gm%uamrs@r esi st

mask 114 I's prov over reglons and 104 tter mask~ 114 has

thick regigns aé%r@w drldi doch R Ig%tajté'ﬁre nli,hﬁbys'&mrrgéd Y t.vg?osrﬁbrreta{.ayer 114

can conprise €l positive or ‘negative photoresist. The patterned
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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18 WO 03/067330 PCT/ US03/02288 mask 114 has an opening 120 extending

t heret hrough and associated with fragnent 102, and al so has openi ngs 122
and 124 ewtensdiemszot her et hr ough and associated with fragmear/usmd/02488103]
The formation of the shown photoresi st nmask configuration can be

acconpl i %8$&r M’(ﬁ’d %lrllt}%lﬂ% A Mtﬁ% ﬁé’éﬂr&ht?@%&&l irwaiﬂgttfﬁ"@rﬂrgéées?ech&wém' ch a

phot or esi erla provr over-an en ayer 112, and then

exposed Lo %@3@555 %fd‘{ﬁq%fg];r%abr ?&We |h8@§ rnlghe§ Ephotoresr st exposed to the

radi ati off eren processing conditions than

do-por ti o g ch %?%)rﬂ&hs‘??@%ﬁﬁqoﬁ%a%gﬁJé‘%?&‘l Flunich® pighsdgpce. porti ons

of the ph si st exposed era I on can have a

sol ubi I i gréng,g%raqﬁgqu%@ﬁea mgv?rgﬁgetﬂ%r I‘;@ergr@crr@hc#ar 8Pt a %9&@ hrrﬁhghe

;2%‘6’128 ' RS l'tgr;SI ; W TS L YT QPG eé?prorcjsrg;si ng}ﬁcon tllzgrrs

:{Aﬂgi :)ihg'?ol ITEV' ?t&%tvig @txpr%ﬁ%l Ta%seo;gs evérheg\é&i@rt ér;ggﬂre p%’n oresi st during
E:rgt (r)nre ﬁfl“%’i@ﬁﬁthas@ %@e%& ? po@?%nfg%fg)% {jhan %;?'LV 8?%%&1%%8) [0104]
[ ocat | on°T95~08) ?wé%ﬁhﬁt’oﬁ%%% i Beln BB hs SR otk B0 PR . O

132 can b, ,ARsLARke, 3 fﬁteeﬁfan barBf %*?nét@ﬁarﬁgg%%graggﬁoon& gl

phot or esi®Y ern catr on 130 "can

mask 1149 ‘ﬁrﬁ%ﬁ? é“gvag'?é}h%&&ﬁ%s% PRk B e I T OB P et
therein, c%E En' Me, f&'e?( g)'ﬂzf o?rg%rﬂ?cfrligF& Cah@zﬁ&ﬂﬁn fﬁx'&ﬁ%é %aatrHFnehuBﬁ&é ‘%{nﬁ

| ocati on re pat ocatl on e consi ere as nateria

beneat h 1Ay LHLARRERIALAL b3 b8 of Sk fIbHAS Ao Afin ndciRieC 8 Pe

consi der € eath openi ngs purposes of the
di scussi %r&npprafhopré?él ows, feature pattern Iocatl on 130 can be referred to as
a first ure pattern | ocati on, andfeature pattern | ocation 134 can be

referred fd’ro"i‘ a S%Hﬂg fsWver Q?é fd %nb?) 8@/ is %Q@Je feldfld REALT ons 132

can be re err to as rirm ocatld r|m tions 136 can be

referred oteglrgéwg\%f@r{b‘?h H Ithlt.oéﬁEblﬁ)@ﬁrasQ'%é/\Q pQ@élQQKﬁa?g%rrP COLLSPR 4288

shown embodiment. In the claims that follow, mask 112 can be referred to as an
opaque 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. Itis
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



[0106] Referring to Fig. 10, openings 120, 122 and 124 are extended through
opaque material 112 and into base 110. In enbodinents in which opaque

mat eri al WiR03/0ewspri ses chrom um a suitable etch through rdTreUSHp/azpse
material conprises a chlorine- based plasma etch; and in enbodinents in

whi ch bagg, k14 @%rnio%%ﬁinﬁqéf)t()e%e?n]@lin SHe AP Gl bdsBLigteNRiHiRR frdreNPr | ses a

fluori ne-based plasma etc eferring to Fig. 11, photoresist 114 is

exposed tgocondhith AAS o%@ﬂir‘é&cﬁ]ﬂ dhd fﬂ%mr%maiéﬁrouwgnwéééo%&eﬁ Wit enove

some of the photoresist. exposure renoves the already thin portions
118 (Fi g-fra@men‘(‘%i.e | eaving the portion 116 (now thinned after exposure to
the processing conditions) renmaining over opaque material 112. The renoval

of porti Op)gloﬁ]l8 eX PARSSmERBHRR e Sbdn hoﬂﬂé&é@é@@ﬁnh@mﬁé@céﬂ l%é'” n first

rimlocatrons 132, and exposes a segnent 142 opaque materital 112 within

second f %E%@Iiéﬁ@& tbg lrt)ﬂaé%aq’ E%tbﬂgoé{%ﬁ?ig %‘al’itétﬂHg%&Wh@e%hﬁ RRichY pHotdreYLng the

phot or esi st an in , for ex exposure of the photoresist to

sol vent , andhang &?Qfg@@ ofér 4 A tiﬁelgigg? %S(?'Sio T?Zt andl M%xprg@éoeﬁogaﬁgrﬁeg Fig. 12,

exposed segnents and 1 opaque teri 112 are renoved

with an %&igmii]&ﬁ | B&HibNE S pRBRBLRE BRIREH # tht]e]r%di%fiéﬂé\)éea &iﬁer@ﬁﬁﬁabi%‘t gr . 'ZA‘

sui tabl e etch selected for a chromummateria elative to a

Lo Fig,  131hel BiorB P ahyyPr AR A FoaNi, B T Shbdkec § Wl e i on
104, Condtt TSR, BT R RRlS B PAPS PR R TR AR el on. 10
are not SUEROER Y e fRR g porihic ATkt LR IR R 0% houl d be

suf fi ci eryhbyofrgﬁqlag%?&ﬁd%w td A8 w@ée%gina:con&fiorbﬁ%%r%ge §é’sirfe9%ﬁrtf%>n§,e§ﬂd ed

wavel ength o passi ng through™ ocation 130 has a phase which is

shifted Qﬁugfoﬁﬂ‘oﬁeﬁi\’\%}s 170 169 aﬂgggh. h%@%oﬁaly?ggnéteeipes&reedoaemr@a the light

passi ng through rimTlocations I'S no hat construction 146

conpri sesac?osé%gpﬁcgg.fet%%&e &]grﬁ]gﬁﬁé bR6BIiRbgla ﬁietaaﬁ@mﬂr%g%amg ‘Egnioﬁs gtiha same

el evational |eve Irst rins at ocati on conpri ses second

rims 136 uhiabbh AiRictbsid AR 1BIcRIADLABAS 116)aREA er gGidR 336067330

PCT/ US03/ 02288 " w thin base 110 as the first feature pattern at | ocation

130 of cofloryict i ONFrddiient 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 considered 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 pattern location 134
can be considered as material beneath the thinned photoresist 118, and rim locations
136 can be considered as material 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

pattern location. Also, rim locations 132 can be referred to as first rim locations, and rim

locations 136 can be referred to as second rim locations.
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Accordingly, when a desired wavel ength of |ight passes through
constructions 144 and 146, the phase of |ight passing through the first
feature pata@roa7izocati on 130 will be the sanme as the phasepes®simgst hr ough
the second rimlocations 136, and will be shifted in phase from about 170

0, B0UC R €12 Rl 5L 0 DRt Sl o7 17

and seco ature pa n -l articular enbodi

962 " gbaRRhibic 13 ARMFOUAIE 1167 1 & 500 BT Ahef R Aty £2£01 O

130 and 2 vet 0 the regions I's ei about 1

i e

€ constructions are

| gnt i PresputEbita BiehC Shit PSR AR 8o T05oRBlRg G 81720 15

l i ght wi rough baseé ut surface 152.

Accor di n%@@?'eg%ﬁﬁfnéﬁ tei Lol C\%Rﬁg]riggga Mgfin‘@-@gg&?bﬁ%ﬁ@pﬁ% be inverted relative

to the s ation n i ncor pora otol i t hographic

equi pmant[toﬁp uys 1 e{e(;l?{x?&to P62 1 jpﬁglareés?s%"flﬁ'% e}%gsgén HJ éoglla[tioﬁé Fnh e

Cur face 152 i the yarlous Locati ons 130 132 136 a0 da6o 1|1 st rate.

Egili]ha'rllhe iﬁj:}%ﬁ?%%f%ﬁ@h%ig |(r;I t%genfcl ght?e %E PE ﬁas%esn;hzf);ér base 110.

St it oM bbb b R N

E:gﬁ Zfagg n?%d?%ceéﬁé[g%sé'cor?g ggécf)curé ép%r%cﬁlterrsi. &?F]e c%nstrydgtal f)ns I%4 and 146

Const r uct i BndFb TR b firkons EEL RGN e ) of rhBpi kiRerg) £ WGPt e
nder st o Pag SRR o Bk BrBRRta beih b a2 el e ABARIT ot

the proc %85‘;'}%%8%5%&?95% i%‘caﬂr% 130 ﬁﬁ%bé%&mﬂﬁ[m?ﬁ% P&ﬂo&iﬁ%’%hfe%rhmo’?&iﬁ

radi ati on~"pattérnin Fn acco ce wt prese invention is

descri begam&cmdreeifofremﬁe% %(é)l(:)isgl%' of \Jlrﬁ]él' %r?]mor-ggi@t t%%%)h@ﬂt Ahafot 9shing dtn€l can be

particul arf'y "usefu rimns are to be tornmed are narrow, and
21 WO 03/ Rg%ﬁ%%tPCT/ US03/02288 difficult to etch with the processing
descri bed Th the embodi ment of Fi gs. 9-13. In describing the enbodi nent of

Figs. 14- ﬁ)]IOSj dent iﬁé@érriﬂb’@ﬁbi 'ﬂ@, é-xﬁoéé%%gﬁ%n\’@ﬁ4d'§‘rﬁ)d142 (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 paﬁern 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
20



above in describing the enbodi rent of Figs. 9-13, where appropriate. [0113]
Referring initially to Fig. 14, a construction 200 is illustrated

conpri si ngo wwe7Boagnent s 102 and 104. Each of fragnents IKA/E8vd/0184
conpri ses base 110, opaque material 112 and photoresist 114. Further, the
]PhOt Or S ahintikd o GIHRE 1S frs ea{ﬁéggﬁé}ﬂ Qtlo]nlﬁ.’-oa&%oﬁsﬁ&&lan Reytion 118. A
irst feature pattern Toca th

|ned wth respect to fragnent

d f
vatt e 1iseGingh. Py Aok RdE wavde @%{‘ﬁr"ﬂﬁdp Begeadhiata ?%’ﬁ*’rfgﬂ"“s A e with
i acent qf‘égﬁhﬂrﬁgg%ﬁt'&gi’?%a Sﬁ'@‘*@%@%ﬁ%ﬁ@ﬁ@@%ﬁ%@ I ) has
di fferen&g& &ligk bp{f té)asgfngt Wtﬁé‘%&oﬁ&‘ﬁﬁﬁ a%oné‘i's@%’&'vﬂﬂb@@ﬁuft@&‘&?“d' ng
ea% rePpatt oc on

to secon ern and ere are no openi ngs

B S o A e
P L AP T B
e [‘ﬁ%t#%ﬂ?ﬂ@ﬁéﬁ&é%&g'fﬁ@; A MR
over | AYer uhd Bigicl 16 b MR i i bbb @0t 1 sqyARsR-segrent s 140 of
GRS i pofRo R s

opaque mat Wt hi i 1St FITM P0cat i ors al so exposes

seqrent s RRdoP! OPRUELIRLEL 3 2Ad24cthiBhe: SRSy SRR ADGES,

[0117] Re ng to exposed segnents

opaque ”%hﬁ% 15; r@ ?c\r?g)é vﬂ{%\fﬁgfoéﬁ&%ns@gﬁ& at%? érF bg phbfbiit ppatpﬂfces' st

114 (Fi erring to Fi a protective mask

210 15 1 B 2Sbudd bAbndERbUE fontal h&éé‘frérﬂ%é‘ﬁé&“ 1903 806h bdsstaor | m

| ocati ons IS 'SRown t 0 exten over: peri pher al

portions 58'5'2‘@39” ej1%§ é\:@@}ﬁ r\%?;pc&?éi'ru% r43%ndf 6 Vit BRafy bé ¥k P3/ 067330

PCT{USO?/ otore I'S not hat the processing of Fig. 18 is
opti ona
ot o1l 16 50088 b U 8 i A

extensi Orheﬁlfs 1885 X6 2184 OMR 16@%(9 R7d 8fidn® ar%polh'o%%nterﬁ’ﬁ@%ﬂoﬁgh 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 described with reference to Figs. 14-21. The method of Figs.

14-21 can be particularly useful when the rims which are to be formed are narrow, and
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shown to indicate that the shown processing can tolerate a remant of mask
210 being over region 104 during subsequent process steps. Alignnent of
maski ng matoessioab33®10 is non-critical in the sense that trTe®kozses not
have to be tightly aligned to the rim |location or feature pattern

location lfflcpgg %t?ﬁ?ﬁp%é Proc %Or@dés%ﬁla%a)fﬁtthé BirbBhinTnT B Mgs oy diy cover such

| ocati on err openings wthin reglon 104 are

Fézg? :jgﬁd%ms‘filglnﬁmae %%Q%lh{&'\?oilﬁise 111]?1 lo%Hﬁ giﬁ&%@ﬁﬁ %%88%\ f\adtudeg pattern

ase d al'sd ex Seco rrm ocatl ons 136 into

e o et R s RN b B Rt of R, RUOLARIL UBpBRK210, (FL 0. 20) 19

;;arr})\éggt? :;]3 a nal m%onSt r;c n%%on’prl SI; fp;rgfr{lrSte%fafature F?tG'; ﬁrgt

gggﬁ iegn @% eandhggieéwﬁmdrl n@; 3 §oca |0H§t%8n I(-)’ er ang, H& Irght of a
| ocat i onw‘aﬁif Efq]tt H%%ﬁda?(?ot% C?'gcﬁl?raﬁh{eﬁgss{adzr%d%@% %%?Pr%ﬁgg%% e{s(f)gagget oado
e b o Bk BRSO 29 5iRen, W ALY Pl e aPl or

[t ons ve a rotation 1n phase of

second 1 Lt ﬁhffee i lnin OTEN 798 Rw“ﬁé*ggaélé"ﬁﬁ%{“ | BhaRpfenieteid 209 | o
const fﬁgwﬂaﬁﬁ%&&fs oo 202 e akeeaih Rhayfisdin ofiar o et F”‘?f%@e 0-21 are
relati Ve}‘%}t g}r%ktlgt‘%tllgcatlohq bhatehgy fe%ttlﬁ'%g) rf’uh? tion '1§E s%e?MQ@Wtﬁt e

(typi cal eneat an opaque ma ypically a nmateri al
conprising chro I IN npl ex
et hodol 6%Fre6§°e Rt B bR o eaiBRLT N8 are SHIFRRAREMILRLES

mul tiple tger (tanm34An exanpl e of such method is described with reference
to Figs. Pglera1° referring to Figs. 22-31, simlar nunbering is used as
was used S 3/ 067330
per Usoss 356 ' [ %S%q‘*ﬁ%ﬁf@?rof 1 R e e s o ses
fragnment _10 igHhal a base 110
whi ch caf"'¢ %’ﬁﬁﬂg 2 e%{(’)eﬁg % (Sa%%iidtfg%[ﬁi 9 é?h I(%)){rggtconsf”stg ﬁ%gﬁ‘%’éaﬂreﬁgb

Cot o el M P B v o o
however, identical to the fragment 102 of Elg. 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. 16, 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.

[0117] 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,
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are provided |layers 302 and 304. Layer 302 can be an attenuating and/or
phase shifting material, with an exenplary material conprising nolybdenum
and silicooo3dzdso as, for exanple, nolybdenumsilicide. @drewsosxzaspl ary
materials include titanium nitride, tantalumnitride, tantalum oxi de,

t ant al um gidkdrediste It i nbe@Ithatthé bldceSdinsf K§. 1888 SptiGriti CHdURRT Joniirsdg s Layer
304 can conprise a phase shifting layer, Such as, for exanple, silicon

di oxi de o prERFdstst 1RAYFIR! J%aﬂbér)ﬁaih%%ell S StratiRMR d PRy ¥ rmiide st 1 ed
(wor ki ng) wavel ength than does | ayer 302. In particulalf enbodi nents,

at t enuat i gigiebMeahasidDR. CHi SABRIdSE MRk 280 JVBF Rgiin fi4 i5 ©Bflonaf Hnam um
nol ybdenum and al umi num and phase shifting | ayer 304 can conpri se one or

nore of  sdholf e indR4YIBRL MRGHBIvh HRSRBsing Ban RidrhieCa! lhnHp B ﬁwﬁﬁ@éﬁﬁ@ein&n? or
both of the phase shifting |ayers can conprise calcium fluoride, barium

fl uori de, oveRaRRN 108 duringsulSeq RREPBEEd S, SAUGHRIANS! RS rﬁsﬂég%mp niQr

nore of cal ciumfluoride, strontiumfluoride and barium f[Tuori

par ti cul afonasines tis tef senk that EERb&ICHbes! RY Bave 3% ﬁﬂfay %ﬁg‘n&ﬁa tRerimonsi der ed
I shi ng

a first phase shifting |ayer and a second phase t ayer,

respect i Ugtaftion bPfcdflre %ﬁ@%gﬁkﬁéﬂoﬁé‘ asioRiatRl Wit Rgitsier a2t BEY raffk ﬁl‘hﬁpﬂl Shduly

addition to those shown, can, for exanpl &, 1nclude thi
anti - ref | Qebi Qinligisapss.at one or nore of the interfaces between |ayers 110
and 302, 302 and 304, or 304 and 112. [0125] A first feature pattern

| ocation j@@ojs defmdredingitd hifgg 20 ESHeRmgd Winind8EiRa04 afk bRehdddlith AN

| ocations 132; and a second ature pattern |location 134 is defined within

regi on 104cH Reddrar 100 duch @&k@inds kbdBndasaticOnttetsPealidhl ¥ infdahd shsed

photoresi st 310 is formed over regions 102 and 104. Patterned photoresi st

310 has Zandidides@sidstdecekdpmISsatioNs ] 3¢ PE @8 bk, and specifically
conprises a thinnest portion 312 over first feature pattern |ocation 130,

an internpsiioaj e t IRgFkMRG %o F@gb@,rpr&ééﬁvéVrﬁéskfimsstgi%izm IsQERLVAN® [dR% a and a
t hi ckest portion 316 exterior of 24 WD 03/06733 CT/ US03/ 02288 the rim

| ocat i onginanebnkirtictionfc@mprbifg RAfirbibatutedsetiohPA: loddbht1isoNgk! yms BhBtfioasi st 310
has two different thicknesses over region 104, and specifically conprises

the | ar gesp, 4 Bbsdragssture3d &t hEbt&ionAB4 SAFPSEhE Ay R IRakL 18, ocat i on 134
and second rimlocations 136, and conprises an internedi ate thickness 318

over secqiefefddl, icight ong ddsifed waRIdngtBsdBefigah®ubhifd ARSS 33 WRdisecifat er
than the intermedi ate thickness 314 over first rim ~
feature location 134 will have a rotationin 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 material
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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| ocations 132. An opening 320 extends through photoresist 310 to expose a
segnent of opaque layer 112 within second feature pattern |ocation 134.
The patteweess/oeesist 310 can be forned by, for exanple, eqIOsSBY2288
photoresist material to four different doses of radiation prior to

phot 0 f our _ o
[0127] " RITATi ng caUEngS 93 b A iRyl Sh EprPHes AR B R ok
condi i one w6l ERNRG PG 1 5 HckiBade A GRGPAS, LiRbiee PaL Lern

| ocation ing condition for renoving a

chl or | nebBaRL AR HRNER H Dot Sl Goniucllne 76 AR LOPMEo BhBHIRE S L ended

o b Bl 2 G ebhimateéiroiRd B0 allo 31 BURjdeNdalef 35 2R Bolb o @

sui t abl o ary is a uori ne-based plasma. T

selectivit f .t I I '

2d] ust ;éérs_ﬁirgwﬁﬁg@r? %@%@p@%@ﬁt B iR teh be Branlalimdiise 0 per, a
pressure_ w.t hin r.eac L;

The phot 971 5 gibtey ) WS Sl B Mo RBRG cRELeREon Supn 1072
conprise_a.s i ' i i Si i
tep. e OB PP Te By o) bRy FR Rk nieaS SRR, 03 2 N

the redl o BoinaRiidd, & }%géng%ﬁfeo%ﬁ’al%tsnEio%h%Fco%h@}?sinJJ?FoMfaﬂﬁeSi st of

| 1
const ruct a solvent (or subjected to other

;)Iolr?;sg;]a?)fé%ng%’gfi‘;?’ﬁc{q o_r(?:g?b’ a_%’t o sét;cﬁ @egmstrrlt 6{l%lts(? ir%trmvcise?(% tﬁéf%?(pOSéV\?)
03 82253@"%&2‘5’2};&%@%@% | f@?%?ﬂyaf??a@ &l .‘4?3‘“’?%‘ Eﬁg’%%gﬁg?ruk?@%&rsoo is
and 302, 0o B8 nE biriorp ¥ SR BhiotulinBbAGIUNt End pariingard) 2 S04

pattern | @%%ﬁsbﬂﬁrﬁég?%ﬁf%%oﬂﬂﬁ%%i?ﬂle o?ﬂl%r%mnlic%n?&)@@ﬁiaﬂa n%geﬁpﬁﬂi ng over

second fB ocatio through material""302. [0131] Referring

to Fi g Z%F}iSLgIgQ%prAig&toingnor?éogr ot bt i phadd BflAL ISerdelmnrResadiv?

sui t abl eP 0 renove photoresi st por 314 (Fi'g. 26) from over

; L?D{/gfa u:;c%’r[l%ebéér)ﬁ%% hioyREPRRENEsiAITB e, AhaRP 2GS ITRIORE kBnpAdikg oAder af ter
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
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segnent of opaque material 112. Accordingly, portions of |ayer 304 are
exposed within first rimlocations 132. [0132] Referring to Fig. 28, wafer
construct wann3de®3ns illustrated after being exposed to arparedv3mtosgh is
relatively non-selective for material of base 110 and |l ayers 302 and 304.

pocor i nahe ' EuBhe Bndiy Bk RO HRferh EAHGR. ABMRdnal) bricfbrésibedt ol

LRl G el L SRy
logf:;teirgnl gca%| O}’l%&. (ﬁ]e %gﬁ&éﬁ id? n?th 'S _n“gl ?aﬁeousr'yl g@‘%ﬁﬁ [ ns%i rst rim
pat tor n RAEatienR! diecb B lesifte AR dhatbRa S eRB 3 heR RRRARCI RSN, ¢
Fetuces SoTRTERATEterrRRE Biped ielpler sRRRERT RGBT PBTLs The

phot or esgﬁ%@ﬁ%&?&\ﬁﬁ{nég QHENL 5o O ﬂqH@in't@an%'ﬂia% thickfedd 314 Sver RREAMD . rim

| ocati on eaves photoresi st remal ning over other regions o
f ragnent %

R il e L
segnent s W Wi

et gh sgbé’%ﬁﬂ??ﬁ%@ﬁ%% ?i%}ggz?gfepgn%ﬁ e'ﬂgg Ho?|%§ﬁ%%ﬁﬁgggﬁj‘\9e Eg an
b edan el tBkried by, Tet WoaritVE bitowiesisPA 1S Of!)l:fll’ Pl lses L2
A T

r enoved. %%'M /??) %\g% }) Géﬁggﬂz\@gp&i\géfgéf 1%%e construction of Fig.
31 can beqiohp! der el finGIePIg, 58 Bnbiiiclibn 38814/6osBA1S GbANY Boldis! o 130,

| ocat'i ons a secon eature pattern at cation 134, and

second r iV\_';Fg\c eerQ/gaotpigag% a‘?‘e@ial ¥l ﬁr%%ﬁband ﬁe?fﬂgé gﬁt@é}ﬁ Icg:%ﬁ‘&#'i PRELE R at

| ocati on causes tiron I n a phase o esired wavel ength which is

200U 100, LT e G B Ry B RERTS et b st foature

o, Irst rine eferably cause a rotation

in the \Naa\ﬁ@togjrag&:raé{[&{uth&@ptgnmlgé@'@ﬂ;@%?pggha 180 fromthe caused by the first

feature pattel tloca I _onal ly, second rims 136 preferably
s, R Vo' T SR8 ety Lo AR it 20, 21
at | ocat ‘|%Fbr 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

illustrates construction 300 after such segment is removed to expose a portion of layer

304 within first feature pattern location 130.
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134. Accordingly, the wavel ength of |ight passing through rins at |ocations
136 will preferably be in phase with the |ight passing through first
feature pata@roa7ad | ocation 130, and the |ight passing tmaugge3nass at

| ocations 132 will preferably be in phase with the [|ight passing through

second 1 ege P2t Her i) o A5344 Wndifuof HFUTBEFONSISUE RN 700 of Fio.

31 can co ond 10 an constructions described with reference to

the radi %%%%ﬁiﬁ%%ﬁ%&%@ﬁﬁﬁ%%%ﬁﬁ&s Bb@8nd 302, a&'@rvgﬁ t%é%‘rc@ﬁgly Rerbd heal 1y,

t he cons can be consi ave a first feature

R A L L L

phase ayer secon ting layer opaque | ayer

112, and Omﬁgﬁ?@rps%rconé AT %af?émt??tfag\o& 184 ﬂﬁglggtfrﬁﬁfae?ig fzf eature pattern at

: ocati on °F3 chconprises™a pa rn etc roug Irst phase shifting
302 d i £4.0 | - : ' :

et S0%qrdfFond ATl Ghye ckiflosdhdon sk BB Mereato

| ocat i ong :]f%ﬁ%%@lgégsdrggo%h%ge ﬁﬁ{)tro%s%‘? Bgltti%'%(hElf\g%hroﬁfmqirrplla@&%néh' fting

| ayer 304" n 0 an per su ce’of Tirst phase shifting

Ve 0% 0k A SO0 P B S R Shpsa s
pnese: S0 dShue eI S S o g S0 OROIS! O

of Figs. .1-5 =83, it is noted that the first rinms wll preferably
ext end a|“6?¥3‘"b§5%[&“§3321 des of the first feature pattern, but will not 27

VO 03/ 067gﬁngCT/ U%ge%r%aégcﬁﬁig.eéé Wenfcfb%%{r%t%n%?i@ﬂuét%e& éﬁ??tbefr@at ure

pattern; hat the se Frs W erab ext end al ong “opposi ng

sides of eTXB setf16 %ﬂ%téhg\ﬂhigfx ?f r%ﬁattik/ag rﬁgn—sgﬂég’t,i\%q{)r FRldraPbdbaRE9Y0Ank gersSecond

feature parterns.” | be under st oo however, that nethodol ogy

feature . derstood, however,” that et hodof
For mod oriCRraf ol ARG, E doh b SRR G R ePB0: I IEDS) "anot her

oo e Medibad . ABLA ol MR rottaallt REERTGRBA 180 0ha. 327 38

Referring ini construction conpri ses a base 110,

and an qpague. ﬁ{ereéﬁluﬁge ?Sﬁﬁﬁef Y ﬁgqﬁg%%ﬁgq% URPAHE loBYifIn 1842 is an

attenuating and/ or cting layer 40 ase shifting |ayer 404.

Phase s hiﬁwt(aai ey ﬂm@é’tﬁgiéﬂ%n‘éﬁ&usﬁ?&?ﬁé@ﬁ firde Oin BRABS A @2Shrki fegRrsihaigrse or
an or

quart z; ayer 4 can conpri se,
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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exanpl e, nolybdenumsilicide, titaniumnitride, tantalumsilicide,
zirconiumsilicon oxide, and/or chromumfluoride. Preferably, |ayer 404
will all owoats/eemst 90% t ransm ssion, and nore preferabl ycanoes/0180%
transm ssion, of a working wavel ength of |ight passing through

construct[hgébﬁoo; am% ?’IP]at r@équl BV dn i %@gt Otcg'hﬁlﬁﬁggﬁ%qfégw,leayers

402 and are suc kln t has a phase

rotated it ﬁ)gétlo%ﬂ]é&”lt st Hllng in |{c}§£tﬁ>‘?1fs)13%%@%%6%{?&9@%%% Oh 1bliof oD ned

obtal ned iy e CONRL Bt 8e SRl AL GoEh I 8
Slr]:)j/?(rjggg %%' a%ésne%t EE Etg; tal pgsasee l[s%hy]" s[e(ggﬁ%ffgﬁ (Poremi)h 441)(r)e|3|sst
410 is pg) %@r necftal%r%cor%rprrl s%'?@daté%l? por({é?g%&%ggélérﬁ Whieh ﬁ??\%erg%ortl on
hi nner HUPRIET e iR picRel SR AR G e ﬁ‘é%i@?&?‘éé at
opaque. nbbgr I 8136 by @’%9“9@??%3@?@%%@“@'9@%9? B R pen ng
géf?tzgi;?gﬁf??m el Wz@a@?%“ﬁ%&%ﬁngé?fjjfgqf3§??§9§f£g§’a??%ﬁoflI%(z.t s
;gggg: gtné'mf gganfgigaaW%é%ga @Hor??ﬁﬂnneyg ht or“és}%g{m%opt? tsl§41

ﬁa&%gsé R %éﬁ ELERG “‘?h%?%ﬁ e AR ared

PCT/ US03 oca e openi ng 418 associ at ed

with regl t %\gcrx%rld%ﬁg/ ﬁ]% vglen fh fllgﬁt\?ée{ ﬁ'ﬂﬁftrag Flr%sggfob shystiie t hi nned

phot oreS| asso nt 1 0142] Referring to

Fig. 33, e‘?grgb@%}dé ﬁ%é\g ﬁlﬂw%l Fp%?n%qqt%glggws? tfbr@ ﬁé‘r‘ﬁ athRu86n 14@, phase

shlftlng ayer I nto~base cco |ng y the first and

second f & W r@?b&&&r‘bg hﬂ)\%@w'r at%ﬁé%h@ﬁ@ﬁ é@ﬂnlliﬁ’r@fe%ﬁﬁ@ﬁ%kﬁ@é Qithase 110.

[ 0143] Re erri toresist 410 1s ‘exposed to a sol vent
o o o BRI A e e e
2| achIMEPSSs SRR 99y, FPH o Ml 121 ang sccond
segments cgﬁst%ﬂgﬁkedé’@:hﬁéd mth fle]hgn'eﬁgé & 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 comprises 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 59-63, it is noted that the first

rims will preferably extend along opposing sides of the first feature pattern, but will not
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34) are renoved to extend first and second rim/locations 132 and 136 to an
upper surface of layer 404. [0145] Referring to Fig. 36, a protective mask
420 is foweessowsy fragnent 102, and specifically is formed/usn3peassect
first rimlocations 132 and first feature pattern 130. Portions of the

t i .42 i
T o TS AR e e e
(0] e r
ot oo M i OSBRSSO B AR 1) e
een r
Do T TR BEh O A TR Y RELAS NG o A2ty s pedo bo

over L et h%@?céﬁsaissfboe“%@'f'aéﬁ Fafistr 'Wﬁwﬁ%sp%‘?*&ﬁfﬁ“ée?‘% RBEoUeR Lod o

extend second f U [ n Iocatlon 134 deeper into base 110, and to
ext end s@%rﬁﬂk?aryr fFS@é‘?P%’#}e "136 into phase shifting |ayer 404. A suitable

etch can Qli#dlsie 436f<|e gl[ ('arrﬂgcy;&) ?ﬁr%ﬁpof%éaﬁ tio[?qg'égt%cngg{i Rhith ' 88rdn@e o Bigs 38

]Lo_rotec]El S Tenbved. ting structuré& has a
2, LB Rl LFRLAR Al SR R PR,

136. Pref bl DAS S

first ;gg‘%il.{ﬂ%g I%’(ﬂt@?h E"(V)‘%?gﬁ‘qﬁ@g%e V\ﬁr%'%ﬁs %Qj%géérnn% nroughht et h;ggggdt e
rims; an i
o b Eliedf f@éeﬁgffn%ﬁé";»ﬁ%é.%@@ﬁﬁ@eﬂﬂy%%“;@e PESHEID W pegfse W "
assin ro t i

Qbﬂjt 1735 el TR SRS Sl TR LRSS FAE
attern, an

Phe 11 one e mevBL i A il AR, i R SR g
through se an]rérhﬂjsn?)ﬁﬁorlc%cqgr roug}’lﬁagl 26'4ﬁrﬁlta1ﬂ8wla¥léé§t@(Wftrtaﬁgn@éloﬁbou" 540

a
rel ati ve®'d° assing 't eature pattern 134, with the net

effef:f of Bgm%fgerreier%kélg%ﬂo% 100‘9/h l%nlu;s’;%l a%rﬁn%%vél@ﬁ 'o@rbotﬁ})aé’glﬁ&e

(i.e rotati nlnpase ween | i ght

passi ng h‘%}? rE)n% éﬂé%ariogﬁ?ﬂéglsggpe}%bglpghé;%ﬁl:)lﬂgd flﬂfkﬂ?gééso? gRdydeat ure

pattern sinc multrple of 360 (Specifically,

Ip;s!s? né ?H$ gg%_)ﬁ eP I&}C@Sﬁa’cr’tﬁé %HI&HZ:J Jv&e‘?&@ﬁ?of- I5hPhads phiseVolfEd BPE6ES (bt ght
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, or 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
416 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
28



rims 132 is in phase with Iight passing though second feature pattern 134.
[0148] Another enbodinent is described with reference to Figs. 39-45.
Ref er ri ngwionistoeadsby to Fig. 39, a construction 500 is ill wtwesosmd2a88i ch
conprises a pair of fragnents 102 and 104. Each of the fragnents i ncl udes

2 base 00AN]a 08RABHSINIANE oplliRg 4EUSIIAORAN ot andebusran T he

base and 0Opaque |ayer. y a conpri se an attenuati ng and/ or

refl ect i%ggicaﬁll&{s 1386 r&eﬁﬁeﬁ:ﬁb&{ {I]lngl’lﬁiﬁﬁ%@pﬁﬁgrle%isplg?@%&”nssﬂzf 4ssobtddhwith sui t abl e

mat eri al nprising one or of chrom um and al um nun) such as, for
exanpl e,fr%e ti16115 utilized in beamsplitters. Layer 504 can conprise a
mat eri al e provi des at | east 90% transm ssion of a desired wavel ength

of 11ght yo il 0T €0 BRT618 o/ 333HUHingkUAY oA BTErS Shiaaed trid1erissited

wavel eng | i ght, sii'tabl’'e materials being, for exanple, quartz or

sil i con dh ot TR Ph ks 400 dndudh, ARPnRATCRS 10NA%eAdrgly BbYRta Sim | ar

phase sh'ia}"?r occurs I'ng propagation of the wavel ength of |ight

i B ANt A e s o

const ruct can np ayer 502 conprises a material which

can be sgbﬁ@ﬂ}vel ygg%gﬁ@%%%; %ﬁ% p%rl:atorgé}?t%él@eﬁé&ea@dsrsoﬁeﬁt-(os&ha\o

03/ 06733 us03/ rst feature pattern location 130 is
defined el ative 10t 3AG § ifesthinhbpdrasiadd A(Fig. B3, virile def i ned
el e Sl BRI Bt reffet YeThinher® P

proxi mat & ern I on second ture pattern

| ocation 134 i i At 0 fpa jgn | ocations
136 ar o 8RR AT AG RS FUOEE BErigh 4t B2 UIER brlidlo seflomeEpoead ey |

phot or est ate 1 P14 Siufh fich SR8 sURH rirh RRERGHS bR, 104, Photoresist = 510

has an openi ng ndi ng therethrough to expose a segnent of opaque

| ayer 13@%@ hi n hg{eﬁ’ﬁ%%ﬂ*#@ B d,§loBed 85RO oliiquamkibas 182 (igeni ng

522 exte t here 0 expose anot her segnent of opaque materi al

L12 wi t hip) 585000, dFldiicho RalhBIsBobRPA|eadAM i eacmiariughtp has thin

portions over first rimlocations 2 and second rim/l ocations 136,

and has cke hpns 514 outwardly of the thin portions 512. [0151]
Referri né%%ééléfé&ggl%@?exposed segnents of opaque material 112 are '

R e e e e g
subj ect egn& gp&qﬁcally 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 feature pattern at

location 134, first rims at locations 132, and second rims at locations 136. Preferably,
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etch to extend openings 520 and 522 to an upper surface of |ayer 502.
[0153] Referring to Fig. 42, photoresist 510 is exposed to a sol vent (or
ot her suwoaisloe73sn ocessi ng conditions) to renove thinned PrOMWUSHIBH2288 t he
photoresist (Fig. 41) and subsequently an etch is utilized to renove

exposed p it agﬁﬁ ro 5§rs} tlﬂ'@ aﬁ I%ISI WidighepadmgdRdudd haM I both
BpEpatsmgit

t%/plhcallb Slm.l t aneou atili zi ng an
etch su
séa%%ﬁ b AL éﬂ*@a%&?é@g@fwé BT SR

pl asra. nég'ssufda'@ﬁ%t@%tthé( ﬁrs?mgd'lzgﬁ%@r ptﬁhé}é{@l $heht tgg%grfqgt%r&@ﬂ tll?ﬁfn‘%{(:hed one

at a ti one ano ruct Ig. 42 has first and

second 1 eal e SRk GO0, 3 AR 1194oBk GNP db AR igpper surface

of base F St and second I ons 36 extending to

maski ng. RATS BfoBhh S YRt eeg et TR R R s e Bt BT 15
A I r Shnddd nga?cgic} B8l st Byl B G BREANGLCRT! HiCuqRBASHg & ocation

égfoggg?’% 03 Ocaef Ml %gsea? Bk %%L imadc’ha e that
]'Eggt lr}?razk 58 : ﬁaveoggcégjs%fti i%ti IXe% hﬁe b!I){e r}Jn%z}ocit;lﬁﬁorsI ol y
;stmu: Idlﬁ @gtrp suc%lna] %th ons. % ' i) not edﬂt’ wtﬁ%?ﬁ%ougﬁ Or];as 4|0ng tmatne?fl al 530
5, | S5 o R - AR ot or s

phot or esgc?t%tlcgﬁﬂ phﬁs%(gét&)v&eﬂ II&t BEsin ttHrb %PHI#@ h 9% af I| ‘SQH%EH?‘B H al 530,

and wher us p OVI over photor |st 5 155]

ref of 11 NGBt fandif T AR § ﬁﬁotsmg.g Plos 68 Tk 8bol @Yédiicalif 212

etched to ex second rimToca |ohs 1 to an uppe ace of layer 502,

and to {EQ%@?&%QM& dififf pBaLd RIcP, %@@%}I“__e?ﬂ/o;lo’%g‘f‘l%&s @59«.&01561

Referring PVe fask’ Isre

resul ting,aty r#ggwaqa@asw.@l n h;séss B, RBLHEI b phRGAlGAN 130 Tirst rime

at | ocations secon eatu n at tiron 134, and second

oS o W B b i 15

Light paggkdfng MRHgh EQesd, o ShstrGdbHEB0RMih&Fdled fhich 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 wa_velength of light, and more preferably
about 100% transmission of the desired wavelength of light, with suitable materials
being, for example, quariz 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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preferably in phase with Iight passing through the second rims, and |ight
passing through the second feature pattern is-preferably in phase with
|'i ght paswiong/stasough the first rins. Further, |ight passiargusobozasgh t he
first feature pattern is preferably 180 out of phase relative to |ight

i
8t |4I5| ;tei fieférsite?rgﬁ?%go?%h?go'%rﬁ?dll g&é@ntact?hl.c%é%gersnv\gé 'r?rgtelesfgi 2\%(36 ?and_ tﬁeh
passi ng PRPBAFRC e PEARE T PRI IR By Patgiehs dos SHEReST i (™
speci 11 crrieneUo o BR R RiRgP Y Ro gL R e paleb 0 530 Gescr b vari ous
" ant pad0t B hr obgoTaTR F1De Bty dvéfiadiio 0102 ind 1BRCPRASARREC T
%Eg;fﬁgz?ﬁﬁ? Be” ?b%?iﬁii?%ehﬁ“{‘{%E@éfaf%%gﬁﬁa?%ggﬁ%%ﬁ?f&%%%ﬁ’?ﬁe_ | ons
et o ST g MR 8T s, tho
Zﬁggakif‘%ﬁfgﬁt%?ﬁgb&ﬁ!e%ﬁﬁ%ﬁé’%@gyg?@%&rﬁ%ﬁ@gﬂ i-dgﬁg%%%fa iy
231;] g[ ; Lg??ﬁiﬂ@f ﬂﬂﬁ?é EF@.O reﬂi 5116 @ﬁg}ﬁﬁ%{‘{’%ﬁ@o |rg%| Irlﬁﬁg%\ rtg’ﬁ 23132

accor di n&P@SF%P trinigalcaﬁ{ﬁaslogﬁ’ ﬁéc?Pé?ﬁcﬁ??é@rﬁbﬁéfﬁ%@@?%ﬂ%ﬁb teh'rgbng? (rjucti on

600 of Fi ﬁ'ioﬁm S was utilized in describing the structure of Fig. 9.
Accor di n& 9 %?? cture 600 conprises a base 110 (which preferably

ﬁﬁfﬁﬁiﬁ%}ﬂgﬁ%t 2 Eﬁ%ﬁﬁ@%“%ﬁﬁ%?&&%@ BYHeAR B epaaioR oI AREE

exten r.0 t ' :

Cayer 1150488801 PEpRAGSHRE BATHL 5% Sl b CRRe SHRIE S Kl BiRAuC

locat| ons[OJI [0199k 0t é% Eigngh LOnbd e potlt nsidi ayB¥BOSED S (1§ aff Opaque
( : ved ¥B ext'e %0,

| ayer 112 46) “are’re e nd openi'ngs 1 122 and 124 to an
Upper s urelic%ctg e%eng%igni;\gjg 520 hind 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 be 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 tim 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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is noted that when openings are described as extending "to" an upper
surface herein, it 1is to be understood that the openings can term nate at
t he upperwsuisfeazs) or can extend into the surface. [0160]pcRefseB02288 t O
Fig. 48, phot oresist 114 is exposed to a solvent (or other suitable

Dr 0esS! N0 RN L ARl Rk SERYERol HEHRH PRLIEATCH BalB Ml aibfibao! Lhe

phot or est rons renoval of the"t

Prr st °r s etipeflBR e el vl RER pRE gé?%%%ﬁ“g?ﬁ SRS 1
Eﬁﬁgiéﬂeﬁﬁ%ﬁ% R G T e R el

pa o tiahedly FidEFechan LB iRBARLARER dRodtatuB RIS ERe T
ot ant 1 RGBS TASTBRBAM ST toaﬁ‘%@#Whe9%§56@8%§y555?%%8§@ﬁ B 010,

d
Al Tor ed SRTARAISPRG] BRoAR) BR G PR PR s o He MBS ATEART "2 o

mask can _be provid etween resist 114 and opaque | ayer 112 if there is
an ef f ectV %fp%PWée§'§%ﬂ1 nt on the remaining resist. [0161] Referring to Fig.

Ret er 1 nOTBIF g, - BRTMOP Srbat‘s HEuphieErasbhidlapf b8 arkGiR Rl ok 102
3°2222ﬁ8%§a@f§%xte%daﬁcgp §RporgRRe ég‘kiéﬁuﬁﬁ. e b o P 152 and
second “%&glﬁﬁgﬁﬁco %@Q&ﬁﬁ%‘ﬁ% 'fg%‘? {d4 lﬁitogaes\gnge pattern at |ocation 130

ggg ssggﬁ o catl Are conprlse by doped regi ons 604 and
pat t ern P@qé@bst ;ntFﬁ;\ rpr)\/g ?ﬁi %haséﬂ%?tﬁg %Sbg#lgl %g 2 E&nédgﬁsﬁﬁgf ggigﬁg
rims; and bggg%rH %fqi}ﬁ%s%ag{lw f%é%}?e é}alt?erh tr dn”ﬁ%o' rs? HRS & X,&hﬁér‘lsﬁ dongphase

with |ight! con Flre tern 0 preferab Y,

| i ght passin
?P(r)gi %ng%oggéﬁgyt %ﬁh}gﬁlgﬁt% 1t36'n? é&ﬁacsl?n%fsa ?Iloc\éﬁ(%'g;aé’sezlﬁg ;E E?ofjégmt he
180 or Cesfeld 406 18°D PP PR e BRI A R O e s

pref er abl an%ructlons oflp{gs. 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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fromabout 170 to about 190 relative to the |ight passing through the

second feature pattern, and nore preferably is shifted by about 180, and
even norewaoresioerably is shifted by exactly 180. The constraaewsosn2asg Fi g.
51 can correspond to any of the radiation patterning tool constructions

descri begﬁgsrirgq’ {-h?&{ﬂhy% Watdial, %tﬁ&ﬂ%‘ft@nﬁ&m@tﬂé h?rg.é Amd tﬁé‘%né%a@%re [0163]

Anot her e Irnvention is descr h reference to Figs.

52-58, apf;speh éjﬁélh%%ﬁ’ﬁab\%r EBB&H bl&b@m)d[ng%%hftﬂRWPﬁthré?@ﬁnt% nor e

attenuating and’ ase shifting ayers erring to Fig. 52, a

constr uc%h%%c%ggtl Sosf ghéh’fﬁ%ﬁ%ﬁg ard B?roﬁOMEHnV%Ii’éeq)mﬁb fhﬂﬁbh&ﬂéﬁj a first

f ragnent cond tragment ragnment s’ 102 and 104 both I
. 1 ,
base. 110 BT oL d oy DR AR R b e e PR O e
materi al oS &Mt if WQS thc&'e alﬁéan@gdl h qu&&cnﬁé‘(ﬁj{/vﬁﬁ rdB3Re /NI T L1 Ng
opa

| ayer 702°1°S prov vveen material 112. Layer 702
can correrli 161 Sgr exarrpl e, nolybdenumsilicide. [0165] A first feature
pattern I oCation 130, and first rimlocations 132 are defined relative to

[ragment fige) and hasaRithiAFIdES .@@tafc%rnetruaﬁﬁteggﬂs il second i m

| ocati ons are tl v ment 1 patterned photoresi st

710 is FE?%%!I‘Q&%FI%?@“S a8 en?tﬂ&%&hﬁlucﬁc]@mda Bk r@?‘ ?tacZérglnﬁ@%)édtuéﬁs

openi ngs ding to rst and secon eature pattern

| ocati On%%ﬁg gs,pﬂg.ggog.p ogeggrméc@\égbxstmcﬁsﬁbéé oiﬁglgéz awa%rmmze%qﬁ t hi nned

regi ons rimlocations 134, and thick

regions pliatild M dcle Sane gL\dgcngr@g{E stbéiurd BHPGImSREE EbEg 140 Fi 0. 53,

openi ngs are ext h opaque material 112 and | ayer

702 to a \ﬁHlEFn ?ﬁeefel%tal r%&@ J E}Z Efﬁt%qggghﬁp o2 Mhlé"ppflém?%ly C&HM%E of

base 110 e I nto 110. 'In elther event, the etch

can be r%F‘M|8ﬂ;(;ag132a3paﬁ%é§ﬁé%qb%ragmbﬁﬁeOd%uhmds%@?]zﬁ&ﬁ&m SedcP Fig. 54,

resist 710 1s e ent (or er ‘suitable processing

oa;ht PRI BT B L RO A Epdpi g Pt o 2,10
112 wi t hif,fd Satterd loBaddnCR0) ARG sdedfd #flosafmad sl m | ocati ons 134.

[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. It
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 portions 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 illusirated 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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[0168] Referring to Fig. 55, the exposed segnents of opaque material 112
(Fig. 54) are renoved. Such extends first and second rim |l ocations 132 and
136 to | apwero3/06080 [ 0169] Referring to Fig. 56, a protectinca/vmwske’zs0 is
formed over fragment 102, and specifically over first feature pattern

| ocati on it " ' fhe B8t mBY ALEEbbMPallBREKinksughhown

bei ng fora&n(g'gp@tg%%'w@t%éggeeg%?ghd&%@%gﬁste r71|0 TF?g. 55), et‘)ut It ig‘zl to be

under st Oﬁﬁb%,?(g{g?% go.g\Rfo%g%%(sﬁ}Bé?jgiéiSRérlhga ﬁér%lomjé’& s e broviRb@B8ivibdhi Ng

formatio ct1ve mas eco eature pattern location 134 and

d rimp ' l; : bl - k 730.
Vack 730" 108 PR Ry 2 e BRI AR GRS B

PCT/ USOS/Ir 88 [0170] Referring to Fig. 57, a dopant 732 is inplanted into
second feature pattern |location 134 and second rimlocations 136 to forma

doped r egfp?& f40 W'Rtel‘yirgng @gﬁ& 5ot Rxp 4 s@ﬁ@%ﬂts%%b?@?eg%}%? ot RigD4bpygr 702

[0171] Referring to protective I's Tenoved. The
construc?érﬂ e%lf Fig. 58 conprises a first feature pattern at feature
pattern Iocation 130, first rins at |ocations 132, a second feature

pattern gloqpofal! e pﬁ%q ¥ 155319%“8’(0 488 134 (b5 RATokAS Tdhe dopant

within region 740 IS erab rovi concentration so that |ight

passi g LEFAHRA Big 2oeindRaL arffsgnﬁtg%[&ueﬁ, 598 hBA 150, PBAFRa R0

about about relatrve passing through the first feature

pattern, p%ﬁ&n'E?Wo%a iég{j?%f;"ﬁ?sl?lrix}sia?IJc%B&EsegaﬁhdZ%?H{w%éﬁ%atMti&%t13@?“@19 _

preferably i's rota exactly 1 opant concentration

and type ol b 8ALAN 1okdfon 3aPAE SERInKNASAUBHE fae bitorid@Bd ppassi ng

t hrough the Seco rimlocations 1s rotated by from about 17 about 190

relative 8.} i%ﬁngggg%}g%gg%gaﬁg&w PREIERBA, [ GRUESnG BFaidPRe fijged nmore

preferabl’y 1s and yet ‘nore preferably is rotated by

tl ) . thi . . of g . h
That 11 ghetiare g IE b el rEURS SuIEnt SRSing hioBYR e dbohd ilaoae o
bout 19 i i ] 1 i L d
abou gglﬁt}h@%hg?‘nr?ﬁ%ﬂ[ fhlg:?%ﬂ{?iﬂ%sﬂs @Ebétgﬁtﬁ‘ﬂﬁ N gﬁ]ﬁa@@ vith'ight p&RindrtBrolgh iRy n, - an

nore pre passing throu the fifst rim locations is

S Rt R e e

corres por\]\ﬁ\iéhCﬁs 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

comprise a base 110 and an opaque material 112. As described previously, base 110
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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 Wwarosfoerasong regi ons 740 and 742 preferably provirasudosoedse or no
attenuation of a desired wavel ength of |ight passing through the second

feature ?é'ﬁ %&%&is%’lﬁg f. &#H&qﬁéﬁalﬁﬁ@% c@r@h%segcfrﬁ’éﬁjngxﬁﬁ An BigSRtinghI TT tO

the ligh nparttcular a Icatrons, Tayer ready provides desired

i thour Praor Aiite sy TRe b BcaPRRiect B TR gt IR ALY 02260
[0173] Tpgyg%‘rgﬁé!Cgi%tgplggrié’reetfg}%q(ag\gr\e;?ﬁqlﬁg‘gnm%ﬂfcmepan enabl e sel f-alignnment

bet ween spécific an be easier to expose.one region,

o BT gl TR
o e A A e
O 11 1 Erlooh il ol SRR AT R OB paBbrgs L

A0, 95Tl gy DURRE B ERDRSARETE SRl Re et g Unever

SS- nnen uneven neven nas
tchi ng, thus. af i ial | ) d
Cher et or 84GPRa0 6t @Pedcbfia RRAS ek EIBaABns 136 oHE 1 85, SHSSRGR.200

oot St eXRORHfy i asbrad wANLY SARESAbIN A SXBRSHHPBCARAYTg2( 0174] A

di fficul ontac or art ne en separation
bet ween LS. I ' : ct dianeter.

Spec 1 car o5 HrhB iR ok @ siied RECRaME"L, hout | magi ng

bri dges nth t LS | ' | | ted
cont gct sb@nhgﬁ]el ow ?ﬁg%ﬁﬁ%c% 'eéréér? ém?bés/?%&n%ﬁ% ?’zégrr%f[eﬁgeu a(rj%gp rIlé)ca ui%ons of

e fabrication nmethods descri bed

herei n C@Uﬁ%&eaéftba)r%tl ?O,aasr%%lﬁmp&a&tjﬁ eﬁ&ﬁ)‘ig@l Ha88dY o! NELHPveAShE @i ed
as, for exanple, te), MS

| ayers, Suc quartz (substrate), I - quartz (silica),

and chrO%H%_régrg&gg%é’zg)ggmrgg?o%%tﬁ@ds can start with a "standard" mask

bl ank conprising qu rom umand then, in the nmddle of a
fabricati @%7] Referring to Fig. 54, resist 710 is exposed to a solvent (or other suitable

e L A st S R gt e

processing conditions) which removes the thinned portions 712 (Fig. 53), 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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process, an additional phase shifting |ayer can be deposited on top. It can
be desired to apply additional |ithography steps to strip this additional

| ayer in v@ @weedoar eas, but such can create a risk of megyedosgrasent .
[0176] In conpliance with the statute, the invention has been described in

| anguage fprAn Of | easroftRRb Hid 575 patk 748 IellaritfinRddia bt eat ur es. 1t

S
is to be “understood, however, that the invention is not limted to the

speci fi ¢ Je@itibestioh M@ hrdibedss Al IB&fions 1 86 & fohR aMRPBA rdG6ET4D Wirsiks! osed
conprise preferred fornms of putting the 37 WO 03/067330° PCT/ US03/ 02288

i nventi on,gdsBtqo e ffedped FBGiohHY LI 1itRR 1dyer 762 erefore, claimed in any of its

forms or nodi ?I cations wthin the proper scope of the appended cl ai ns

appropria i nter [ C i i i val ent s.
BB s AL " LB 1o T, 88 A@ﬁ@%ﬁﬁ%@?'%%ﬁﬁ Vel The! ool

conpri si rk%hsff‘uétﬁﬁto\"F@égg(:%ﬁnbﬂsé@é’h@gfeéuﬁgbétPé?ﬁrane%ﬂﬁe‘E)_Qﬂérin%{faﬁgnHQO hpart a

[
first rotationinp 0o a wavel ength of 11 ght passing through the

feature ﬁﬁéttrwét 1684 iofs ﬁéﬂ‘ag%éﬁtaﬁg ?efa?t?r%tpiaﬁgrnoa{t Idda8ioh €84 W RebiEis BEr | phery

but not along an entirety eature pattern periphery; the rimbeing

conf i gur qgcattBPé TBE ThédSReR Wﬂhinrr@%'r%b iggﬂ id PreRIARE pFRideldGo WRRESRSEG 85 |1 ght

when t he wavel ength passes throug rim the second rotation 1 n phase

being fr qmﬁgﬁ%as%%g, tﬁ@%gﬁ% $QoRB RHurs PRitEFAE ?&§tedriﬁ‘bﬁ%s%evt§'y fhin bhSutl 1 T st

rotation In ase. radiation patterning tool o ai'm 1 wherein the

second T of7b kPBhdi 1 %@*‘r%‘i%&‘ivé%o RO PlsSRPHGYHERS fifs fabird ®altOrmt A% fbfeSt

rotation 1 n phase. The radiation patterning tool of claiml wherein the

feature NabieRidly 83Stafed ByEAIOHD 98OLENS PeRRore YiBetably T8 rétRdi dxacRf 18aPPOSI Ng
sides, and wherein the rimis provided along bot'h opposing sides of one

pai r of tHEHIPRRS G cSnfthtidd8nd §B& MEHIrBGionS PAPR HRBR WY %r%@%ﬁg&aﬁr of

the opposing sides of the other pair of the opposing sides.” 4.
radi ati onhgﬁrghﬁsaasn@l thR)‘&Ph He SdRhHUih WERIRL I fohed S??rﬁﬁmeaﬂb@? {RFRohas a

shape conprising a plurality of sides, and wherein the rimis not along at

| east oneyflit 190° relative to light passing through the second feature location, and more
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.

36



the sides. 5. The radiation patterning tool of claim1 conprising a
substrate which includes a quartz base, a first phase shifting | ayer over
the quartwd@®e733a second phase shifting |ayer over the fROTSUSOphzese
shifting |l ayer and having a different conposition than the first phase

Shi f i ng (hFYAT . aNf ARARARNSBRbAL HelorBYUF horbRat AR RITTENSBHI {1 N0

| ayer; a eature pattern conprises a pattern etched through

the fi rSEﬁ%fwtagg?eqiam Motd'Sod RSl %‘%a@f&??@eﬁ&%gtohggeg#]i@tiﬂ%(g. t&sl opaque

| ayer; a rimconprises a %attern etched through the opaque |ayer and

the Sec{ﬂ?&e@&?ﬁ% et ﬁS\M%O%t?c}fgﬁesisﬁ%ﬂdtegpéﬁghé!rérﬁ&in@@?é@oﬁi]iﬁ bbiagh | ayer. 6.

;I'he radj[ on paternln claim reint I Tst phase shifting

ayer a : oolalel b B b . 7.

;I'he r adi i?@g%érgg?’tagfeﬁt{nfgp{hgoq% @F E{}féagll%gg F erel n@aftaﬁgﬂ i%élﬁd g@glsogu%h ft7 i ng
ayer co | PN ’ :

tho secoRMBRIGE BHH F R A o B o sy

oxygen aniCF%l)ttfé&%%%gﬁfﬁ"eVB%eo“r 2 ah ioPI&sgéﬁélﬁ @Jr(gtgi’tiw@ pifiorebiad ilaftiepbiar ei n

t he opaqu rises chromum ation patterning tool of

claiml ?gogg@grosfiaqga& %H%%tdo%te%i%rﬁy nd H\%I'ti':{ﬁ%\% pe%ggé{ﬁ‘é.t ﬁp?@é&tioh’i‘alf irst phase

N o)
shifting over the quartz €, a seco se s ting | ayer over

the fi . rotl SO, . g !
¢ ?s ¢ ! Lﬁé@h@%ﬁ gcﬂﬁhé&{%}%gés%%gn H@%ﬁ cQ@Y%snuﬂ n?urqé\;er'lgaﬁ&n SGRRRIthingss-t han  the

opaque nateri over the second phase

shifting Fp%n?%(ﬂts uhg en%egia'ﬂ'fit&ﬁgserf ﬁ]ﬁgkjéﬁgiggéﬁagé gﬁé&ﬁb‘fﬁ@%lﬁl RRddeSs et ched

t hr ough St” phase shitting |ayer, ase shifting layer, and

OPATU | Gl PR o BB bistblEd Bl Plcfisfracpaidar n et ched

t hr ough e opaque layer an secon ase shifting layer. 10. The

2oer s ReRIRHIAS G A8ls Reslil ol 4868 Akl cosaingionr S (1 1o

[0174] A difficulty of imaging contacts by prior art methods occurs when
separation between the contacts is smaller that a desired contact diameter. Specifically,
it is difficult to image the contacts without imaging bridges between the contacts. ltis
typically easier to print isolated contacts with low spatial coherence (“sigma”). Particular
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. Itis to be

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

described, since the means herein disclosed comprise preferred forms of putting the
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11. The radiation patterning tool of claim9 wherein: the first phase
shifting | ayer conprises nol ybdenum and silicon; and the second phase
shi fting Waysroezopri ses silicon and one or both of oxygeCTarsd3n2A88 0gen
12. Aradiation patterning tool conprising: an array of feature patterns

o A0 R BT TS (GRS, i 4 Skt aur ed rotate

a phase of a wave I'fght as the i ght passes t hrough the feature

patter nSm&J}Féa{@%t\MEﬁn ﬁﬁe aﬁr@ﬁ&%c ngf;ﬂégogaénéédr&éwkééﬁsrdﬂﬂh@@ ihigRfeled a

first rotation type wh I npart's a second
rotation Sﬂﬂﬂ' ion being fromabout 170 degrees to
about 195{%é%?§g§8&ﬁ®g??9§&nﬁ§ IJlrst' rotation; the two types of feature
patterns alternating with one another along the rows of the array; a
plurality of first rinms configured to inpart the first rotation to the
phase of the wavel ength of light, the first rinms being al ong edges of the
second type of feature patterns; a plurality of second rins configured to
inpart the second rotation to the phase of the wavel ength of |ight, the
second rinms being along edges of the first type of feature patterns; and
40 WD 03/067330 PCT/ US03/02288 the first and second rins being al ong
colums of the array. 13. The radiation patterning tool of claim 12 wherein
the two types of feature patterns do not alternate with one another al ong
the columms of the array. 14. The radiation patterning tool of claim 12
wherein the two types of feature patterns do not alternate with one

anot her al ong the columms of the array, wherein adjacent feature patterns
al ong the colunmms are separated from one another by a distance, and
wherein the individual rins extend an entirety of the distance between

adj acent feature patterns along the colums of the array. 15. The radiation
patterning tool of claim12 further conprising a plurality of

si de- | obe- suppressi ng patterns between adjacent rins al ong colums of the
array. 16. The radiation patterning tool of claim12 further conprising a
plurality of
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si de- | obe- suppressing patterns; individual side-|obe-suppressing patterns
being between adjacent rins along colums of the array; the individual

si de- | obewsupmeessi ng patterns being configured to rotat edimesosmarstengt h
of light by fromabout 170 degrees to about 190 degrees relative to the
rotation,l ted to the light by the rins on either side of the
individug#K@ﬁ%e-lobe-suppressing patterns. 17. The radiation patterning
tool of claim 16 wherein adjacent rins along the columms are separated
from one anot her by a distance, and wherein the individual side-

| obe-suppressing patterns extend an entirety of the distance between

adj acent ri nms1. al oAgadiptiorcpattamisg tdol eereprigingily. 18. The radi ati on patterning

tool of claim 16 V\’Q%aefgr%sp?a%e?r?ﬁ% r%ég\grﬁeﬁp% %fﬁg@dl{gﬂﬁpﬁffﬁl%@par at ed

from one another by a ance rein t I vi dual si de-
| obe- suppotetisi lngh@sﬂtoeawaveieng‘ibpfMewlmhmhﬂ@ﬁﬁaﬁﬂepﬁ’@er& #ihnce bet ween

adj acent rins al \?\Eglrﬁ Ql%n§% e&é c?f’thé fagi éﬁ’ernﬂf)%rlpﬂ_é?ﬂ)ﬂ%tétdn?%npat terning

tool of claim 12 erern ypes o eatu erns alfernate with
one anot leatiredl atie ﬂela’elr@paill.:ﬂ'm@eUPhQMéh@rlﬁd%ﬁlnwwnfmh@dr’f@dﬂ@m dReeRdt er ni ng

tool of ¢l g{l%}l%%gé\‘?e {o5ha M)ka@ﬁw%f I@Ht&ﬁeﬁr’[ﬁe w%l@ﬁ@q p%éé% tRidGGh fe t he

second tyP re pattern rein second rims are
mat ched wint; theesechnafotativn ifiphsse bsipe from doest h?cbdqgie@seior@wtzl% d99seqsadi at i on

patternin of ein the second rins are not along rows of
t he arrayé:l ‘i‘%qe\i?eoféf%‘lti@}f?@é%b S03/ 02288 22. The radiation patterning
tool of claim12 wherein the first and second rins are not alon rows of
the array. 232 The Thadadigtiasnpasigries ivohef dakl 1 whergindhensegondgRisHiPR Mg

quartz b {4 {8 ity Staieih dhBse.quart z base, a second
phase sh |ng af”%{‘ﬁ over the&?ll rst e|o|haseash|ftplthng | ayer and havi ng a

different conposition than the first Ehase shifting and opaque

|
materi al over % he Jbesadiaiinnaratesnng toohef qlaipel wherigd W%é‘?%ﬁ”ﬁ PafiRig r?aisrast type
feature Qéétérgjl]% sfhfse E’éﬁfl{)t‘?élﬁ&mﬁ; St bbﬁ@ﬂflf'&&é@ aht r\/\ﬂ'krém&t’eenm ghifting

| ayer, secon ase ayer, and opaque | ayer; t he secand type
feature M@‘tl@drﬁéow @Tbépp‘é?r'fﬁﬁs'é?%ﬁ@ﬁetﬂﬂ”dﬁ&?? PpRosingriges 3 e reCta”Q‘?'

shape and not on either of the opposing sides of the other pair of the opposing sides.

4, The radiation patterning tool of claim 1 wherein the feature pattern has a
shape comprising a plurality of sides, and wherein the rim is not along at least one of

the sides.

5. The radiation patterning tool of claim 1 comprising a subsirate which
includes a quartz base, a first phase shifting layer over the quariz base, a second phase
shifting layer over the first phase shifting layer and having a different composition than
the first phase shifting layer, and an opaque material over the second phase shifting

layer; and wherein:

the feature pattern comprises a pattern etched through the first phase
shifting layer, second phase shifting layer, and opaque layer; and

the rim comprises a pattern etched through the opaque layer and the

second phase shifting layer, and to the first phase shifting layer.

6.  The radiation patterning tool of claim 5 wherein the first phase shifting

layer attenuates the light more than the second phase shifting layer.

7. The radiation patterning tool of claim 5 wherein:
the first phase shifting layer comprises molybdenum and silicon; and
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phase shifting | ayer, second phase shifting |ayer, and opaque |ayer, and
into the base. 24. The radiation patterning tool of claim 23 wherein: the
first rinwoameepabt erns et ched through the opaque | ayer armtTrise3/ozmsond
phase shifting layer, and to the first phase shifting | ayer; and the second

rims are pat ter ns gl Gehd B aUad RS ARBHENbaY SfocAlil Redpgrsgcond phase

shifting layer. 25. ation pa rning tool of claim?23 wherein the
first phaggeshndnitiogenl ayer attenuates the |ight nore than the second phase
shifting layer. 26. The radiation patterning tool of claim23 wherein: the

first phase sgiftifg, Lakebn bABHIGASOIBPLURATHHE GAthSdldaeayeRnd  { he

second phase Shifting lTayer conprrses silicon and one or both of oxygen
and ni t romeprise@ throfiumt hod of form ng a radiation patterning tool,
conprising: providing a substrate; formng a feature pattern supported by

the substratey t he-r%&ﬁ-}d%ign Pg&.lgmrr{agrt?ag)v;cb@s}n 3 RAPHBRE BYsubbiige indidnur e

patterned bei ng configure mpart Irst rotation in phase to a

wavel enginbludés & iqghitz basss kst phasgugifting eyereavaitie géaartzase, asrangdmbesg a rim
supportegd.: ; i i i i itioh lgarf eat ure
Dt or n Hui s SIS FFondss Sl M 3a0RE RIS Spsition B

per i pher e firstipbase ahitliop tayet @ntiiaguaregue materighpyerdhe seeond Phas&shitingi n phase
to the 1) gIJ. SRt Refin:! 1 ght  when the wavel ength passes through the rim the
second rotation in prhase being from about 170 degrees to about 190 degrees
relative to the fithstfeatorematiem inglughsapatiom eighed tﬁ@ﬁlaw%ﬁr%ﬁ@ﬁ% 27 wherein

t he subsit.a I i t hehdwawehepakddl 268 |1 ght,
wher o1 - R e 3 D8 7350
PCT/ US03/ 02288  pr the rife inclides atpadtern aishqdiheouchile apasiueilaver gad {uteur e

pattern i ; by: formng a | ayer of photoresist over the
(SRt Syl

opaque t ‘portion of the photoresist being over a defined

feature pattern location, and a second porti oq? of thg Photorzﬁ'.st bei ng
over a definedOri mihesasdiation:patterning tag! af islaimS whergip s st BFasLREMIbt or esi st

to exposgyar itdnthtc38RERIH: nRire than the second phase shifting layer. ‘

11.  The radiation patterning tool of claim 9 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.

12. 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 light, the second rims being along edges of the first type of

feature patterns; and
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the layer in the feature pattern |ocation; renoving the exposed first
segnent of the layer and etching into the substrate to forman opening in
t he featuw® @aktson | ocati on of the substrate; after fornmpray/udesozeseni ng in
the feature pattern |location, renoving the second portion of the

photoresist. 10 exagss, &-AASANFAIEAIg SbnbREPLSA tidardye 11 m 1 ocat i on,

and renovi ng the expose second segnen the layer fromthe rim/location.
29. The nmethod of claim 28 wherein the substrate consists esm al ly of
quartz, and wer ei Tha tadiatiqp petierpiag deo! bclgine 13abheraimedwe dyres tWRysi cal |y

agai nst p%rnsadpaﬁétzaltgﬁnat(e"\ﬁltﬁUlt?ééﬁcﬁﬁgra%}?btﬁ@%fdnﬁ%%f%% ywm 30. A nmethod

of formhn radiation patterning tool, conprising: providing a substrate;
formng a flrst feature pattern supported by the substrate; %Z first
feature pattthn hBWw ragliatiop@attemiagyoolohelaim i 3whegaln iedWodyRas ol &RpTHE; ng

conf | gurﬁé:ltetrﬁ% ém@rélteﬁwfté With oné Qﬁ&ﬁer%ohdﬂhﬁ%ﬁ@rlﬁs%f%é’\@h‘@ @ngkdin of | i ght

when t he"wave h™ passes through first feature patterB formng a
first rladjmqmpfaattafd pbﬁiennﬁél%‘atib@¢%{U@”Sﬁf?e5%af%t9dfrpm%@ier@t FWG a portion

Of the féll%t%ce %ﬂﬁ%{ﬁ%r&ﬁttﬁeelﬁa Bl'ﬁél' rﬂﬁ%eé))‘telb&'én BRfiref/ &M% iBtafBS bétdlcgnof the

rst fea ern perlp first rimbeing configured to inpart
a secondadjmemtt faalturerpaphraeelqr@ ’fh@r‘ ﬁ@luma%ef BERWYof | i ght when the wavel ength
passes through the first rim the second rotation in phase being from

about 170 degyges {Qe ?a%‘?éﬁonjﬁﬁﬂemﬁ@rtg&%f'E:%'irﬁtm\f@rtﬁé? cbh@rlélhg atpluralay ati on in
phase; form ng a second feature pattern Sulpl’elﬁﬁ ed b ubstrate; the

second $léaﬂQ!neeSL§99fQS§mﬁ ARHEMNS PelvesBradiAcent ng&e Q8" at t er ned

being configured to inpart a third rotation in phase to the wavel engt h of

l'i ght passingqghroygh ré&’ﬁloﬁgﬁﬂ@ﬁﬂungﬁﬁatdﬂrcl%urﬁaQtf&rltrIiEr cbl‘r@rlmhg aqblurelﬂt;abf on in
phase being from about 170 rees to at| ve to the

90
first rofigeiee-SUpPHRSEE;PAEIS WS'Vgugle%‘ger]@%?lsi‘fPBr@ﬁﬁf}glpg r8§ T'He substrate;
the secopgwbABRESS rindd ABBg BolMAS bpﬂhecafrrayhmesmml filatioeesypptéssing

periphery but-not along an entirety o fea
per i pher patiarpgbaipg Gﬁ@f'%r‘?ﬁ WePia %Srquﬁ\frngﬁ‘ ‘?fi' ﬁﬁiydffcfmg ?lgﬁ? p %{ h%e@ 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.

17. The radiation patterning tool of claim 16 wherein adjacent rims along the
columns are separated from one another by a distance, and wherein the individual side-
lobe-suppressing patterns extend an entirety of the distance between adjacent rims

along the columns of the array.

18. The radiation patterning tool of claim 16 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.

19. The radiation patterning tool of claim 12 wherein the two types of feature

patterns alternate with one another along the columns of the array.

20. The radiation patterning tool of claim 12 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.

21. The radiation patterning tool of claim 12 wherein the second rims are not

along rows of the array.
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WO 03/ 067330 PCT/ US03/ 02288 rotation in phase to the wavel ength of |ight
when t he wavel ength passes through the second rim the fourth rotation in
phase bei w@ d3roem3about 170 degrees to about 190 degrees rriTaw$08/02288 t he
third rotation in phase. 31. The nethod of claim 30 wherein the first and

second T eat Ut g, pal il ARl paRbARRHRE: SrRidif e (Hfleih the fi3Pand bRl Anlshe

first and second feature patterns alternate wth one another along the
rows of ateendalonyg rowsdf ieerrd@yn the first and second rins are along col ums
of the array. 32. The nethod of claim 31 wherein the first and second

feature pattepgs degn, F%';%}ﬁ’lnt&%%?% ol & PR, 12NAARsingl PqehrizMase A fehs of

the array. 33. The ne of clarm 31 wherein the first and second feature
pat t er nsphade shiftiag @yed ever Srecquaniatiese, apenegdihase shiling daver oyaidhefitshy. 34.
The neth i ey ifCRER SRSt thaBBERifting!

transpar gﬂ?éé{%@h'\?%@g e%gth@ﬁ?@%géwmég%ﬁonaﬁﬁ@yer oppg](gue tqnfghe

wavel engtdyenfantiaglopaiise mateasial eleat thr eecont @hasmhehiiting dayes fAIWHSFINN the fir st

and second featur eﬂ%ﬂ%%ﬁplgéfe%ﬂgefpgﬁ%ﬁ gf,};p HREGO8EnEd ﬁ?@hgh% ?{Sgﬁﬁlagéy:

formng a | ayer of esi st over, t opaque materi al; portion of
t he phot ehiikgdayebeiengndplasesshifiing layeie fhd epaqusdaysieanht t ern | ocation, a

second portion of Er{kﬁsecgﬁgtt@;egg%l@ﬁe ;g%fe'ﬂ% Qr%‘?ﬂ'attémfsierté{edqggg@?%er firsh | ocati on;

a third portion of e “being over a second defined feature
pattern lpbas $hifting layer, se¢angrphaspshiftingrlays, anskopaage davesiand intgdheBassyer a
second defined rimlocation; renoving the first and fourth portions of the

photoresi st tg,expapg &Wﬂ%rrﬁﬁ {dafof MRrod Wndrbm: i rst feature pattern
| ocation and secongﬁrir?n ocat 1 on; grem)vi ng the exposed segnents of the

| ayer fromthe fir $he firkims arqrattesrseirrobiieighdhrioratusays ighf it at i on; and

etching i t ohd ©iHe BREPhAGSshiffing Ber; Bhd st feature pattern
| ocat i onsg(% Ots@%(%%gﬁiﬁq%q%%éhti on of thg substrlaét e?erafter fo

_ rmn tge
openings in the fi ihasqcead ims Farakems eibad thyRughinepaghs laypy qut(% €ion,

renovi ngé&ﬁ&%@@@mﬁ% ihj¥rrd portions of the photoresist to expose
segnents of the layer r'n the first rimlocation and second feature pattern

| ocation; and renoving the exposed segments of the Iﬁg(ﬁr onm tht?fﬁnfi rst rim

| ocation and 28ecordefedipipneraligmiag ipdf gictiainyy wherein the first phase shitting

layer attenuates the light more than the second phase shifting layer.

26. The radiation patterning tool of claim 23 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.

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

providing a substrate;

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

forming a rim supported by the substrate; the rim being along a portion of
the feature pattern periphery but not along an entirety of the feature pattern periphery;
the rim being 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 being from
about 170 degrees to about 190 degrees relative to the first rotation in phase.

28.  The method of claim 27 wherein the substrate comprises a material

transparent the wavelength of light, wherein a layer opaque to the wavelength of light is
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35. The nethod of claim 34 further conprising, prior to renoving the
exposed segnents of the layer fromthe first rimlocation and second
feature pata@roa7izocati on; inplanting a dopant into the fircarusosa2sse
pattern | ocation and second rim/location. 44 WO 03/067330 PCT/ US03/ 02288

36. The el ad Qler meaél{?sﬁéﬁ"%\ﬁhé‘r iR fQRGRAL a@t@mdcﬁ%ﬁ aR9foPhed bipdi um

arseni c, "antinmony or orus The nmethod of clalm30 wherein the
substrate conpri sesfomnmaéaweapf Ph@@ﬁélé’%@\@tﬁﬂhq PRRONE VeatliRdt Afiret PerTighe,

wher ei n ghe QNﬁBreQB?Be'iﬁg to@ert%‘(?ef"(’i@?i ¢ L'?r% tt@ 1@ i IbE&Yn, A% a BEHAGRFtiGVGT the

substr at wher el feature patterns and first and
second r|tirr@pmterers@thedgbyererdﬁfmeﬁgmalopetmr of photoresist over the opaque

material: a first ngrblp oot AFnANGHAL BROBIcRRINBERLER fotlsbhtbnds | ned

feature patter n Iocatlon a second porti he photoresi st belng over a
first defhalaerintng tReture pattera lodation portion of the photoresist being over

a second defined 1 eahijifoRal Leioloh AGALLAHen M theal b g hR/ng! the

phot oresi st bei ng over sec I ned ri oca lon; renoving the first
and thir @upsiratemtvrmfantcmenmbom thedshisire paﬁeé&tmetton efdberewesirait the | ayer in

the first and secongf angqneapé m'tﬂ ?édt%ﬁo(?ﬁ[eﬁﬁec‘!éﬁ&ﬂ idovigarsed

segnents of the Iayer omt seco feature pattern | ocations;
and et chisegonchpartiomef ’@ampﬁoa&s@t t@exmme@@@ﬁn%gegmwttohweflayej tin K\edim second
feature q@éttgﬁrbr]docatlons of the substrate; after form ng the openings in
the first and 'second feature pattern 1|ocations, renoving the second and
fourth portions of remevisbdhaemssed seenegsesent eldferiavesirem thedmilagatieni n t he
first and second rim/l ocations; and renoving the exposed segnents of the

layer fromthedfir th@rﬂ@th%&%%lglm 58 WhbREPINeYBstrat8 corldists @Qééﬁﬂgll)%f cl ai m 37
wherein the substrate consists essentially of quartz, and wherein the

| ayer opatpaezianc weerginae @N@"tWﬁ%eﬁ%Ff}WVﬂﬁf‘gﬂt@If‘PVV‘e&’g‘%ﬂyﬁ'ﬁuyﬁ%"”S&m%tz of

t he subst({@heog{pg £ PEP4ib SRS o6 F%@S‘Lgﬁro,%@,m The met hod of claim 37 wherein
t he substrate conprises a quar base, a first phase shifting |ayer over

the quartz base, and a second phase shifti n% | ayer over
30. 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 a periphery; the second feature patterned being 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;

forming a second rim supported by the substrate; 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
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the first phase shifting layer and having a different conposition than the
first phase shifting [ayer. 40. The method of claim39 wherein the first
phase shiWa isgetamyer conprises nolybdenum and silicon; arrtMbs®s®22388t he
second phase shifting |ayer conprises silicon and one or both of oxygen

and nitrogen, nfléh'q[ls-gr}?tﬂ?\rlvg\?éie th I@g ﬁQ?YHME\}dbﬁg'ﬂ?p%@%ﬁou gei al is

physi cal 1"y "agai econ tin 45 WO 03/ 067330
PCT/ usos$maeam # folitie rotatignod pbﬁsezbqngﬁrgm amelt é%/mdegf@e&‘o@eaww 9h the first

f eat
eature &‘%} %a%%le{tgggﬁ%%gplgao%ttoﬁgggqageo no deeper than an upper surface of

the quar \ ening in the second feature pattern
location is extended into the quartz base. 43. The method of claim 39
wher ei n the oPbni nfjke methaskoficiaing30arigreje dunidrst anchsagead fraftyre PAIEHE 8§ ons are

ext ended, | it dt#?ov%’%cf]éol Iﬁ%éw n tHY Arbiedn CUEBRd Blallfe pafiéhshfénate

protecti ve SK' over ature pattern location and first rim

| ocat i onwitinbing endther gdong thetrpwe ofthelariay; avbwherpia the fisst apd §eGond MR A8 n
Iocatlonalgﬁglc&h Sk of Herﬁrl cation, extending the opening in the second
feature pa ern oca nd etching into the second phase shifting |ayer
of the substrate to forman opening in the second rimlocation; and
renovi ng the BRot edhe methass daimBiovharein e fist apd $@89@F%‘tﬁéﬁg?rﬂsld8catlon

and fi rsho{dlﬂg}Aa?é:ﬂr&ﬁ BRe afbther ABndBINBAInGHs Ghid Birdy, Wherein the substrate

conprises a quartz base, an attenuating |ayer over the quartz base, and a
phase shifti ngél ayer over the attenuating Ia and VI ng a _different

conposi tion tBan t e Matkad efidaiy 31wharein Jae f'r? %n%%q?a FUEIPFIRNE4 wher ei n

the a“eah@ftq% BGith?HR arfoMBR loh@In & BAURhs ofbe@raly. O, M and Al'; and wherein
the 'phase shifting |ayer conprises silicon and one or both of oxygen and

nitrogen. 46. The nethod of claim44 wherein the t he f t d
second featupé patThémﬁﬂi‘%%lftql%’ﬁ‘s%d’}’@r%'ﬂtﬂ%?lﬁlétlftrﬁ?o X n%aﬁlr%%}??ajce' (r)fS tﬁg

quartz bgggspaAdil thd WaldIeigts ONJHk,SiHsin 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.

35. The method of claim 34 further comprising, prior to removing the exposed
segments of the layer from the first rim location and second feature pattern location;

implanting a dopant into the first feature pattern location and second rim location.
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form ng a protective mask over the first feature pattern |ocation and first
rimlocation; while the protective mask is over the first feature pattern

| ocati on wedsfoerasd rim |l ocation, extending the opening i rrdinesosezssd
feature pattern location into the substrate, and formng an opening in the

second rimlogatiog, e‘t‘ﬁbde eg\ﬂ%Stv% %pan?%l%ﬁ%%s@orém%oﬁrﬁ enuating

| ayer; and rendving I've mas mover t first feature pattern
| ocat i onarsanid, antmnyrquphbmﬂ@ru&an 47. The met hod of claim 37 further
conprising, after renmoving the exposed segments of the layer fromthe

first and secgad T iy bRl GRaim/ERN RSN PLMREL AfdiREK aquEadine i1 st
feature pattern Iocatlon an Irst 46 WO 03/067330 PCT/ US03/02288. rim

| ocat i ontramar@ttmmwp\redﬁrmm pfvlehhwerele adqyar opauer torie warelengta opbight & n
| ocati OnBPoQi eEI'oR/?lt theeliB3th a‘?é; or&i tsO s Nghd LR oRP RZkIE daﬂertng%nﬁﬁi?s@”d

feature ern location Ing 1nto the substrate to form an opening
in the send)aebqndeSJw&tfmrmed la{ﬁd renoving the protective mask from over the

first feature patt r&lAPOef%%{ar?cS\} é)h e(glétro%rtrhb@ge&ﬁ@hb%'?lal ﬁarrstmﬁldﬁeéfh()d of

claim47 wherein the rise hot or eSi st . . The met hod
of cl ai mremﬁmnresuewbmwergufwg deﬁlﬁQCefeaWé?rﬁWQ’fg quaaoremead pe@gﬁehthe of the

ayer 1" BbASiS bEdh 98k HSEAREITR bOaRI. ARid AR g pREBIAR: bigmasK

over the ern | ocation an irst rimlocation; while the
pr ot ect i veerreasdcond def\wmd feﬁ’fe'ref pattern fosation: @ngatfewtmparienet 1A PhAigresistst  rim

:‘Ce);?hlrcem elhg%k/&“éFé‘&na o‘éﬂnﬁ’@&ﬁ@ iR@oh:ne second rimlocation and second

tern [ocati on; removing the protective mask fromover the
first feat ure pat t eemoving theifest andibird periens ofihe plcieresist oeXPOShe net hod of

cl ai m 49 WhQEQE Bt I8P RAMME (FAHREIsBEShRERIAHESN locations;
removing the exposed segments of the layer from the first and second
feature pattern locations; 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.

38.  The method of claim 37 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.

39. The method of claim 37 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.

40.  The method of claim 39 wherein the first phase shifting layer comprises
molybdenum and silicon; and wherein the second phase shifting layer comprises silicon

and one or both of oxygen and nitrogen.

41.  The method of claim 39 wherein the opaque material is physically against

the second phase shifting layer.
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i ndium arsenic, antinony or boron. 51. The nethod of claim49 wherein the
substrate conprises a quartz mass having a phase shifting | ayer thereover,
wherei n tW® awem3ng formed in the second feature pattern Haacesosomsext ends
t hrough the phase shifting layer and to the quartz mass; and wherein the

dopant is inp}ant i f G tern

| ocati on and Jf%t oeﬂhée&%ﬁ‘ggg?g%%??i&ﬁvgg@@g% ﬁehmﬁseco?\tggﬁﬁngﬁt%g@ipn. 52.
The et hochtioh i betenddsiltowtvetasper thhae aphgser siiate ohte| WpEE basamgnr gdgrein

nmol ybdenum and. si.l i cq ; ' Fadiaf d ernin
ool conperenngn iEaGoasardRrlit ot BB Ry R A BRSS! 2 s

transparent to a wavelength of light, and conprising a |ayer opaque to the
wavel engt h of 43.i ghThewmethadn claira 88 wWhetrinitheereningpdn thefflirgrdseedndt over the
opaque rial. . rf i I roit i a first
defi nedr%égjtr%%ﬁeﬁﬁtk{dgﬁﬁﬁ %gae :‘egﬁ?%“%%g‘%%}‘)‘%g’%& ??rqﬂ g?mféﬁggn%ﬁﬂ] %'r_esi st

bei ng over a fi r st fodwingreeprotective mesk pyaythaxfirshieatire patiaro ipcation ard Hisbt or esi st
bei ng 4r7I \C{\o %§ﬁ967330 PCT/ US03/ 02288 over a second defined feature
pattern "GCHASK, and a fourth portion of the photoresist being over a
second defined ri nwhitetieipooiectiverroadkig overdhe fivss teadia peBernteraier eNdAstof t he

phot or eslifirih%ﬁa%oﬁ,x %inrﬁsﬁﬂg?g?%@%?‘fth[e R Ly Rhiurd phtiein Hcgﬁén hepbier@gpattern

| ocati on second ri renmovi ng the exposed segnments of the
| ayer frinto theesetomdsphaseahiiiing Ipyartcé the substiaiedn fermiarserRasng 'F‘i%?ﬁ seseatli on;

after re NG th xposed segnents of the layer, inplanting dopant into
t he subsﬁ%\é{)ée]"q'f)n’ %rhqg first feature pattern |l ocation and second rim

| ocation; after inpEreoMingietndectypanask frasraverige firsbfeaBi® Ratte(A doaatipPp d
portions I%ﬁrtspﬁ Ig&%gresi st to expose segnents of the layer in the first
rimlocafion and second feature pattern | ocation; renoving the exposed

segnents of the layer fromthe first rim/l|ocation and second feature
pattern | ocat #én; ahe metlagckefiglaim 37 wherein the substrate comprises a quartz base,

an attenuating layer over the quariz base, and a phase shifting layer over the

attenuating layer and having a different composition than the attenuating layer.

45, The method of claim 44 wherein the attenuating layer comprises one or
more of Cr, Mo and Al; and wherein the phase shifting layer comprises silicon and one

or both of oxygen and nitrogen.

46. The method of claim 44 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 an upper
surface of the attenuating layer; and

removing the protective mask from over the first feature pattern location

and first rim location.

47. The method of claim 37 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
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the doped region of the first feature pattern location is conprised by a
first feature pattern configured to inpart a first rotation in phase to the
wavel engt Wwo @foevasght when t he wavel engt h passes through t reTiusSism2i8eat ur e
pattern; the first rimlocation conprises a first rimalong a portion of

t he firﬁ%lécea%h”e pattern and configured to inpart a second rotation in
phase to the wdvel ength of |ight when the wavel ength passes through the
first rim the secwhite thegreiettive maskiaaver the firegfeatwmpabieintlogation degfisks t o
about 199mq§c%'ii8ﬁ Se)&eﬁa%gntﬁg oh%niﬁ@?n thb's8bond %Bfi‘ﬁ’é BhdrR 12388 and Enhipgcond
feature pattern’l ocatl cohprises a second feature pattern configured to
i npart aintdihecubgiteae icfori mnsipepiagtin therrecard BNdegatiknoAnd | ght passi ng

through t he secondr%ng:&}i tﬂF%ﬁ%&%;mééf@r&# V&t th&HRE fe‘éfhré?_aﬁé]ﬁ%‘cah@ﬁ ng from

about 170 degrees to abou grees relative to the first rotation in
phase; aand filseriddgoadion.egi on of the second rimlocation is conprised by a
second rimalong a portion of the second feature pattern and configured to

| mart o fough 1 Ghalidibd & liASE b i GRS HacR bolpalls ven e

wavel engt h pasSes t the second rim the fourth rotation in phase
bei ng frphotatesist. 170 degrees to about 190 degrees relative to the third
rotation in phase. 54. The nethod of claim53 wherein the substrate

consi sts esseagi al Lrﬁe ﬂLethcﬂf@rciém Faribrofipshb Caftet¥ehoRRg Hecexpesddie
wavel ength is fornmed physically against the quartz of the substrate and

conpr i seseghesepltite 1a%r fromdheniitsh 88d §6cdiMo58lMer ei n t he dopant conpri ses
boron, indium  48; )03/ 6130 Rlakk HRI3hO ArBFoatab paAL®: lodibh BRA Yirstr

phosphorus. 56. A nethod of formng a radiation patterning tool,
conpri si figrlogatieni di ng a substrate; the substrate conprising a nass

transparent to a wayehRNGblche Mh8bks.ovantedipsipsdtsicatidr Bydonepadue to the
wavel ength of |ight over the nass; formng a | ayer of %Hatforem st over the

. r f g
opaque netdpgation, implantisg agiopanigRtoghe seerndSiR{asREN 31d $RAORE TAIWR a fir st
def i ned Eg@éMp&aggﬁ.tawan | ocation, a second portion of the photoresist
r-a

bei ng ov irst defined rimlocation; a third portion of tt]e a@.hotoresi st
bei ng removing the protective mask from over the first feature pattern location

and first rim location.

50. The method of claim 49 wherein the dopant comprises phosphorus,

indium, arsenic, antimony or boron.

51.  The method of claim 49 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.

52.  The method of claim 51 wherein the phase shifting layer comprises

molybdenum and silicon.

53. 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
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over a second defined feature pattern |location, and a fourth portion of the
phot oresi st being over a second defined rimlocation; renoving the first
and t hi r dmworstoemass of the photoresist to expose segnents RefT/tdve/0bmger in
the first and second feature pattern | ocations; renoving the exposed

segnents_of _th I ' d ik ocati ons;
after re?ﬁf&ﬁnsgg?%gggf){(nﬁgsf%%h%_g%ﬁ%mls%%t?ﬁ t ﬁi&?ié}gtrh éor?lgénqj(%fﬁgé)? ﬁétgiégglrt]d second
f eat ur e Ipzihg ever d serand definedrrinipeatien;t he second and fourth portions of the

photoresi st to expose Vﬁ%qﬂgﬂ];&g% fémréozt}/(g# thaﬁgwqmegi%ﬁgtex second rim

| ocations, renoving The exposed segne ayer fromthe first and
fsecondh segménie at thetey/er mfthe first &ratwe mgtteindoentiod cad sseqitkitmdocstion;he | ayer
romthe first and ri ' : ' [AlgTet: ' over
the first feature Eeéﬁ(ﬁl_gn%r}ﬂ?ggg%%egﬁ&bg%ﬁ%?frt@% ﬁ}lléﬁrcﬂgcatirg{nf;%ﬁg?ét Fe)éfwe?@rm ng
t he phot lecattinsdndsessnd rimpb@atibnng dopant into the substrate in the second

feature pattern | oc&é rkg@{)@ﬁgtﬁee%}%%geg g%’hgﬁg\%@’%;laﬁr’tit Ieé |$gt8§%rﬁ%té he

dopant, renoving t A Si st 'mass; erein: eature
pat t er n thecabsivate drotherfirst ésatarefpatistn oeattoanrandsrecord im leeatibhgured to i npart a

first rotation in S . : i RIS th
passes through theg{%%r@#agté'ﬁﬁ'ﬁ\é@o gb?%&"ﬁ%‘eﬁ%ﬁq ri mhfrg 8??6@%%15:@%8“ ses
a first phororisisntp exppses ségmerds of te layer instheffissitrioy loctianandsesaed taghiPgured to
| npart a st?cond gigrg_ation in phase to the wavelength of |ight when the
wavel engP t’hrough the first rim the second rotation in phase

AL

bei ng from about 17énalény ibesxposeshragmentDoidbg layesireraltha firsbrimdoaatient i r st

rotation_jin 8%3?%&&["@ q&%ﬂmelgcét%%oggdf eature pattern | ocation is conprised
seB0na°Y pat

by a ture pattern confrgured to inpart a third rotation in phase
to the wavel ength wherei® 03/ 067330 PCT/ US03/ 02288 of |ight passing through

the second feature patt ﬁ{endopteaqeéigliw rqﬂth'é%é’t%éiﬂré JatBRAeSathfl 8 Bomprised

by a first feature pattern configured to impart a first rotation in phase to the wavelength
of light when the wavelength passes through the first feature pattern;

' the first rim location comprises a first rim along a portion of the
first feature pattern 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 second feature pattern location comprises 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 td the first rotation in phase; and

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.

54. The method of claim 53 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.

55. The method of claim 53 wherein the dopant comprises boron, indium,
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fromabout 170 degrees to about 190 degrees relative to the first rotation
i n phase; and the doped second rimlocation is conprised by a second rim
al ong a paat3ma7sd t he second feature pattern and confi gurred/tsesiomssrt a
fourth rotation in phase to the wavel ength of |ight when the wavel ength

passes through_ the ' the fourth rotation in phase being from
about 17@'38@g,raenélgno[n§eog§§§ FHfg%):j'degrees relative to the third rotation in

phase. 57. The nethod of claim53 wherein the substrate conprises a quartz
mass havi ng 86.phadenathod of fegming perdiehet Baiiasning igebrceMPrieRE: phase shifting
| ayer conpri ses ngpél il gl nbague to

t he wavel ength cogg'l}c%(/se ?%@%%‘%mé %%gtr%%e%%nmgaﬁlgg ag}qéé(}ftgéiﬁbgr;e wherein the
doped r eghwsiength bhiight sansrmpnipsisingredlaygrapeave tq e atavelengh cfiigiioyet e quart z
substr at ﬁ‘ 39”0' wherein the doped region of the second rimlocationis
within tHe phase shifting layer. 59. The nethod of claim53 wherein the
dopant conprises bérming a lageuehphotoresisiiover thatopasws materigh adsioedion Bdo. A

met hod of__f orm - adi ati : [ iSddagnd BEBYH &F ihg a
substr at @e\/%o%gigﬁ%e{ﬁ@é\%téagﬁ%%ﬁﬁﬁ%g@%b?ﬁrg'[I&%ﬂ@i’easié%ig? t?ng_ | ayer over
t he quar pkotbmsist being everaifilshdefmed Hinf locaiipn; ayfird parien efibe phetgtesishheiBd
shifting_ layer 13V I - b i hbtofssist phase
Shi 1 ngoY ool el e B R or S P P e

| ayer; ebeihgogersa sécantd definecdrim ledationigh t he first phase shifting |ayer,

second phase shi fﬁ'érﬂgxgg@%%rﬁrst% th ohLYGhe phdtbrdsist &f op@bd €rn being a

feature pattern; the ure pagtern aving a periphery and being
conf i gur eegrhents wpthetlayerfin thetfirstandtseoend feaippattard locglions: engt h of 1 ght

passing through theehsahili : b SgnidfifioNflo fyBPRORThoAst Sfdsddsnauah ¢ he

opaque | ayer and the sec ase shifting layer, and to the first phase
shi f t i ngfdadyrepattetndosatioosid pattern being a rim the rim being along a

por ti on of the featype. nanieie BR5dBAREYBHIS Mo B} @Brthetiéianal y of the
feature pattern periphery; the rimbeing configured to inpart a second
r ot at i onseepnolfesiare pajterinocakians, ameavingthe seednd aieeiRurtih BOaNRPIEAGt h passes
through |k | 1@ er RS RstRAURGcHRPiMARAUbNsL 70 degr ees
t o about bE%Fédg'ergtgF%%@gf\sggﬁ%{sﬁ)ﬂiéﬁg%fri rst ro? ati onCi n _phase.

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

rim locations;
after removing the exposed segments of the layer from the first and
second rim locations; forming a photoresist mass over the first feature pattern location
and first rim location;
after forming the photoresist mass, implanting dopant into the substrate
in the second feature pattern location and second rim location;
after implanting the dopant, removing the photoresist mass; and
wherein:
the first feature pattern location comprises a first feature pattern
configured to impart a first rotation in phase to the wavelength of light when the
wavelength passes through the first feature pattern;
the first rim location comprises a first rim along a portion of the
first featufe pattern 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
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61. The nethod of claim60 wherein the etching to formthe rimoccurs 50
WO 03/067330 PCT/ US03/ 02288 sinultaneously with the etching to formthe
feature pwa®@roa73362. The nethod of claim 60 wherein the f@omarsosn2ss t he
rimand feature pattern conprises: formng a | ayer of photoresist over the

opague ngftlﬁhit ?Assrng; tmoijgf\ tr%o&-%:ioﬂa t&turet ‘ﬁeﬁpfﬁeqm??i'cﬁét'obi% Eﬂaé@’@éin@ defined
feature pattern |ocatlon, and a second portion o the phot or esi st bei ng
over a dibinrebdut 170 dageeas tormporetRfcdegiees relativk incibs fist retpéopRPhesesingt over

the first portion Ielaliedodalddbon i MBRI!doRibrisod bpABeBorki APCd

phot oresi st mask having a greater thickness over rimlocation than
over t healbegiaupodignat ther secood fedtane; pastels] anst sonfourre g innast @iugh retatieh et ch to
renove t i f ' [

| cavi ng. PRERLY B bienGRLRr Al nor e yERpLGNRREE frouthidhe B

phot or esttetfolitivrotaticerin phasef raingiirempdotiet 79 dagreasi tormbenipt) drgreesselgient  of

t he opaq%e,[hle%;( Siento the feature pattern |ocation to renove the

exposed segner{(fc{roz)asgﬁﬂ{e&gapame | ayer and forma first opening extending
into the feature pattern location, extending the first opening through the
second phase &Hi ft Themedlyast of claintaswherelaiiar ﬁ&sﬁfﬁte FOMARYiSed BSRG Mas&novi ng

t he phot ' : | 4 an. | | ayer from
over t nelPy1nY BEnpEe KTy erdd Bl AR B e L e T
| ocat i onmciybderwn @ndisiigon, lradfwhesein dirllayercpague e ngyeledIthdomariges f eat ur e
pattern El‘?roHﬁ&ﬁ"ELe”d through to the quartz substrate and formthe rimto
extend to the tirst phase shifting layer. 63. The nethod of claim®62
wherein the formati on of the stepped photoresist nask conprises; exposing

the first and58econble ptiqcheislaim ahehesrbiae apast regionAietqcand faatee 1 rst
portion E&g{h%}rﬁﬁoc{%ﬂgﬁ RNAfHiIrtheRftlaRg sBERARE hnbivrrélh tedqel redgiss opthet he

o e
radi atio ] ~second portion of the photoresist;
second rim location is within the phase shifting layer.

59. The method of claim 53 wherein the dopant comprises boron, indium,

arsenic, antimony or phosphorus.

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

providing a substrate which includes a quartz base, a first phase shifting
layer over the quartz base, a second phase shifting layer over the first phase shifting
layer and having a different composition than the first phase shifting layer, and an
opaque material over the second phase shifting layer;

etching a first pattern through the first phase shifting layer, second phase
shifting layer, and opaque layer; the first pattern being a feature pattern; the feature
pattern having a periphery and being configured to impart a first rotation in phase to
wavelength of light passing through the feature pattern;

etching a second pattern through the opaque layer and the second phase
shifting layer, and to the first phase shifting layer; the second pattern being a rim; the rim
being along a portion of the feature pattern periphery but not along an entirety of the
feature pattern periphery; the rim being 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 being from about 170 degrees to about 190 degrees relative to the first

rotation in phase.

61. The method of claim 60 wherein the etching to form the rim occurs
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subj ecting the photoresist to a devel oping solution, the devel oping

sol ution renoving nore of the photoresist fromthe first portion than from
the seconwo @metison to formthe stepped photoresist mask. FEA/USIB@2288t hod oOf
claim 60 wherein the first phase shifting | ayer attenuates the |ight nore

t han the_segond RN : t hod of claim60 wherein:
51 WO Oﬁ"ﬁg%ﬁ?u%@/ﬁﬁﬁgk%hgg% %o?ﬁ\gﬁ?{e?ag%re hgg@?shi fting |layer conprises

nol ybdenum and silicon; and the second phase shifting |ayer conprises
silicon and of& or Thomethot of oleing 60 wiweepim therfogeationsd thetiia ape{#pddcof cl ai m 60
wher ei n é%%"?%ﬂﬁﬁ 6jsayer conprises chromum 67. The nmethod of claim60
wher ein &"S8eond Totation in phase is about 180 degrees relative to the
first rotation i n foaing.a lagr ofhbotetasish averfthe paraHesDatgfl; aififst PAGIOR 8kt ur e

pattern fasBid STy der o SRR CORRS pNT Mo 3hi B RboRPRITOME S! des,

and wher el 0 ne rins are formed relative to the feature pattern;
the two nhe_rp(t;otmee%@ beingvaveed delimaeyim dadatiopposi ng si des of one pair of the
opposi ng sides o d ) r i wherein
the feature patter %e@ﬁgl@ S%H@Eg%’lesg O(f: Wgﬂ%ﬂaﬁmﬁﬁﬁﬁ rtﬁn rgiiag{ggi,oqg?ld
wher ei n $duend pogiondo farm & sieppatl phiciergsiat mpskakavinghe gikterthjgknesgever thg, A
nmet hod of. f,orm hadtl sﬂ?ét{s i ool , conprising: providing a
substrat%m\k%?rayﬁﬂ%nagﬁl%\%g;h%e{b%g%r Z Ergsﬂ)'g?@oarﬁfi rst phase shifti nfg | ayer over
the quartz base, assdeding thplworshist toiargetbhaipeiemeye the pROtPepISt TR QY@
SNETUT NGy ol @Yl itbnf BEaiish il ELH P FHRBRESL VBB hRTIob BN et phase
shifting l"ayer, ‘and an opaque nmatefial over the second phase shifting
| ayer; eterovagofahé phetorgsist fremroventhe igaiutenratient oealifieR®OsRp prseggentSfer
second p{p}%soﬁjaqggig Li.ng | ayer, and opaque |ayer, and into the substrate; the
first pa n-pei t¥g '‘a feature pattern; the feature pattern having a
per i Iphery and bei ngtobingfintg thesigatuse pajieipdocgtion tostemovetha PMesethspHBRE to a
wavel eng £l i ; o E ] \J8tigh: Second
pat ¢ or n_PhrS egrt ey S 188 o SR 08D ReRE Y o R R, pluIdRetich

extending the first opening through the second phase shifting layer;

after extending the first opening, removing the photoresist from over the

rim location;
removing the opaque layer from over the rim pattern to form a second

opening extending into the rim location; and
extending the first and second openings to form the feature pattern to
extend through to the quariz substrate and form the rim to extend to the first phase

shifting layer.

63. The method of claim 62 wherein the formation of the stepped photoresist

mask comprises;
exposing the first and second 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.

64. The method of claim 60 wherein the first phase shifting layer attenuates

the light more than the second phase shifting layer.

65. The method of claim 60 wherein:
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being a rim the rimbeing along a portion of the feature pattern periphery
but not along an entirety of the feature pattern periphery; the rimbeing
confi guredam/iemsart a second rotation in phase to the wamlesvgoiesef |i ght
when the wavel ength passes through the rim the second rotation in phase

bei ng from about ]ngilgsqghggess@ﬁngggy q]r#&rlsgsga{dmoﬂen&ﬂaﬁdéﬂﬁoﬁoaﬁdhe first

rotation in phase ein the formation of the
rimand feature ;Iamseccmcbm'rqselswtmg laysr gomgrised &WWW@P’@S@ st over the
opaque mater| aI % LI st portion of the photoresist being over a defined
feature ?Hp?%?ﬂ ["6C4r"on, and a second portion of the photoresist being
over a defined rimlocation; 52 WO 03/067330 PCT/ US03/ 02288 redum ng a

t hi ckness of @&the phua meteidsf ctaing 0 wherdin thetopsare layer FeNaisesEHiBNMMe second
portion to forma stepped photoresist mask having a greater thickness over

the rimlocagon H@ﬁeﬂ‘n\()%rofuéﬁn%@%h‘él;é?n Rl dRbAd t Q&N iRPhaseiiBjeeli Ng the

phot oresi st to ‘an etch to renove the photoresist fromover the feature
pat t er n 18@degress refitive td hairsigotetien iptbese.-esi st over the rimlocation, the
renoval of the photoresist fromover the feature pattern |ocation exposi ng

a segment of g4 he ?Iﬁ)@%ﬁwddaéf%ra’lm%b%me@n !H@@a’@uﬁ’@pétﬁ#h WaS aRadthedumarl ocat i on

to renove the exposed segment of the opaque |ayer and forma f| rscf) openi ng
ext endi nghapatoompieing déwe paiEs pkeRResRg IS@@Q»‘t@Q%Whe@b@tté’ﬁ(ﬂf He TRRaE PERe%peni ng

t hrough' retlgif\? d fretre 0 W%é’%l‘ﬁn§ Beihg b%/ldéd%i&f@b&ﬂ@ﬁpéﬁnﬁg sibes of

substrat €; Fter exten I ng first opening, renmoving the photoresist from
over theonepaﬂofdbappmﬁmgawde&‘r@friber%artgﬁl@féb%fzﬁ;e | ayer fromover the rim
pattern to formthe rim extending through the opaque |ayer and to the

second phase 5%1' ftTﬁQMe@Wocha?m 6_5%91?@h|ﬂﬂﬁfeafur§ battéth haswhepe n t he
formation of t

e stepped photoresist, mask rjses o] t he first
and secopeMpising @ﬁ%"%'ﬁy @fr?@%hé'ﬂ%\"’@%re@tth?'@ I® QB n‘g} *Oérﬁed taﬁ)é‘g aﬂelag} ons?tion of
t he phot gjegist being exposed to a different dose of the radiation than the

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

providing a substrate which includes a quartz base, a first phase shifting
layer over the quartz base, a second phase shifting layer over the first phase shifting
layer and having a different composition than the first phase shifting layer, and an
opaque material over the second phase shifting layer;

etching a first pattern through the first phase shifting layer, second phase
shifting layer, and opaque layer, and into the substrate; the first pattern being a feature
pattern; the feature pattern having a periphery and being configured to impart a first
rotation in phase to a wavelength of light passing through the feature pattern;

etching a second pattern through the opaque layer; the second pattern
being a rim; the rim being along a portion of the feature pattern periphery but not along
an entirety of the feature pattern periphery; the rim being 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 being from about 170 degrees to about 190 degrees

relative to the first rotation in phase.

71. The method of claim 70 wherein the formation of the rim and feature

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

the photoresist being over a defined rim location;
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second portion of the photoresist; subjecting the photoresist to a
devel opi ng solution, the developing solution renoving nore of the
phot or esi ®t0 @3roem3vhe first portion than fromthe second PaTYUSHB/02288f Or m
t he stepped photoresist mask. 73. The nethod of claim 70 wherein the first

e o 31 1B A B D Ry s

shifting |ayer. _74. ne . wher el first phase
s E! ]1: E i ngse{cayé podtiony fosres: steppasdehetoresisidnash haying; a aregter thiekneee 6¥Rf thhase
shifting, er. ¢ ri s or both of oxygen and nitrogen.
75. The rﬁ@?‘%cgao%ﬁ’%@lOgéfnﬁ?gé%%%t%ﬂflﬁg&go&que | ayer conprises chrom u?n
Igb '(Ij'he met hodl of sibjdating thewreteiesist thenssdviodemovathephatereppidsdm c¥eabout
~degrees_rel at iy i nst j i ; t hod of
ol ai m 7ongARTHEPARD '?g%ftoﬁsveﬁ"ﬁé‘?%vé@Ei’@B%rér‘%étegﬁétﬁ fiTiogd R, B 08 ot
PCT/ USO3/chiR@Bof thé pipstoresispirorsiavgr thadegieaerzatiefn lopatiesi exgosing esegmedt dher ei n
two of t e Jioe %rer_formed relative to the feature pattern; the two rins
bei ng pr R b émg bot h opposing sides of one pair of the opposing sides
of the rectangul ar eishiaginto & fe@itue paitdro thoafiorciogiemove thghexnosed se@mertat ur e

pattern h a shape ¢ j Sl : LIy i L i
o i m 1B e gPanGg e Ennaas]  Bfes Bpfity Bleehoing s b SBauisibattieicgafid, 18TC S
radi ati on patter ni egetdiog thedostmpesingghropglothedirsigang segprd plase shiffirth i ncl udes

a quartz, base, a fi rs% b%ngfeﬁ shifting |ayer over the quartz base, a second

phase sh‘af"?risr@dl"&tﬁéﬁje Ver e first phase shifting |ayer and having a

di fferent conposi t aiter extemdirightbe first spenihggemsying thergpaterpeist fram@veiihe opaque
mat eri al over ,[.t h_eans cond phase shifting layer; etching a first pattern
through TAd°f31P8t2hase shifting | ayer, second phase shifting |ayer, and
opaque | ayer, and remavirightbeopbgte @yer, frarheverthe rimpratiest i BT i HMf i r st

feature ttern:; ir ; _ g _
cont | gur BaehSh0 b bk Rhad Rl SR oA hace SufifgBRETY Anc OF oD

passi ng through the feature
72.  The method of claim 71 wherein the formation of the stepped photoresist

mask comprises;
exposing the first and second 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.

73.  The method of claim 70 wherein the first phase shifting layer attenuates

the light more than the second phase shifting layer.

74.  The method of claim 70 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.
75.  The method of claim 70 wherein the opaque layer comprises chromium.

76. The method of claim 70 wherein the second rotation in phase is about

180 degrees relative to the first rotation in phase.

77.  The method of claim 70 wherein the feature pattern has a rectangular

53



pattern; etching a second pattern through the first phase shifting | ayer,
second phase shifting |ayer, and opaque |ayer; the second pattern being a
second fewtouB@e7sattern; the second feature pattern havi ngpca/ysesiopisery and
being configured to inpart a second rotation in phase to a wavel ength of

|'i ght passing thr. ) ro. ; ' ' h
bei'ng 1 rSPRBIENSHE e PbGpB e i pictEin3RE W e M ShieRtd PRet
r(ﬁft a’a i onrelativp hathe feattichpatigrm thaiwodimpabeiog pravicesialeng beth opeefirg $idseet t he
third pattern | N [ e | m bei I [ f
the fi rs?nef%adrt?tﬁée g%&sé'{%&g%%sréfﬁ eFf%&LlaﬁgbaﬁééPongl 22 2n?in?e?ypg1[tltﬁ2 19i rst

feature pattern periphery; the first rimbeing configured to inpart a
third rotatiof8.i n Phasethad of glaimd0evhengjp thefeailirg Retieif &as erfdaR@ivel engt h

passes to&é&fe%%a%E@{afliityflﬁgeid(;égnbné \Wﬁerrel'?'j thérd iQ%@trf'n?fbn.?Bd B3R @t RAET¢hd sfom about

170 degr(_é ' grees relatirve to the first Fotation in phase;
and et chinegidesf ourth pattern through the opaque |ayer and the second phase
shifting layer, and to the first phase shifting layer; the fourth pattern

being a secongyri nk.r%%;rngd 8ﬁfgﬁﬂiﬂ8{airﬁgi GorFattdrAn _t@ol,%Hﬂr@i{ﬁﬁ.Of the second

feature pattern periphery _ pnP an entirety of the second feature
paz tern per |§£ery; poivislingee sufestratenwieh igludes araugiz ase. ¢ firpikrese ghifthgr t h
rotation : th& fi

4 Aoy asses
througn PR 8RB A e e oo B o 170
degr ees lagerrulhavirgos difigrest scompositianiban thetfiiat phage shiftingtlasT adiad phase. 54

WO 03/ 06 P . f claim79 wherein the
formati O%&%@eﬂ%{e iﬁ%gep&%%%g%@pwa}%%h ed;ltg_g?r"e) pattern conprises: formng a
| ayer of phot or esi stchingex firstratiepniruahdhefiishphase shiftiag layeh FPERNAGNase he

phot or esgﬁtﬁng?éﬁg, é?]ﬂedgagHg%g/bﬂ%ﬂd firkth e SRRl IRANEQIaRerOseMd st and a
second portion- of the photoresist being over a defined first rimlocation;
r educi ngfeaturbipeiterasthedirstiertuisstiornekawding aparpheneand peing pBRGUER tPel ative to

the  secnshPOfilst Rl if Bhildto™d FARRShGMIEH RIEBhSind Midughand fituie O eat et

t hi ckness "over the Irst rimlocation than over t first feature pattern
| ocat i onpatégrbj ecti ng the photoresist to an etch to renove the photoresi st

from over etching a second pattern through the first phase shifting layer, second

phase shifting layer, and opaque layer; the second pattern being a second feature
pattern; the second feature pattern having a periphery and being configured to impart a
second rotation in phase to a wavelength of light passing through the feature pattern;
the second rotation in phase being from 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 opadque 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
corifigured 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 second rotation in phase.
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the first feature pattern location while |eaving the photoresist over the
first rimlocation, the renoval of the photoresist fromover the first

feature pwa@roa7d3ocati on exposing a segnent of the opaquerdTaysesio2agchi ng
into the first feature pattern |ocation to renove the exposed segnent of

the opa | i i : L, .
1o f%ld:].a@%@%ﬁ{yﬁgf%ﬁferﬁ??%%mlﬁ‘ﬂweﬁﬁrﬁ&f@nr&tHé‘ﬁr@tﬁrﬂ%nﬁ'ﬁl‘s‘it feature

pattern | oca ' . rst opening through the first and second
phase shiehturempattdragemprisasd i nto the substrate; after extending the first

openi ng, renoving : i | iaff b ibhep; and.
renmoving the opaqu@n’ﬁggre%‘%%@?npgétgr&%ﬁgQ%ﬁpesE)B%lurﬁ I;r)]étt%pglr' ﬁﬁdéggg'ﬁ"?n@f he first
Ir i m ext gmdlp_?ﬁtdréaisjlbghngtdver apatines liraifeatueaentiesn tosatieo @HA@ SFRAREPYHR t i ng
ayer. t . ' rel .formati on of the stepped
phot or esf]’TstPepErgcg Sggﬁ%'%s?gé@ g%(%%ﬁﬁ% rﬂ@cé@ét and second portiongpof t he
phot or35| st to radieduciog a thicknessiaf §te photarpgist er thedirghwrignesladive i9dhag
exposed to a differepnt do di at i : : pon of
The. phot BTEPEPTiog B AP PP e e e g R o e The
devel opi gt rimddaztion thaneavev thedirstdeatuss patties lohatiadk esi st fromthe first

portion than from tHﬁbj?%ﬁgSﬁgﬂgﬁgfe%isfﬂeatrfetér?{ﬂe%e$ﬁ§ﬁm9r£@%%%%éﬁt mask.

82. The method of & ormation o e second rjm and
second fE@tﬂnstéclaquartetpmt’uerrcbu@tidnS\@Mte lbaving ihg Photosgaist aver IIRAFSrEsPedtiodver t he
opaque terial:

fl | e&hst i SO defi ned
second f trgpwgv%ﬁ{hgéﬁqﬁcg%%ﬁ%ﬁﬂ Og%rcfhéh%é?c%ﬂ}dg pgtg%‘?]ilg%qlgg gBtX he pgr%ltoresi st
bei ng oveegraerdef theagpagvetayer;ri m | ocati on; reducing a thickness of the

phot or esi st over t I 1 | 330
PCT/ US03/ 02288  se %ﬂ@‘%@%’t"ﬁ%ﬂ&k @F%‘?ﬁé’ﬁ&%ﬁzﬁﬁ”ﬁ? \eﬂ%_g’gdor@rggk having a

great er bhgrofmes theopmaue hayer sed tomoh & firs oRsoig fendingintoviee fitshiealig@ ond
feature 5%%'(3'&%# cation; subj ecting the photoresist to an etch to renove

t he phot I(?dm over

extending the first opening through the first and second phase shifting
layers and into the substrate;

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

removing the opaque layer from over the first rim pattern to form the first

rim extending through the opaque layer and to the second phase shifting layer.

81. The method of claim 80 wherein the formation of the stepped photoresist
mask comprises;
exposing the first and second 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.

82.  The method of claim 79 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 a defined second feature pattern location, and a second
portion of the photoresist being over a defined second rim location;
reducing a thickness of the photoresist over the first portion relative to the
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the second feature pattern |ocation while |eaving the photoresist over the
second rim location, the renoval of the photoresist fromover the second
feature pwa@roa7d3ocati on exposing a segnent of the opaquerdTaysesi2agchi ng
into the second feature pattern | ocation to renove the exposed segnent of

t he opaque | aver a e ' : i | f eat
pat t or n SRl do B e B R e e ase
shi f t i ngetanderm locafivrethaeaventiersgconttiehiure paiggie McadoN:r enovi ng t he

photoresi st from °V§fegtﬁ¢§et8eja‘ﬁ8%’?é’s}iégit§‘8h%%ttb?élho@tﬁe\{)haﬂarééi&fr@m | ayer

fromover the secon _ attern t rma second opening extending into
the secamelsedomdlfeatatsi patiermalndationtvéiigileryincige phpioresiyl @Veidbs S8BT ngs to

for m t e, seeond.{ SaL 6 BRHLEHILL R (At UHA ok elphReMatdiens UDSL f at &

and for 0 'exten o t I rst phase shiftin
f ) _ g layer. 83.
The et hexgosifg alsegmeBiohieopaquetityerf or mat i on of the stepped phot oresi st

ok COMPI1 9€S: XA A8 <okl 130 BRI bRk (BN tidegalbal or eoi st

to radiation, the portion o ot oresi st bel ng exposed to a

d.h f f er enfegAeseoithe bhaqueddyertandriotmna first hpenisg exanding inte Hie seroptieature
photoresist: subjecting the photoresist to a devel oping solution, the

devel opl%stehk@i:%hnc)n renoving nore of the photoresist fromthe first
portion than from étendierctbadirstppening througit beseeens Riasp SEHINSHBYST esi st mask.

84. The nethod of {e?igggtezginygg%ﬁjgﬁ?ﬁég@%%mﬁ eWholdrssidtitfoht ovep@iair €

pattern and second ure _ rises:” formng a patterned | ayer of
phot or esdesbnavierlotdtienppaque nmaterial; a portion of the photoresist being

over a defined SeC%%%VTngg%%ééégﬁfeﬂ%@ﬁqﬁm%riﬂ%k"ed%ﬂa rith p&teih REdimh ar st

feature | ocation .bEI ng € 1 an opening in the patterned
phot or essezbnd wheéniey extenging tnde thedseghiod Bindagadion; rs the second feature

pattern | ocation, U @‘i ' LMFRmRAL KBEdhd 1esad on to
renove a segment o?)&%ﬁk:lde?rwoSgg%%npgégédogéﬁfnir@r@m&g ;‘]nF[rsT'ts %dg]er:i naie t endi ng
i nt o t hepdtiansto éxeridiheought therguasig subgirate and form the second rim to ex enOi( to

the first phase shifting layer.

83. The method of claim 82 wherein the formation of the stepped photoresist
mask comprises;
exposing the first and second 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.

84.  The method of claim 79 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;
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extending the first opening through the second phase shifting layer; 56 WO
03/ 067330 PCT/US03/ 02288 after extending the first opening, renoving the
phot or esi ®t0 @3roem3over the second feature pattern | ocati oreCTeswo2asg t he
opaque | ayer fromover the second feature pattern location to forma

second openi ng Xt Ga0LABNARK Bd 1S SERRRSIRANN e bSeRIMTORSLePHieend) no

the first opening seco ase shifting layer and into the
subst r atsecoid featies pettetnieratibes second openi ng through the first and second

phase shi {1109 | ayers B Soddif AP0 tiPecchhs RIOcOh (odaon 79

wherein the first sevs er attenuates t ight nore than the
second pbasen sbéddndropehimgenxtengihg iMhdhereedend fedtuiel lagatirrBnther ei n: the first
phase shifting layer c LS ; BdeSbid RRe shfthg 1hjxe ahacond
phase shifting |ayeéile'b°g’§${hf*§'§5§ oE%n?(QﬁﬁB%%dﬁonee or botﬁsof gox{/tgen and

ni t r ogennioie siitatratewhitelexdéndingihm seooncthenaning thiruighiar;iirst 226/88C0R8npr i ses

chromum, 88 . The nmethod. o i 9 wherein the first and second feature
patternspi}fthShgltﬂgj%%aaP tor%'ﬁ/gshgﬁggt%ol ums; wherein the first and second
feature patterns alternate wth one another along the rows of the array;

and wherein t$@ fiTis¢ matiddsécleira 70iwnerein the fipighgse shiflingdaver afigbales ay.  89.
The net hod .of cl ai ' idSkyénd second feature patterns do

not alte ﬁéfg@%)tHﬁ%rﬁ%e\é%g{)rﬁdeéh%%%ﬁgwieycoI ums of the array. 90. The

met hod of claim88 wherein the first and second feature patterns alternate
with one anot8@r alo:gethod of slaimd9 véereifie array. 91. The method of clai m 88

wherein the first gt5epa0dshifAbRr BahbRIATEIgoddia &ld Aicas snai th one

anot her al ong the colu “array, wherein adj aceCGc% feratP'tg]ref patterns
al ong the col ums thesesephphasedhifinthiaperecanviete piligrn apaRG YO ©'and wher ei n
the rins irety of the distance between adjacent feature
patternsog{ggﬁ%q ﬁgroﬁgh] ums of the array. 92. The method of claim 88
further conprising formng a plurality of

si de- : .
87.  The method of claim 79 wherein the opaque layer comprises chromium.
88. The method of claim 79 wherein the first and second 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.

89. The method of claim 88 wherein the first and second feature patterns do

not alternate with one another along the columns of the array.

90. The method of claim 88 wherein the first and second feature paiterns

alternate with one another along the columns of the array.

o1. The method of claim 88 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 wherein

the rims extend an entirety of the distance between adjacent feature patterns along the

columns of the array.

92.  The method of claim 88 further comprising forming a plurality of side-

lobe-suppressing patterns between adjacent rims along columns of the array.

93.  The method of claim 88 further comprising forming a plurality of side-

lobe-suppressing patterns between adjacent rims along columns of the array; individual
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| obe- suppressing patterns between adjacent rins along colums of the array.
93. The nmethod of claim88 further conprising formng a plurality of side-
| obe- suppwesmioage3pat t er ns bet ween adj acent rins al ong col wroTsUSHB/OLIsE arr ay;
i ndi vidual 57 WD 03/067330 PCT/ US03/ 02288 si de-| obe-suppressing patterns
bei ng bef. I lurhiEofithdbMbgual

si de- |ob%'¥}§?°3°§rséusp?i;e%%ﬁa‘{ [t%rrn%sb% &%%ﬁdﬁ%ﬁ% ﬁltsgglé@yé)tue t he vvavelgngt h
of 1|i ghtthbyncumdmlasmebiobempme@mrmsattamsitb@w cayigutrstip selgte tbp Raveleng® t he
rotation Y fo $ie96tafbn ifarted

i ndi vi dugi! I@?@%ﬁﬁ@bag%gt JP?OJJI Qésl%aéa{opggdsﬁggé@& I%Leﬁlbé’ Oﬁ;h afion Inaried

wher ei n mdhad:gmtbyrthemrmlmr@thehsdegf ihairdivdual isisle-labe- awme@lmﬁte&m%d from
one another by a distance, and wherein the individual side-

| obe- suppr essipig p%ﬁé%&ﬁo@éﬁl I‘ﬂr érgn%;a%@ﬂt ﬁﬂsﬁﬂhb'ﬁﬁé%hﬂﬁﬁ Bﬁhg' stance
between adjacent rins alon ums o e array. . The rret hod of

cl ai m 93amhear sepadjted Fom qmmomeohgatdﬁa@& anghwherein the lndi‘t"@“éa}s

separ at e Bikirahyt fd bR w&wv;bﬁual si de-
Iobe-supg)rbgssg’%'%Iggl g;&gﬁtg@ég?é’ef ?Bgﬁé?%@n%r? e>|<t nd an Ientlcrety of the

di st anceadliateweims aldp@thercoluninssof feaget he col uims of the array. 96. The
nmet hod of claim88 wherein the first and second rins are not fornmed along

rows of the apEay- TRE method of claim 93 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.

96. The method of claim 88 wherein the first and second rims are not formed

along rows of the array.
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