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TITLE, OF THE INVENTION POLARIZED RETICLE,
PHOTOLITHOGRAPHY SYSTEM, AND METHOD OF FORMING A
PATTERN USING A POLARIZED RETICLE IN CONJUNCTION 5 WITH
POLARIZED LIGHT BACKGROUND 1@ Field of the Invention: The
present invention relates to the design of reticles used in
photolithographic processing of substrates such as semiconductor wafers.

More specifically, the preﬁﬁﬁﬁlon relates to reticles having a layer
of a polarized material an Q ticle usmg

polar ht t e a high resolution |ma eona hotoreS|
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billions of circuit patterns o] afer or other bulk

semiconductor substrate using photolithography in combination with
various other processes. In order to increase the number of memory cells
on semiconductor memory devices for a given surface area, it is 20
important to accurately control th@éﬁl@ﬁ%@&&ﬂﬂon of the images
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structural Téatures on a semiconductor substrate to fabricate the
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material, such as a photoresist, sensitive to photons, el |ons In
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|nggg tgridgpt light. The image from the reticle or mask is
projected onto a photoresist that covers a semlconductor Wafer or other
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implant’steps in between At a glven step, the photoresist is selectively

cheftsason Bsingle wsHricendusion vaferon 9%&%6@@9@@%@%& asing
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whether a positive or negative photoresist is employed. A complex device

typretiey od mspreerneatlp rnssprcendustis ey slenapessfopa given surface area, it is
important to accurately control the optical resolution of the images produced during

photolithography. These images are used to define structural features on a semiconductor
substrate to fabricate the integrated circuitry of such semiconductor memory devices;

' _ Photolithography is a process in which a pattern is delineated in a layer of
material, such as a photoresist, sensitive to photons, electrons, orions. In
photolithography, an object containing a pattern (e.g., reticle or mask) is exposed to
incident light. The image from the reticle or mask is projected onto a photoresist that
covers a semiconductor wafer or other substrate. The photolithographic process typically
involves expo'sing and developing the photoresist multiple times with deposition, etch,
and/or implant steps inbetween. Ata given step, the photoresist is selectively exposed to
photons, electrons, or ions, then developed to remove one of either the exposed or
unexposed portions of photoresist, depending on whether a positive or negative
photoresist is employed. A complex device typically requires multiple exposure and
development steps.

There are three predominant conventional photolithography methods of optically

transferring a pattern on a reticle or mask to a photoresist that is coated on a substrate.



There are three predominant conventional photolithography methods of
optically 35 transferring a pattern on a reticle or mask to a photoresist that
is coated on a substrate. 2 These methods are contact printing,
proximity printing, and projection printing2Gurrently, projection printing is
the most frequently used type of photolithography system. Referring to
FIG. 1, a conventional photolithography system used in projection printing
|s shown Photolithography system 100 includes illumination controller

are eoRtgckptinhing aoxisviy panting fanppoojectioy pyinting.
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peripher Ire ion 2Q2 as sh wn |n‘6tJG 2A. FIG. 2B i ‘H‘PSU&% View 0 d
single array érgn Sﬁﬁ’éﬁ?n uctor

redeviieg mﬁg@@%ﬁm@rﬁﬁ;ﬂﬁ flnet arewrtﬁmeﬁre%maﬂﬂtﬂﬁ aﬁﬂpk@iah of the
reqio. of,reticle 2 have dlff ent patte s For instanc e ar.
re%%ﬁ%ba m{gy c%ngaln Bpe perlo AR uﬁ‘“ﬂﬁ% %%é@i&s This
thprphiﬁphﬁlpdmngnm' 19 eﬂmymnmm&m patiets thofotiged siithkgshotoresist
or Iar er sro osal %%erh?%r ttern ev Pg i
nORpENBAICT p Attera. in conv STB 8 8&%@"3{“ ?&Fﬁ) g light source
patsed) arriessh Wmﬂe@@m&mﬁ&%a&:ﬁpﬁs&m&r@ region 204 and a
|IIum|n sourc the same. ti WE r?ﬁe ptimal illuminatio
co?r%?oﬁaﬁ’]r e érariay réélg‘ﬁl ?ﬂglﬁegger%ﬁe eaﬁrbqwargﬁlgggle array
region 204 surrounded by the peripheral region 202. Again referring to FIGs. 2A and 2B,
the array region 204 and the peripheral region 202 of reticle 200 have different patterns.
For instance, the array region 204 may contain a periodic pattern with particular
dimensions and the peripheral region 202 may contain a different pattern having a smaller
or larger dimension, possibly a different periodic pattern, or even a nonperiodic pattern.
In conventional photolithography, the peripheral pattern and the array pattern of
the reticle are exposed to the illumination source at the same time. However, the optimal
lfumination condiﬁons for the array region and the peripheral region are not identical.
The term “ilumination condition” as used herein should be understood to include the
distribution of anglee of light used to irradiate the reticle and the total intensities of the
light in those angles. A relatively tightly spaced pattern characteristic of the array region
typically requires illumination by a circular annulus of light at a fairly steep incident angle.
A relatively sparse pattern characteristic of the peripheral region typically has its optimal

illumination conditions when using a single plane wave of incident light. Thus, each

region of the reticle has particular illumination conditions such as depth of focus, dose and
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The term "illumination condition" as used herein should be understood to

include the distribution of angles of light used to irradiate the reticle and

the total intensities of the light in those angles. A relatively tightly spaced

pattern characteristic of the array region 36 typically requires illumination

by a circular annulus of light at a fairly steep incident angle. A relatively

sparse pattern characteristic of the peripheral region typically has its

optimal illumination conditions when using a single plane wave of incident
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DISCLOSURE OF INVENTION

The present invention, in a number of embodiments, includes polarized reticles,

methods of manufacturing the polarized reticles, photolithography systems utilizing such

- polarized reticles, and methods of using the polarized reticles to produce a patterned
image on a photoresist. By using the polarized reticles of the present invention, a single
reticle having a plurality of pattermned regions may be exposed to light under optimum
illumination conditions for each particular region. The present invention may be used in
photolithographic processing for fabrication of semiconductor devices, liquid crystal
display elements, thin-film magnetic heads, reticles, and for many other applications that
require accurate photolithographic imaging.

In one aspect of the present invention, a polarized reticle having at least one layer
of a polarized material is disclosed. The polarized reticle includes at least one first
patterned region at least partially surrounded by at least one second patterned region, each
region having different patterns defined thereon. A polarized material may be disposed

over at least a portion of the first patterned region of the reticle and a polarized material
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image on a photoresist. By using the polarized reticles of the present
invention, a single reticle having a plurality of patterned regions maybe
exposed to light under optimum 25 illumination conditions for each

particular region. The present inventiorr fay be used in photolithographic
processing for fabrication of semiconductor devices, liquid crystal display
elements, thin-film magnetic heads, reticles, and for many other

applications that require accurate photolithographic imaging. In one L.
aspest dispusarosenatiteashtiportiopolffizedomitnttamadg egitm sTanpolarization

layer. .30 olarized material is disgl ' iclad
i R e e T R e A
dhepRsantipatireotion efihe petmivediateriahoimthe terad patieamedregion.
defined thereon. A polarized materi ay be dis
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_4_ may beodispesedivftheptesaitanvention, afghetalithogrpiatsysten is disclosed.
region. The polarization_ directjon of the, polarized material on fir
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PRlazedisasEob oA H ihaedenibpnsiieteeddeaspfor dtethpidsadasebnipytheysed to
the polarized reticle of the present inventigp are also disclosed. 5.In
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disalesrd retior: B aie iiheaieiveiciam e ilieaiaatitn stmato The movibie

operably coupled tq an illuminatign source. An illumination source uc
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”l?%ﬁ%ﬂﬁe%ﬁ%ﬂ%&%ﬂﬁﬁﬁgﬁdﬁﬁu@ﬂmﬁnﬂﬁdn@uﬂdﬁmsw
of the pregsent invention and the illumination source. The movable 10

h&- tpolarizer is positioned and configured to alter the polarization

directionafifithéokipberoftie prestinatioentiony aensthed dfexisidpardtice to light is
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Sic{)%’lg'ri]zd rgt?gllé%igaej Jehgxf)%geﬂ %gigg Hﬁ%ar polarized light from the i]lqmination source.

| The linear polarized.light may be filtered by the polarized reticle from exiting either the

first patterned region or the second patterned region of the backside of the polarized
reticle. After one region of the reticle is exposed producing a pattern on the photoresist,
the other region of the reticle may subsequently be exposed. Utilizing the polarized
reticles of the present invention enables each respective region of the polarized reticle to
be exposed under their respective optimal illumination conditions. Thus, a single reticle
may be used to expose multiple patterns using optimal illumination conditions for each
respective pattern.

In yet another aspect of the invention, a method of exposing a reticle to light is
disclosed. A substrate having a photoresist disposed thereon is provided. A polarized
reticle of the present invention is disposed between an illumination source and the
photoresist on the substrate. The reticle includes a pattern thereon having at least one first
patterned region at least partially surrounded by at least one second patterned region. The
reticle may be jrradiated with linear polarized light from the illumination source. A region

of the pattern may be selectively projected onto the photoresist. The polarization direction
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polarized reticle maybe exposed using linear polarized light from the
illumination source. The linear polarized light may be filtered by the
polarized reticle from exiting either the 20 first patterned region or the
second patterned region of the backside-éfthe polarized reticle. After one
region of the reticle is exposed producing a pattern on the photoresist, the
other region of the reticle may subsequently be exposed. Utilizing the

polarized reticles of the present invention enables each respective region
o?ﬁ%e&amqi%mt bradiated Somfhe illpasinatiopaomvecapayithen be altered by
apipioRiingtelo AEkHBN Ao ToNS TS| . . .

multiple &atteSrPns usinge%ip?timﬁ%ﬁﬁrﬁﬁation%%?ti@n&%@ga%) Q%ﬁ)qggﬁ%c’fthe
pB_ . R?éhﬁﬁgm@eﬁbect of the invention, a method of exposing a

reticle torTigb featisedOs®rhnth S0 SHA A I3 BLPAP AR HRBR5E ention will be

thereon is provided, Aépﬁ)plarized reticle of t ent invention 1S

draRsLent inthpse itheaars from a considenstiog 0 ftho tllsieingdetailed
su@g&%ﬂ' &éﬁ%%ﬁﬁiﬂ%ﬂﬁ%%%&%ﬁ at least one first
unded™by-a

, : WIngs,
patterned region at least partially surro ast ong second
patterned region. The reticle may be irradiated with linear polarized light

-from the illumination sogm%gwﬁr&;t selectively
The polarization

projected onto the photoresist. irection -5-"of the linear

polarizeddithordranngsdihish ilsttatewimtidscamently congitiveedte btthiebest mode

byopw%m?m@m@a&%grees followed by selectively projecting the

other region of the pattern onto the photoresist. These features,

advantadidS: dillustatesa venvsptionalgphbielittesemtipegstinn will be 5 .
apparenmh%fs%%}{wmlr PATY o601 eecf%tli%]e%f e fo o‘c\zl&i)?gabﬁcation

detailed descriptiontaken in combination with'the accom?olglncﬁ%

diadistE e serarbnadphenit regions/ INGS In the drawings, which
illustrate pybabis umemi SANFILCISS AE R SR f@%a{%?&. 2A.

PR

out the.invention; FIG.1 illustrates a conventional pho ol ograp

system. FIG: 24 ilustrtes ypdanorieransithe teptiviefacseof mpiblarized reticle according to
s%%ﬁg&ég@gﬁaﬂon industry including array and peripheral regions.

FIG. 3B is an enlarged plan view of a portion of the polarized reticle shown in
FIG. 3A.
FIG. 3C illustrates a sectional view of a polarized reticle of the present invention,

FIG. 4 illustrates an exemplary exposing system used in conjunction with the
polarized reticle of the present invention.

| BEST MODES FOR CARRYING OUT THE INVENTION

The present invention, in a number of embodiments, includes polarized reticles,
methods of manufacturing tbe polarized reticles, pho;tolithography systems utilizing such
polarized reticles, and methods of using the polarized reticles to produce a pattern image
that may be used in the processing of substrates. The present invention may be used in
photolithographic prdcessing for fabrication of semiconductor devices, liquid crystal
display elements, thin-film magnetic heads, reticles, and for many other applications that
require accurate photolithographic imaging. The present invention may employ
step-and-repeat or step-and-scan type projection printing, or other similar systems.

Referring to FIGs. 3A-3C, an exemplary polarized reticle 300 is shown. Polarized
reticle 300 contains a reticle 301 having a pattern defined thereon. Reticle 301 may be
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FIG. 2B is an enlarged plan view of a portion of the reticle shown in FIG.
2A. 15 FIG. 3A illustrates a plan view of the top surface of a polarized
reticle according to the present inventiog. FIG. 3B is an enlarged plan
view of a portion of the polarized reticle shown in FIG. 3A. FIG. 3C
illustrates a sectional view of a polarized reticle of the present invention.
20 FIG. 4 illustrates an exemplary exposing system used in conjunction

g&ﬁg}%@ ahizef s Uals af e RIS JRYGRIRR (RS FA¥tRER 6Q8icle 301

OUT THE INVENTION The present invention, in a number of
anayduiefiovtsdinsingoasiong andietchinig techmiqnes somusninphitalithoggohy

the polarized reti ' llizing such polarized
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image thailinstydbed isEIGnIAe prlovzed raicte S00gnaydes comppsed efig plurality of
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hgagallgiokrennded oy tiaperipteralapgiorediods TheaBoy eegivne ¥ cemigins a
photolit aphic imaging. The present invention I : a1
SR o PR P LN B Lo L pitern oomtafned within
sHiséefigy 1Bgitars0g iy GSeAnple, avelageplargmallerifatire sides Juoaipatten
shown. Pqlarized reticle 300 cqntains a reticle, 301 hayin .
CBRHE B LR 01 Oy B [ PR SO A o periphera
(¥éienB302 butespitein ghatsinedivithidi ma;fn@ioiemmma;&@eﬁe&ﬂmﬁ'ﬂodlc
using masking apd etching jechnigues common. otoli .

DR e PSP oS sy fion 302. The
F Gmarsi e of thelpaltidte@odidag0armyrephibitiizhengions kymnhos to reticles used
peripheral regigns, 302.and a plurality of array reqi .

O ST R AL by (i ey 1552 T6 nches) by
arspyroa@icatcdpa oh i anqhesprR efiifeing oG, 3P aterwiddx (W) of the peripheral
peripheral region 302. The er ntai ithin :thear '

PG RO Ry e (T 4R HRRTRY LA PR 304 may

héhing dirméfistemt geiadivielpd BGtmtds thehpdiad by dobtamed Aindhes) €L2) with

petﬂg g?rraayl region 304 generally surrounded by the peripheral region 302. However, the

above mentioned dimensions and pattern are merely illustrative and are not meant to limit
the present invention. The present invention embraces any polarized reticle comprised of
at least one first patterned region at least partially surrounded by at least one second
patterned region, wherein the first patterned region includes a pattern different from the
pattern of the second patterned region.

Again referring to FIGs. 3B and 3C, a polarized material 308 is disposed over the
peripheral region 302 to selectively coat the peripheral region 302 on reticle 301. A
polarized material 310 is disposed over the array region 304 to selectively coat the array
region 304 on reticle 301. Thus, the polarized material 308 and the polarized material 310
may respectively completely cover the peripheral region 302 and the array region 304.
The polarization directions of the pelarized material 308 and the polarized material 310
are respectively represented by the lines 312 and 314 on FIGs. 3B and 3C. The
polarization direction of the polarized material 310, illustrated with lines 314 in FIG. 3B,
is represented by the dots in the array region 304 shown in FIG. 3C. As shown by |
lines 312 and 314 on FIG. 3B, the respective polarization directions of the polarized
material 308 and the polarized material 310 are selected so that they are generally
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10 region 302. The pattern contained within array region 304 may also be
a nonperiodic pattern that is different than the pattern contained within the
peripheral region 302. The dimensions of the polarized reticle 300 may
exhibit dimensions common to reticles us@d in the semiconductor
fabrication industry, such as approximately 15.24 cm (6 inches) by
approximately 15.24 cm (6 inches). Referring to FIG. 313, the width (W) of
e peripheral 15 region 302 may be 'approximately 0.254 cm (1/10 of an

th
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th ral region 302 ti A 25 oa,rl aterial 310 is
dltglpé) e%e&/er ﬁwt% arr%/ ré%. % tﬁ?{]’;}&‘é ﬁ%‘g’ﬁ? GRsHcular to the
3polarizatioelR6dtichhefsudtenpattaiateandasesi ﬁbsa?s@mlm wﬁrwemable
erlal 31 respec ver the peripheral region 302
%n the rrgy rr%ggglorf g‘?ﬁé ﬁﬁf&ﬁgﬁl Rﬂﬁgﬁ)éf o pelaization direction of
msuchial8&8almd the polarized material 310 are respectively represented

by the I| 12 a 14 on EIGs. d 3C.. The 30 polatization
direction o? tfinegﬁm Fatized M ? ?jf@ &P{%&? o ﬁcﬁ??—gén%%uy
|quailHémtbd pglahzaﬁomdmdttmmﬁﬁwlegm DfeARDI08 Wilt ke fifered by polarized

d |r |olr3%% 1? uﬁ‘éf:rrl] S e%l m(;rééjr? tﬁm\/e %&ﬁﬁ‘%@mﬂaﬂy

separibel $o thepdtarizatienghireetiathofthe ﬂbhﬁ@é@hi@tm otheill BeEltered by the

o IR 08 e Bl R e e e R 308 and

dipatitinedariaterial 3Hhamsylattddto ﬁ%thagamraoibm vﬁa&‘&eﬁgﬂmﬂgﬁt%d in

d'?%@gﬁsaegg%ﬁlap enrze?s?)ecaﬁler I 39 % enl%[sz or poiate r(%l r?ﬁ%tqc&{le‘;’)OS and
polarized material 310 include inorganic matcria]s such as, for example, calcite, mica,
quartz retardation plates, dichroic sheet polarizers, BK7 (borosilicate glass available from
Melles Griot), and UV-grade fused silica. Examples of suitable materials for polarized
material 308 and pelarized material 310 further include organic materials such as, for
example, ferroelectric polymers (in bulk form and as a Langmuir-Blodgett film),
polyvinylidine fluoride, and liquid crystal polymers. Suppliers of the above materials
include Melles Griot and Oriel instruments. These exemplary materials absorb or block
approximately 98 percent of incident light having a polarization direction generally
orthogonal to the polarization direction of the polarized material.

The films of i)olarized material 308 and polarized material 310 may be formed on
reticle 301 by various deposition techniques. Chemical vapor deposition (CVD), physical
vapor deposition (PVD), and atomic layer deposition (ALD) are suitable for depositing the
films in the particular defined areas that form the peripheral region 302 and the array
region 304 of polarized reticle 300. The application of the polarized materials in the
peripheral region 302 and the array region 304 may be performed using masking and
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5 materials may act as filters suitable for filtering out radiation that is
linearly polarized in a direction generally orthogonal to the polarization
direction of the respective materials. As alluded to above, this filtering
phenomenon is attributed to the p0|al’IZ§d materials used in the present
invention absorbing light that has an electric field vector perpendicular to
the polarization direction of such materials and does not absorb light, to
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defgheﬁlaenand!mtafoomd&nsepm isisteine Jibe: teon Highth &Mhﬁg@m not

304 rlzed olaASH ey

thes ergfs re ‘91: gﬁ}%ﬁ%ﬁggﬁ 4 may be perform%%m:
ugihgtonsSlasey basmhs or X-rays. Half-wave polarization plate 404 is sized and configured

to be inserted in the pathiway of linear polarized light 402 using a removable or rotatable

chuck (not shown). Half-wave polanzatlon plate 404 may be a half-wave polanzatlon
plate formed from mica manufactured by Melles Griot. For example, if the polarlzatlon
direction of the linear polarized light 402 is polanzed in the vertical direction

(i.e., perpendicular to the polarized reticle 300 and half-wave polarization plate 404), the
half-wave polarization plate 404 oriented with its fast or slow optical axis forty-five
degrees to the vertical direcﬁon will alter the polarization direction of linear polarized
light 402 by ninety degrees upon passing therethrough. Such half-wave polarization
plates may be either inserted in the pathway of linear polarized light to change its
polarization direction by ninety degrees or the half-wave polarization plate 404 may also
be in a fixed positioned in the pathway of linear polarized light 402 and rotated to a
specific angle relatiirc to the polarization direction of the linear polarized light 402 to
change the polarization direction of linear polarized light 402.
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-8- etching techniques common to photolithographic processing used in
the semiconductor fabrication industry. The polarized material 308 and
the polarized material 310 may also kg? applied to reticle 301 in their
respective locations by manual application of preformed films of the
above mentioned polarized materials having their respective polarization 5
directions oriented in the desired direction. The manual application of the

polariged rial 308 e r|
an opléfrié hnrcraﬁo erfor mllp%a?t Sgef?ggmrgg]gscope an S?MWhnear
pdmwwmmhpmmmdymmdﬁmemmmmn

oS RO N A P AT Do PRAER R

pﬁm@aﬁm iﬂi@té:eﬁsmtm%odgeitliﬂw pobuized tighnl40D dirdotie fsofiist

ﬁreformed on a lﬁﬁ: syrface yd, at}lﬁren ransferre @%@é@‘;ﬁ“de %%]ﬁbe?ﬁgpmm

iﬁagvmregﬂsden%ebmseraﬁe@wmeﬁwwpwmgowﬁmwm 300.
controller 102 m ?%Tbe controllabl coupled to |llum|nat|on SO ri% 104 fort

ety npladz sﬁa’s&%w hexd 95 -
Ilafﬂzeaaame gbngMMIWMIM'&tEH SQBR, kiddks or
‘may alsg include, for example, a mirror, a lamp, a laser, a light filter,

E@ﬁdenser lens system. The term "light" as used herein is not

restrictRgain Wik R ASERcOWS FIGY 4laPiofasisln dhs o8 naly rsbeive RetioR fattern

such as photons laser beams or X-rays, Half-wave polarization plat

mpeeAQ6 Somelasizedrbiglo §Q8. Rrosestiondens 08 s s foF frample, a

%@Mé@%@&mwmmmwmﬁ ﬁlm&{sm@g £8HRI¢ Pattern
Half-wave polarization plate 404 may be a half-wave &zdarlzatl cél plate
Breed9Rem

tathe seiren ol phaterssinh L onibetiats grmiconductor

’ @éﬂﬁ EZ@SPPhoteRERsEDh VERRE BBk 16 ¢ Sith K2 dadBR BE Eskipaitten size on

vertrcal direction (i.e., perpendicular to the polarized retrcle 300 an
AR 0L ISHEFHER PN BESFLTPRETE o BeRBP e 408

Fa wﬁmeﬁwj&e@mfeesﬁ&geawtlcal
irection will alter the polarization direction of linear polarized Ilght 4 by

ninety dogieted Rrirm-Eass 08wy sgrbedmradistst oo @
Riatee A Pefibifrain 1a eI & seativaaduefol aBERAPsiRAchY dhigle crystal

change its
silicon, smgle crystal gallium arsenide, polysilicon, indium phosphide, a layered bulk

semiconductor substrate (such as a silicon on insulator (SOI) substrate as exemplified by a

silicon on glass (SOG) or silicon on sapphire (SOS) substrate), a glass (for example,
soda-lime glass, borosilicate glass, or quartz) useful for forming reticles, or any other
suitable material such as those used in forming liquid crystal displays and thin film
magnetic heads. Substrate 112 having photoresist 110 disposedA thereon may be supported
and held in position on a holding device such as a chuck (not shown) which may be part
of, or controlled by, a stepper (not shown), as known in the art. |
Again with reference to FIG. 4, the operation of photolithography system 400 used
in conjunction with polarized reticle 300 will be more fully understood. Illumination
controller 102 initiates illumination source 104 to produce linear polarized light 402.
Linear polarized light 402 is selectively polarized in a direction generally parallel to the
polarization direction of the polarized material 308 or the polarized material 310. Linear
polarized light 402 is also selectively polarized in a direction g_enerally orthogonal to the
polarization direction of one of the polarized material 308 or the polarized material 310.
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polarization direction by ninety degrees or the half-wave polarization plate
404 may also 30 be in a fixed positioned in the pathway of linear polarized
light 402 and rotated to a specific angle relative to the polarization
direction of the linear polarized light 40fyto change the polarization
direction of linear polarized light 402. -9- When half-wave polarization
plate 404 is configured to be in the pathway of linear polarized light 402, it
causes approximately a ninety degree rotation in the polarization direction

BlDGHARYR FRiaibg MR baRERE lﬁlﬁaﬁ@@d Hgitniog is pateeatiytpavailel to

projécted onto photoresist 110, receives linear p

pRR g b i e e R R

rAdHGR A A eMalMeaidaasies einedtipolaized
ﬁwe pattern ogﬁg?ﬁzg?g eticle éggl éﬁolﬂégonally polarlzed reticle 300IpdSl

hgﬁéﬁﬁm@mﬂaﬁamgwbmltb%m%e{lm QaRes Bspolarized
NS 24 P HIERAE Kol BRI SRR ROy Riicte301.
,&Ié 4, a prolectlon len

amn WI ren’ce to s 108 may receive

e iHupaittetion mmgmoﬁﬁdf@m Iintaripelanisedlighb#)2sush e Sheiderethg depth of

.?H#é)e fo ?i exampl e, %,{?%j%mﬁge \lﬁﬁgb?é Qﬁiﬁﬂﬁ%@c f@ﬂﬁ%?ﬁ'ﬁ@(ﬂ’& region

oCUSI rn |mage nto the surface o
Mfm@dmmwmmmMgmp@gmal semlconductor fabrication

photoli nvelves a fou gﬁ%gﬂgﬁﬂmmﬁaﬁ erall
on 15 p% xggé |t ?fd)?or prqe?%r%onto a target substrate 112 geberally
Rigthegtnal mamwmumpﬁmmwwmmaa upon

PR o fae P gt Sod E iR ot e taroed

smmmeﬂetamkuhmmmwhmsymma%@ﬂpgm gﬁé@}g(}s{épe light is not
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asneagertiPbifoddhieyamayitegionciOd mey proistedrby BreigsHe
SR RS0 SRR e s SRl e of

167 orming reti er sUitable material such as
thideepatterd defined iwighindi maem%@mmmmmn
Su%s rate.&]ﬁ&avmg photoresist 110 disposed thereon maybe supported

1

Following formation of the pattem of array region 304 on photoresist 110, the
half-wave polarization plate 404 may be moved in the pathway of the linear polarized
]ight 402 or rotated to the required position if the half-wave polarization plate 404 is
already in the pathway of the linear polarized light 402. Upon linear polarized light 402
passing through half-wave polarization plate 404, the polarization direction of the exiting
light is altered by approximately ninety degrees. Thué, now the polarization direction of
the linear polarized light 402 is generally orthogonal to the polarization direction of
polarizedvmaterial 310 and generally parallel to the polarization direction of the polarized
material 308. Then, linear polarized light 402 is transmitted through the polarized
material 308 and, thus, through peripheral region 302 of polarized reticle 300. The Light is
not transmitted to a substantial extent through polarized material 310. The reticle pattern
image 406 of the peripheral region 302 may then be projected by prpj ection lens 108 to
jrradiate photoresist 110 with a projected pattern image 408. A pattern representative of
the pattern defined within the peripheral region 302 of polarized reticle 300 is formed on
photoresist 110. The above description of the operation of photolithography system 400 is
merely an example. Alternatively, the peripheral region 302 may be exposed first,
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25 and held in position on a holding device such as a chuck (not shown)

which may be part of, or controlled by, a stepper (not shown), as known

in the art. Again with reference to FIG. 4,jthe operation of photolithography
system 400 used in conjunction with polarized reticle 300 will be more

fully understood. lllumination controller 102 initiates illumination source

104 to produce linear polarized light 402. 30 Linear polarized light 402 is
s&iﬁmdlb}mimﬁﬁed dm mﬁﬁeﬁtmﬁlﬂv@ @Eﬂﬂﬁk&ﬁdﬁ%ldl@ oizatia "Jubsequently
dtlﬁg%tlogsof t%%olarlzed mateé@l 308 or the polarized material 310.

Lmea’?ppé%ﬂ ‘ﬁ@ﬁ?ﬁﬁ%‘é selectively polarized in a direction

generalijdituphthalfoociising deyizption siRsHRMahPIseHHNe AR HFERot to be
matefllz_agl %08&%%? larized material 310. -10- Thus, when the L .
pOTRFR AL Treps I dhe prssentinvanton Butrenly samnuidipg certain
threpaiuyaissoditaeiion Siena19! JaPABIZRRAMRAEIAS BIRIHS B be devised
the li hﬁsfl’s trﬁmlfd through it. Conversely, when the polarization
deL‘?ib JratERATh Siomythe SRyt awwz;eﬁ@lwmhw@mm the scope of the
PiiveirionR, diGetise, shdosal S ' 1 3
l ht"%red nd does not transm?ﬁﬁfg%%gzgigc%e chﬁ‘.eﬁ_?_é %%&?Qﬂd%ﬁ&rlegal
ilgﬂ’r‘ﬂ ﬁ’éaﬁ&ﬁ%ﬁ%‘a‘ffh@ fregeips dessantingt 48 2dditpnssdeletivosand
theodefthiohsies tife HRHABACAS REhivRY k%&ﬁﬂ?g i

timiéqe}d té%r he particula?ﬁr’egigﬁg %ﬁﬁ%%(%%ﬁ%}érﬁeﬁe. 300 3%6631}111g and

0
e Plavms ARenramapassesk Xt grasentinyepiiona polarization
direction generally 10 orthogonal to the polarization direction of polarized
material 308 is irradiated upon polarized reticle 300. Linear polarized light
402 is transmitted through the polarized material 310 and, thus, through
array region 304 of polarized reticle 300. The light is not transmitted to a
substantial extent through polarized material 308. The reticle pattern
image 406 of the array region 304 may then be projected by projection

-lens 108 to 15 irradiate photoresist 110 with a projected pattern image

408. Apattem representative of the pattern defined within the array region
304 of polarized reticle 300 is formed on photoresist 110. Following
formation of the pattern of array region 304 on photoresist 110, the
half-wave polarization plate 404 may be moved. in the pathway of the
linear polarized v




20 light 402 or rotated to the required position if the half-wave polarization
plate 404 is already in the pathway of the linear polarized light 402. Upon
linear polarized light 402 passing through half-wave polarization plate
404, the polarization direction of the exiting light is altered by
approximately ninety degrees. Thus, now tBe polarization direction of the
linear polarized light 402 is generally orthogonal to the polarization
direction of 25 polarized material 310 E@ﬁ;ﬂgrally parallel to the
polarization direction of the polarized material 308. Then, linear polarized
lighivhegissiramaiitted through the polarized material 308 and, thus,
through peripheral region 302 of polarized reticle 300. The light is not
transmitted to a substantial extent through polarized material 310. The
reticle pattern indagelai@dichdepanipgheniagregion 302 may then be
5 prOA gﬁcﬁ‘ b}{CR{&’}E Cg%a NS é‘ %?s% zﬁ%lrr 14 tleo rs]l(l)rtr%'{lens’ (%1 I%Qtaone second

prolecte pattern 83 attern re representative o atte
defined witiinrtied mn[phdualaté@amt;@ﬁmf mtmédqgnnlals@belgtmme second
on photo %% SGIipt i )
Photolinob ety S Aa o o WEAPACH B ERUEcn tne
perapmeramégl@ﬁ:ﬁ@zhmagg lodiestposatidtien dirtctioliclivpdsby avsentidsasra portion of
rotation oy halliave Relafiealian Alaie . ARisuhspauently the
exposing of the array region 304. Although the foregoing description

10 containerrahpapadifiesithesecars potatzbeor dinsttiadzarcliatiyinghpgonal to the first
scope of g peRRentdNGAPR T STER: ARRIUEIAG FEF AllaTeast one second
exemplary embodiments. Similarly, other embodiments of the invention
may be deviteaed rieivaiofribe auisat from the spirit or scope of the present
invention. The scope of the invention is, therefore, indicated and limited

only by the appended claims and their legal equivalents, rather than by .
the foregalng dedddpdaizall tighionslaleldidmsrandhamedificigdiist@ therality of

15 INVERIEN. A5 s ARFpd AT N Rl LMt theReR g &’i%dsél&nd patterned

scope of the claims are encompassed by the present invention. - 12-
CL&RBIS- What is claimed is: 1. A polarized reticle comprising:

3. The polarized reticle of claim 1, wherein the at least one first patterned
region is an array region and the at least one second patterned region is a peripheral

20  region.

4. The polarized reticle of claim 3, wherein the polarized material disposed
over the at least a portion of the peripheral region is an organic polymer or an inorganic
material.

25

5. The polarized reticle of claim 4, wherein the polarized material is an

organic polymer selected from the group consisting of a ferroelectric polymer,

polyvinylidine fluoride, and a liquid crystal polymer.

30 6. The polarized reticle of claim 4, wherein the polarized material is an

inorganic material selected from the group consisting of calcite, mica, quartz, and silica.



5 a reticle including at least one first patterned region surrounded by at
least one second patterned region, the at least one first patterned region
and the at least one second patterned region each having different
patterns defined thereon; a polarized material having a first polarization
direction disposed over at least a portion-df the at least one first patterned
region of the reticle; and 10 a polarized material having a second
polarization direction generaliv arthopanal o e first polaizatian drecion posed
disposed over at calla portion 0 the'at least one second patterne
regiopr tfichae lpatiche@tidihef potanizedegiiol e ah cleganit palyereioithe retighnic
includes a plurality of 15 the at least one first patterned region and a
maleria . .
pluraehty of the at least one second patterned region. 3. The polarized
reticle of claim 1, wherein the at least one first patterned region is an

5 array regign and e ablea Ei?aﬁcfee(]ﬁoqgﬁ?%t%ﬁggiﬁ%giﬁ?oig azeodeﬁ(%j%%%"is an
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20 region. 4. The polarized reticle of claim 3, wherein the polarize
mategialidizpypsed sdvecdizoal tbasreuporissiofgiof pesriplataciticggbmieran
organic RRlymer @l fydn IGuRatelia]- 2R Rief NE Polarized reticle of
clgf?‘ﬁq % v&erleﬁﬁﬁ'zﬁ% péla%ﬁggg %uaterﬁg% % g%r)m%oreganic polymer selected
from the group consisting of a ferroelectric polymer, polyvinylidine

fluoride, a5 a g EUSIALPINNCE: it ThERRIATEEDIRIBESHARNT han

wherein the polarized material Is an inorganic mater

groopreamsistiieriof sesiesl iobthqueaenn eotdistiitgot calcire, Thisp glirizednd silica.
reticle of claim 3, wherein the polarized material disposed over the at least

a portion of the array region is an organic polymer or an inorganic

material. 3®. Thélpopatteddeticte of claim ¥, witeersiththeeiidtagraprises at least one
magerial Is, an . Qiganic polymer selected from the group consisting of a
ferroelectric polymer,

11. The polarized reticle of claim 3, wherein the polarized materials are

preformed films.

12. The polarized reticle of claim 11, wherein the preformed films are

Langmuir-Blodgett films.

13. The polarized reticle of claim 1, wherein the polarized material disposed
over the at least a portion of the at least one first patterned region is an organic polymer or

an inorganic material.

14. The polarized reticle of claim 13, wherein the polarized material is an
organic polymer selected from the group consisting of a ferroelectric polymer,

polyvinylidine fluoride, and a liquid crystal polymer.

15. The polarized reticle of claim 13, wherein the polarized material is an

inorganic material selected from the group consisting of calcite, mica, quartz, and silica.
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polyvinylidine fluoride, and a liquid crystal polymer. 9. The polarized reticle
of claim 7, wherein the polarized material is an 10 inorganic material
selected from the group consisting of calcite, mica, quartz, and silica. 10.
The polarized reticle of claim 3, wherein the reticle comprises at least one
of quartz or a glass. 15 11. The polarized téticle of claim 3, wherein the
polarized materials are preformed films. 12. The polarized reticle of claim
11, W.herei% Fhe Hrﬁg(l)%romed chrﬁa%c Eeof#%ﬁ%nlu_'&ﬂ?gﬂg té.fllms”zég r%'lgfe;rigledisposed
polarized reticle of cfaim 1, wherein the polatized material disposed over
theoattebshal gottigrouion efdahéed dtshentrstooati patederdgicgios ianrooggmic polymer
polgmer.or an.inorgani? material. 25 14. The polarized reticle of claim 13,

T an 1 orgamlc m (a‘m . .y .
whereln the“polarized material is an organic polymer selected from the
group consisting of a ferroelectric polymer, polyvinylidine fluoride, and a
“qUId. Crysﬁ! po! e r'o%S' -g %eggig gtzg%ﬂgtigew fe é?ﬁgl%sbygqgég II% ial is an
polarized material IS Bn"30 inorganic material selecte rom the group
consistingrof yaksite]avtichirquiethie cam siticasting of & ferheelpotacipely maticle

f claim. erein tk ' ial di d the at least
o Sl'ﬁQéiﬁytﬁvdTﬁéTiﬂow&Pﬂﬁrﬁ? ﬂga}gé{%géﬁ%‘?gn i(;V:rrl or(z]filnic(:a ?)i)l;mer

portio e at least one seco?cw,J
or an inorganic material. 5 17. The polarized reticle of claim 16, wherein

the polarized mai%@gidﬁ%&@%ﬁ‘&%?&%’%%?@ﬁ&ﬁﬁ ﬁﬁngFQl%‘zgﬁqu{Qteﬁ is an
consisting of a ferroelectric polymer, pofyvmylldlne uoride, and a |qU|dEl
crystaigenigmeterid stetqsbiemin dlekrenivie eomsisting 06 calbiégeini¢hejuartz, and silica.
polarized material is an 10 inorganic material selected from the group
consisting of calcite, mica, quartz, and silica. 19. The polarized reticle of

claim 1, wHereinThe patarizddoticiecrfaksiand . praferime filrkasized materials are

preformed films.

20. The polarized reticle of claim 19, wherein the preformed films are

Langmuir-Blodgett films.

21. The polarized reticle of claim 1, wherein the reticle comprises at least one

of quartz or a glass.

22. A photolithography system comprising:
an illumination controller operably coupled to an illumination source configured to
irradiate linear polarized light; and
a movable half-wave polarizer disposed between a polarized reticle and the illumination
source, the polarized reticle comprising:

a reticle including at least one first patterned region surrounded by at least one
second patterned region, the at least one first patterned region and the at
least one second patterned region each having different patterns defined
thereon;

a polarized material having a first polarization direction disposed over at least a

portion of the at least one first patterned region of the reticle; and
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15 20. The polarized reticle of claim 19, wherein the preformed films are
Langmuir-Blodgett films. 21. The polarized reticle of claim 1, wherein the
reticle comprises at least one of quartz or a glass. 20 22. A
photolithography system comprising: an illumination controller operably
coupled to an illumination source configurédto irradiate linear polarized
light; and a movable half-wave polarizer disposed between a polarized
reticle and th |Ilur§|1r111%t[§1nal 5 sourc%b(t)h Botlfaarg'zza 1((1) el tlr%|c r|s rpe? %tho onal to
reticle mcﬂt%ong A least one It]%aﬁerned region surroun &d g
one second patteﬁﬁdtrp@mmathm diretisnahepfisst paﬂeanbdsteg)omamdf the at least
the at least one second tterned re ion e h havi ing different patterns
defined thereon; °%0%a ptr)Rf‘a |z€% nr%%tee% Phgt/?llng 2 first polarization
direction disposed over at least a portlon of the at least one fII’St patterned
reglon of tﬁe retl?ﬁ (():loh%l? gr rsIZ(sat(ej: &[T \Q/% vable half-wave
polarlzatlon d|rect|o genera ona to t IItlrst po arlzatlon o(lllrectlon
dlspdsedeeweromt@dist a portion of the at least one second patterned
region of the reticle. 5 23. The photolithography system of claim 22,
wherein the movable half-wave polarizer is rotatable. 24. The
photolithogtaphyldespbatobtlsiginp2Ps wissreihdhemidyvablediathevaeaable half-wave

I ﬁﬁ%ﬂ elg}%g}pd% 10 25. The photolithography system of claim 22,

er comprising a projection lens located to receive the linear polarized

Ilght passing through the polarized reticle. 26. The photolithography
system Ofﬁalm %%e‘ffﬁ&roq ﬁléﬁ@?aﬁ%y%&%rgﬁ@zﬁﬁt§21ﬁlﬁf1%rec%%bnsmg a projection

preformed films.
lens located to receive the linear polarized light passing through the polarized reticle.

26. The photolithography system of claim 22, wherein the polarized materials

are each preformed films.

27. The photolithography system of claim 22, wherein the reticle includes a
plurality of the at least one first patterned region and a plurality of the at least one second

patterned region.

28. The photolithography system of claim 22, wherein the at least one first
patterned region is an array region and the at least one second patterned region is a

peripheral region.

29. The photolithography system of claim 28, wherein the polarized material
disposed over the at least a portion of the peripheral region is an organic polymer or an

inorganic material.

30. The photolithography system of claim 29, wherein the polarized material is
an organic polymer selected from the group consisting of a ferroelectric polymer,

polyvinylidine fluoride, and a liquid crystal polymer.



27. The photolithography system of claim 22, wherein the reticle includes

a plurality of the at least one first patterned region and a plurality of the at

least one second patterned region. 20 28. The photolithography system

of claim 22, wherein the at least one first patterned region is an array

region and the at least one second patterdéd region is a peripheral

region. 25 29. The photolithography system of claim 28, wherein the

polarized materigl, di over.the at lea orggn of the peripheral -
region is agg 'orgz;l]]lng B%(%g/(r%ngg}ogga&% yi%sr%gln%ﬁaa?{%rggl.%rﬁ]ﬁgl © I?oqarlzed material is
phaetolithegrepmasysiexlcofed dinm28¢ wheeaorkistipglafizadimatecialjsar80 and

an squg.nic polymer selected from the group consisting of a ferroelectric

polymer, polyvinylidine fluoride, and a liquid crystal polymer. -16- 31. The
photolithography system of claim 29, wherein the polarized material is an

inorganic material sel gﬂfromte roun censisting of.calecite, mica.. .
i, et siicaTE 5 b Rrtay R SRS 20, R B Bzed maveria

thedppieréded en dte rbleatisppotidnvb thiharal | sgstaip entigawidipelamayor an
reqiﬁ) ' an or ?’ﬁ-ﬁ‘? polymer or an inorganic material. 33. The
photé}i%éggrap%y system of claim 32, wherein the polarized material is 10
an organic polymer selected from the group consisting of a ferroelectric

polymer, f’?'yVi”i/ﬂQSl%‘?r)ﬁ%‘g}%%?%@%%LMi&%ﬁ%ﬁg&%%}%@ffn it liMiized material is

photolithography sy erein the polarized material is an

10 inorg anienrapeianersielerseliffrm the grourceosisiogy efoatsiestngipal ymer,
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QUi ARG 5 o1 RIGIRIGA Befsystem of claim 28

e reticle comprises at least on guartz or a glass. 20 36. The
photolithography system of claim 28, wherein the polarized materials

34. The photolithography system of claim 32, wherein the polarized material is
an inorganic material selected from the group consisting of calcite, mica, quartz, and

silica.

35. The photolithography system of claim 28, wherein the reticle comprises at

least one of quartz or a glass.

36. The photolithography system of claim 28, wherein the polarized materials

are each preformed films.

37. The photolithography system of claim 36, wherein the preformed films are
Langmuir-Blodgett films.

38. The photolithography system of claim 22, wherein the polarized material
disposed over the at least a portion of the first patterned region is an organic polymer or an

inorganic material.

39. The photolithography system of claim 38, wherein the polarized material is
an organic polymer selected from the group consisting of a ferroelectric polymer,

polyvinylidine fluoride, and a liquid crystal polymer.
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are each preformed films. 37. The photolithography system of claim 36,

wherein the preformed films are Langmuir-Blodgett films. 25 38. The
photolithography system of claim 22, wherein the polarized material

disposed over the at least a portion of the first patterned region is an

organic polymer or an inorganic materiat.130-39. The photolithography

system of claim 38, wherein the polarized material is an organic polymer

selected from the.group cpnsisting of a ferroglectric, polymer . o
polyvinylidye fUae B R eh Sy AT oG A 13 40r s Polarized materal i
phaetolithegrepmasysiewrlcofed dinm38¢ wheeaorkistipglafizadimatecia jsaréa and
inosrgl%gic material selected from the group consisting of calcite, mica,

quartz, and silica. 5 41. The photolithography system of claim 22, wherein

the polarized material disposed over the at least a portion of the second

patterned yegion4s a iC_polymer ar an inergakic material, 42. The .
Photolthosraphy Sl T War o0 26 LAAPE SR e Bt M macria
an dispasid potythe pskletepoiitom o thgrsapndansisting i feiyerlergaicc polymer or

pol qu ”@I'pe fluoride, and a liquid crystal polymer. 43. The
phc#;]lﬁt gra%ﬁle séyétém of claim 41, wherein the polarized material is an

inorganic material selected from the group consisting of calcite, mica,

quartz, angh15 S%ﬁ@gﬂé{gﬂﬁ%gﬁgﬁv '§?§9@8Péﬁ;ﬁ¥’§;ﬁ%e%%%g olarizeﬂ énaterial is

wherein the reticle comprisesat "least one of quartz or a glass. 20 45. T

phetolitewtjeaphynsysteisiofl draimBe grohpsinsiiin pofeaifetb eheateiate] yaner,
ea@l@@?ﬁﬁ[ﬁﬁg ﬂl{@ﬁdé%nmqigmtalgt 99#8 .system of claim 45,
wherein t Uir-

e preformed films are Langm odgett films.

43. The photolithography system of claim 41, wherein the polarized material is
an inorganic material selected from the group consisting of calcite, mica, quartz, and

silica.

44, The photolithography system of claim 22, wherein the reticle comprises at

least one of quartz or a glass.

45. The photolithography system of claim 38, wherein the polarized materials

are each preformed films.

46. The photolithography system of claim 45, wherein the preformed films are
Langmuir-Blodgett films.

47. A method of fabricating a polarized reticle comprising:
providing a reticle having at least one first patterned region at least partially surrounded by
at least one second patterned region, the at least one first patterned region and the
at least one second patterned region each having different patterns defined thereon;
applying a polarized material having a first polarization direction on at least a portion of

the at least one first patterned region of the reticle; and



25 47. A method of fabricating a polarized reticle comprising: providing a

reticle having at least one first patterned region at least partially

surrounded by at least one second patterned region, the at least one first
patterned region and the at least one second patterned region each

having different patterns defined thereon; BY-applying a polarized material

having a first polarization direction on at least a portion of the at least one

first patterned region of the reticle; and -18: applying a polarized material
P B oA thicpancsand S SRSl eeEy Brhogonal
polarizatian iz éotioppbmizattieasiracportiomadi¢he apdetst ohthsaetlnast one second
patterned raGthEPn% é); ethle I{%Q%%.rSUAé% The method according to claim 47,

further coPnprlsmg pfge?orming the polarized materials prior to application

to the reticle. 49. The method according to claim 48, further comprising

s forming tg, polafzed (e ol 5 05 AN FIRIARI M L0 IE:

10

15

method according to claim urther comprising selectin arize
majetiaigctbrbgdilnis pBor Mhgphiethiod tadbomdindeto claim 47, wherein the
applying the polarized 15 materials comprises depositing the polarized
materials on the reticle. 52. The method according to claim 51, wherein

the deposifihg is Bffeorshodyacchetinig 40 vhpordde fositionophyisicalfoapog the

de Bgﬂﬂggd Rl PG %gqfaqgﬁl%‘ﬂ!%dgett films.

50. The method according to claim 48, further comprising selecting the

polarized materials to be films.

51. The method according to claim 47, wherein the applying the polarized

materials comprises depositing the polarized materials on the reticle.

52. The method according to claim 51, wherein the depositing is effected by

chemical vapor deposition, physical vapor deposition, or atomic layer deposition.





