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CHROMELESS ALTERNATI NG RETI CLE FOR PRODUCI NG SEM CO\IDUCTO?ZQL—QQb%&:%&JRES
5 Field of Q Mntl on The present |n ention relates to a PCT/US01/04817
‘phot ol i t hogr p?] eticle for use in man facturl ng sem conduct or devi ces,
and nore particularly to a retlcle and rrethod of making it, which can be

used to sharpen the Ilg ﬂ'qbal and t her eby
i nprove the definitj %%@ of the
| nventi on Photolit hﬁg&é [ {i g{fgf&kdew ce

fabrication to pattern various proce55|ng a water. A

| ayer of 15 resist is dep05|ted on the mafer and exposed using an exposure
tool and tenplate such as a nask or reticle. During the exposure process,
radi ant energy, such as ultraviolet light, is directed through the reticle
to sejectively expose the resist iFierl 8fshé EBavgiaidern. The resist is then
devel oped to renove either the exposed portions for a positive resist or

t he unexposed portions for_a nega [ae%lt%t nplﬁgtoﬁlgggcgrgghg E&{cfafoﬁ-%& ?‘ect

resi st mask on the wa cPrcﬁ?eL?em s

e use %6 pro
under1ying. ar gaguRlaldif WHiESndlo G RURSSAN Eltke HERIMEAY @ RERRSZRES, such
as deposition, etc I ng, ron I nplantation processes. An integral

conponent of H@ﬁzdﬂ‘@ﬁﬂlak{h@qg,r\ﬂﬂbhﬁmpb@(iﬁ%m shdrPén t&d lighCusedNB ckpbdel €
i ncludes the pattern for passing, blocking, or phase shitting light to 25

expose the phehskies nsdeetidliagl thrcusexelpt@vcfmemcﬁﬁ&taﬁeﬁfabacgcd féarasesi st or or
capacitor structures 1 at a particular |layer of a sem conductor device. The

reticle is typically a quartz. plate coated with a patterned |ight bl ocking
mat et al such as, for 25 February 2004 WO 01/63864 o PGI/ US01/ 04817

Background of the Invention

Photolithography is commonly used in semiconductor device

fabricadon.to pattern various photomasks used in processing a water. A layer of

15 resist is deposited on the wafer and exposed using an exposure tool and template
such as a mask or reticle. During the exposure process, radiant cnergy, such as
ultraviolet light, is directed through the reticle to selectively expose the resist in a
desired pattern. The resist is then developed to remove cither the exposed
portions for a positive resist or the unexposed portions for a negative resist,

20 forming thereafter a resist mask on the wafer. The resist mask can be used
further to protect underlying areas of the wafer during subsequent tabrication

processes, such as deposition, etching, or ion implantatton processes.

An integral component of the photolithographic process is the retcle.
The retcle includes the pattern for passing, blocking, or phase shifting light to
25 expose the photoresist which is used to form teatures (¢.g., transistor or capacitor
structures) at a parzicular laver of a semiconductor device. The retcle is typically

a quartz plare coated with a patterned light blocking material such as, tor



exanpl e, chromum This type of mask is tvpically called a binary mask
because light is conpletely blocked by the |ight bl ocking fal E@@
fully trangmtted through the unbl ocked quartz portions. B?%g%bhﬁr%ys S pose
various prob?8H&¥hen fabricating denselcircuits. 5 Light pasgéﬁ’é’ ¥8ith
the edge of a pattern within the mask (e.g., the boundary between a |ight
bl ocking region and a transparent region) is oftentines diffracted. This

means that in 0 i 7 R

oal st ayer R o o Py CRR R M BB g
boundary and [ightistchenpleghomscidreciRdidhe blSm e nfhddral 18 FE® rhiignitegul t ant
to feature shapes and sizes deviate somewhat t7omthe intended |IC design.
Because i nt egtlabeghahe cubtodied ghiaet poaicnshave continued to reduce the
geonetric size of the IC features, this diffraction can produce waters
having dies with inconplete or erroneous circuit patterns. Attenuated phase
shift masks (PSMs) haeahemashspode vaiasgroblrestwieer Bbdicidngmdenserrirehiftect s
and to inprove the resolution and depth of focus of images projected onto a

target (i.e., 180 parwrg dagugh)the pdgentapagernsxishin thi imask faugt i thk Ibpundary
transm ssive feqgions | dition to the light blocking .and |ight

transm ss: xe ‘P‘é@’k&ﬂ@ Q@Hg’q?‘lﬂ"&ﬁ Freaqn ﬁ‘é‘g&éa%]ﬁ%%%ﬁg;% I'?OFF%ﬁlﬁ’g‘ﬁf ssive

regi ons typic S§~ (1. e, o not hl ack) ,about three to ei ght, per,cent of
the 1Toht e BiakrBRy e s &3 bteadcl Brde 08Ky ot g et EGRER S ar
desi gned so thatnd f@isk'l:grgf, SI)H'I%ylogfgl'Bl g{%l&i&i@&éﬁ&s%v%&? Ll'gceglrt Yed dlige
conparison to the light "pdssing through the transparen €.9., 1S ssi ve

) regions. T%ncﬁ&ﬂﬁnﬁfinw@lclrizgeﬁs 535:%?63 0 RIAES U, Offchke ché ?élﬁﬂﬁf{:ent

region defined by the PSM pattern edde destructively interferes wth |ight
passiong from fehurshipcland sized e SouRWHAE RS thelitkénWAYIC H88gr?. SBecause
detrinental effects caused by diffraction can be controll ed. 25 February
2004 WO 01/ 638tegrpet/ dsily Mddiidcosers havescdatimvedito redieceathe gebiictid €izd¢ ayout s
are generated for each photoresist |ayer that nust be patterned. Each
reticle | ayouheilfcfeatwss,ahpatiffecnof can pratiki ngferadeiing diesghith winioniples
designed to produce) through the exposed photoresist, corresponding circuit
features. OneEPTSHTEPNGUSCEEUHPATTFIS- reticle is 5 shown in Figure 1. This
reticle is a 0-180 degree attenuated phase shift reticle used to produce

S, A gl B 5 S5 8 v
echil ques s ClERRYB BRYTBE ol iffbrYe SE reldlRlind 2hd BBl Bt bl SEIRRG ol e
t0 through a gigld-tdLohi@yl &Qgﬂl’(ﬁ.b.,%g@g@&&%d.a}&% uat&B?SMsoﬁtﬂg SZ:}%ﬁa.W) uld

be exposed in a pattern whi nclu eat ures Ich nore c

appr oxi mat es iR nfiRiveezRRIMIiNdddRDn B AhE Gght! bR ckihgturfd L'i%l'liit{‘adsﬁl‘i&“%- The
nodi fied | ayout may be generated using any known al gorithns or by other

techni ques, frogionssised@ebinidi m@sks iTHe pataldr draismiksaUGRiceX Reit ARGRsiv t h
particular |ayouts. t5 An attenuated phase shift mask which has different
regi ons of di{f-tedomptrack) dinut threalraeighvperdset phde lightaherardcetvg. of ways.
For exanple, the 0-180 degree phase shift mask, illustrated in Fiqure 1,
can Be made BYOrRFERGhs PammAly trRismeBive regians prerdasignadise that the dighn they do

Tayer s of HE SaMeEnRc Lo deemes i cpmouttoniierine a6l Payes B Beor oo

phase shi f1) . ARg. R 09 LIRS RSO trr 1o IHETH nd AT puIBLS | 9
outside of the transparent region defined by the PSM parttern edge destructivelv
interteres with light passing from the partially transmissive regions. This way, the

25 detrimental effects caused by diffraction can be controlied.



exits to a depth which will shift the phase of incident exposure by 180
degrees (relative to the O degree regions, i.e.) the regi o?g F%fon} sbhger
whi ch are gpé @ d) to produce the 180 degree phase shif rg%k m‘é”
chrone | ayer P o applied on the light entering side to bl ese
portions of the quartz substrate :5 where incident |ight should not pass

t hrough the substrate and a | ayer of partially transm ssive material is

al so applied on the QuatZkhcWein Be drh&etit@iycRrd {r¥ gehdfled f@Bedcbr uary
2004 WO 01163864 4 PCT/USO01/ 04817 over the etched regions, to formthe
partial l'y traphetasdisteakbthadegieodepusenahi Eichr egilersvodthinsluay a partern
transm ssive or transparent regions 12 of open quartz, the partially
‘transm ssive fagilodsngpassing lighe whidcikeltsigegd onprasbibi deoughftbe exposd| i ght
pattern in a photoresist |ayer. The transparent regions 12 pass the |ight
wi t hout a phapbohidisr, catnesppadingatiicyitteaHedsi Qmwwc%ergpmsnmvpa@@clw y
about six percent of the light they receive with a 18D degree phase, shift.

The raterial BREW LD Ffiélﬂfmlt-ﬁghlﬁdf”t‘?i&lﬁl‘yotlrSQn%‘rEf%"s‘}tFFé‘”taé"& Bidse pAItT eug

i tabl e opaque terial) for exampl nmol ybdenum,si l,i.ci de ( Mb-.§ r
b ot um | aohfed T modfed pbisacs 3o i o g TS 1R o . TR SG Bler,
transparent regions 12 of .reti . 10.1.S.. : - ui tabl e
| i ght IOt ransm Ech Ve e fé r tghlﬁ%a%éj cgélggﬁﬁa%ﬁaﬁ;g\é\?\ég{é?%sgﬁlﬁé[:lg{néf ass, or

ot her sinilar raw&lxa%urq{a\@xe‘@f@ﬁwcﬁﬁmebgt30C roﬁﬁ"ﬁﬁ‘g RrRrioh) ght

bl ocki ng regions are typica Formed Wt r on the' quartz

substrate. 15tAhhRRUgk, Ehseriie QB dkeatlhRsiitabeRadibagsoshbd iverd Qirk&ke is
adequate for many applications, as sem conductors sizes continue to

decr gase, thetrogph apatiélehavipgedeie @ dnddified 14660 NRS phowdradseasukigbgr obl em
Figure 2 is the aerial image response with a critical dinension contour
(CD) of the pexpustdign & ipagernofhiahcagades teatudesiignh momredossivt dpprbsinztesetirgat ed
phase shift reticle |ayout of Figure 1. 20 Figure 2 depicts different

regi ons whi chcemespesgimgddasycdiffapercdnn dicyhitlayont.e ddictmedifighilaypusmeapboduced
by the Figure 1 reticle. The contour qf the desired printing.inmage is

del i neat ed by8¢Refated psingrany kaesgsagorithms gply PHFs tealtidcss fARINSAREE 41 ea
encapsul ated wi.thin line 21 of Figure .2 thadta is.the,area including zones
23, 25, and 2%singdnal TEREPUET SPEHCBIF Tt §2IE B S0 a phot or esi st .

25 Unfortunately, the light intensity contours of adjacent areas in Figure
2, such as regions 23 Wi PLY red8h,d oy at
sub- rngzc_ron | evel s, | |‘%’ﬂ?gféﬁé§£??§§$g§ g’r?sfgﬁcgg%aé?% pr%%?nﬁ%ﬁ%s.
: Accordi ngly, ohlergift Valfics m&PbE Blidah ¥ vABEY IR 3! 63BELAampRCTHIPAB04817
blurring of Iight, or stated otherwise, a l'ight ‘transition region across
t he boundari edegdee hesediife Redk i ilhansed ih FRagroDscande dadaby taking a substrate
of a transparent material, such as quartz, having a thickness such that incident
light passing through the layer is of the same phase as the light entering the layer
20 {0 degree phase shift), and etching into the side of the quartz layer where light
exits to a depth which will shift the phase of incident exposure by 180 degrees
(relative to the 0 degree regions, i.e., the regions of the layer which are not
etched) to produce the 180 degree phase shift regions. A chrome layer is also
applied on the light entering side to block these pordons of the quartz substrate

25 where incident light should not pass through the substrate and a laver of paraally

transmissive material is also applied on the quartz laver art the light entry side,



Proximty effects occur primarily when very closely spaced circuit pattern

features are lithographically transferred to a resist | ayehL:Qn, a \Wab The
5 light Wﬁ? the closely spaced circuit features interacCt ;ﬁ?ﬁgy
) R B2

di storting al transferred pattetn features. Accordi ngl tures
that are in close proximty to other features tend to be nore significantly
distorted than features which are relatively isolated from other features.

As a consequence.,of e unshar rofiles in.i 1Nt engh t r.o 16k
region to thg)o‘%ret}(’?,ﬂ%rgcéj %5%%?@ %t eih(feRS/aé'{“ %Beﬁ%?bg‘?cegg@std ¥§‘f’§f t r%ng %1% to
be less well dgfjned in these areas than in other areas of the masked
pattern. In srall) dense integrated circuits, such as VLSI, these blurred

i mges can cause printing of features which may signiticantly degrade a
circuit's performancEhis WaR¢BahdiLissiod besRALedataeRinea ot dpragiaded, ded 1 cui t
design and the final transferred circuit t5 pattern on the photoresi st
| ayer is decpeardd:ranstistiee regioahds parpt die bleskehregi@suldmbine ao tasisaof waf er
surface area, which correspondingly reduces the total area available for
depo$i t ed cohigbtparsnand phocoredisnighgr. r €8etmanspanennmdgrins di2) pasi duyleghge in
contact resistance. Accordi n&l y) there is a need for a sinplified phase
shift reticl &thouen frpd hespagually preseniseys ragiens khpess opdy sbaytseyi t
features, for exanple, closely spaced well or contai ner .capacitors uysed
i n & nembry BFIERF Of HoUBR EJCHICCERE Wir A BD ieTercP s st THRvERErarscd
provi des an alternatin ase shift mask for,.a 2> ¢ citor layaut, schene
Por o menor y dorBant pafla e tistva Teeon i o niPRR oband ARG 5004
WD 01/ 63864 E&W S i { k. p?§ ' o : 180
degr ee phajsegjé [ ‘Fs%"&?ﬁééﬁpﬁaﬁfﬁg éﬂﬁ%tﬁﬁa a'fllqmgl €S oPpcefgrg regi on
cor hgspondi ngh Qi A £y N&%Hﬂ;ﬂé@%m {‘rtané*i:ﬁ.lré{ﬁ r@%l%angr&er@dax 1§ 3%arez.
correspondi ng to an opposite phase shin val ue.

However, any other suitable light transmissive material such as soda-lime glass,

borosilicate glass, or other similar natural or synthetic materials can be used aiso.

Light blocking regions are typically formed with a chrome layer on the quartz

substrate.

15 Although the Figure 1 attenuatred phase shift reticle is adequate tor
many applicatons, as semiconducrors sizes contnue to decrease, the light pattern
produced by it becomes an increasing problem. Figure 2 is the aerial image
response with a critical dimension contour (CD) of the printing image of a
capacitor design formed with the attenuated phase shift redcle lavout of Figure 1.

20 Figure 2 depicts different regions which correspond to different light intensities
which are produced by the Figure 1 reucle. The contour of the desired prinung
image is delineated by line 21. When exposed in a positve photoresist, the area
encapsulated within line 21 of Figure 2, that is the area including zones 23, 25,
and 27, is removed and an etch opening is formed in a photoresist.

25 Unfortunately, the light intensity contours of adjacent areas in Figure 2, such as
regions 23 and 25 for example, are not sharply defined since at sub-micron

levels, ligh is diffracted and atfected by proximity etfects. Accordingly, there isa



The present invention al So provides a method for producing an 5 alternating

phase shift reticle having regions of 0 and 180 degree phasg F@Bwb?yﬁ ged
e

in away s all sides of each region corresponding to
shift val u%@‘%&dnded by areas COI‘I‘ES:%OI’IdI ng to an opposi teaPp(ﬁt{éga

value. The reticle can be used to produce densely packed capacitor
features, in which the variance between the actual exposure pattern and the

desired exposyf. u@ﬂ nf?éﬁfegf] S{ Sed Sg_t{:%qflsﬁé}gg??r ac Hah i % Rhases ﬁh{ nreticle

of the presen i nv i COUnt er ac Ion proxi mal effects,
whi | e i nmprovi pg,hekfts Hhehd S5l ihhsf0de d6RE B3 085 fous7 0f the transmitted

| ight. Additional advantages and features of the present i nvention wl |
become nore readily apparent fromthe follow ng detailed description of the
t5 invention, which ifgophiw efdtd St prgeirtlonhant\knaclossipapudedgiduiawi ngs.

Brief Description of the Drawings Figure 1 illustrates an aerial inage of a
conventional pdrternUuadrects phakithoghighicatlptrralsérfed tof atesisc ke ngn e apsicr. tDine
container wells. Figure 2 illustrates the aerial light intensity inmage

contours prodighedvbiys phehardosedy gpacey surtuio feapirgs irtetact, thgraby tpmll&thcat es
an alternating phase_shift nmask constructed in accordance with the

i nventi on. gnsalrt@@ﬁﬁqarﬁ pzcrem frarges cAgerrdmabGTeaignes hagare ipiciisfe 4
illustrates the aerial i ntensit

e contour roduce
reticle | ayouPfOFMiY ERJPQ‘C “\fF&ﬁr[%”% thbFlE% rpéggéghgq@tqupgca,{gg? é@f‘ﬁ'ﬁs an
internmedi ate stage of essing, accor he present invention.
Figure 6 ill u\ék"\‘gtaé%mé [fvg |1é?l§t%in%8Wg% ﬁggeélhul ‘Lht ermedi at e stage of
processi ng according to the present invention at a point subsequent to that
As a consequence of the unsharp profiles in light intensity from one

10 region to the next, the edges of the developed phororesist patrern tend to be less
well defined in these arcas than in other arcas of the masked pattern. In small,
dense integrated circuits, such as VLSI, these blurred images can cause printing
of features which may significantly degrade a circuit’s performance, since the
correspondence between the acrual circuit design and the final transferred circuit

15 pattern on the photoresist layer is decreased. Further, unsharp profiles can result
in a loss of wafer surface area, which correspondingly reduces the total area
available for deposited conductors and accordingly results in undesirable increase

1 contact resistance.

Accordingly, there is a need for a simplified phase shift reticle which
20 can be used to precisely fabricate small circuit features, for example, closely

spaced wells tor container capacitors used in a memory circuit.

Summary of the Invention

The present invention provides an alternatng phase shift mask for a

35 capaciror lavourt scheme for a memory device integrated circuit. The alternaung



shown in Figure S. Figure 7 illustrates a reticle undergoing an
i nternedi ate stage of processing according to the present izg\{:% i 2884 @
poi nt subsegirilletd that 10 shown in Fi gure 6. Figure 8 illus &3;%1@?%7

reticle undergoing an internedi ate stag® of processing accordi
present invention at a point subsequent to that shown in Figure 7. Figure 9
illustrates a reticle undergoing an internedi ate stage of 15 processing

according to pRgseRhes ek haY fiibA oA i PQ@)H%%:%H%%&”&EB Mé;ggn%h%m in

Figure 8. Figure 10 illustrates a reticle undergoing an iInter I at e “st age
of processi ngsadtcontalgided of B heRRNlortddyEitihgRo AlgifePPhAt sRMDSAAUERL tO
that shown in Figure 9. 20 Figure 11 illustratés a reticle undergoing an

i nternedi at e bbagéedby preas esstspgnagoraimeppdsite phapy dsfintldenvention at a
poi nt subsequent to that shown in Figure 10. 25 February 2004 WO 01/ 63864
g PCr/US01104817 Detail ed Description of the Preferred Enbodi nment In the
fol | owi ng detail ed deEkgs pres¢mrinvernsicsr @yvrpravilesadacthed: foe pastmnmeanyi ng

drawi ngs which forma part hereof, and in which is shown by way 5 of
i11ustration S5EArRnEPEMSCOIREFHC havipmregiensef O s ABOslsereryphate hifict i ced.
These enbodi nent are described, in sufficient detail to enable those skilled
in the art t o prEdipd Yﬁ‘ésqcﬁ‘v‘@ﬁf ?liﬂ?“dﬂocapf‘ I¢FOR GOFES BfQd&YRat ot her

nbodi t i zed, d, t.hat_ st t | ,._ 1 ogical d el ectr.i.cal
changes may beNegutt G R wlRie Roprr b stricHeseing 9 a8 RrpBRi Bt il
present to Inygd| ?gc rddi§e Ifﬁ{ BEugé’@'Ioeéfbdﬁggdé%ggf J&E&"ca,f‘arc&o} Bales in
understood as i1 ncluding silicon-on-insulator or srTircon-on-sapphire

(SCs) technol @ayh HEREHuRRbHREOPAE &@ﬁﬂl%ﬁgﬁ@d@ghﬁ%@&{c% ird Efposfe

silicon supported by a bast sem conductor Tfoundation, and ot I§|er

sem mwonduct or patdrt 64 reid@sed. FTht e MkAE phase shift reticle of the present invendon
counteracts the diffraction and proximal effects, while improving both the

resolution and depth of focus of the transmitted light.

Additonal advantages and features of the present invention will
become more readily apparent from the following detailed description of the

15 invention, which is provided in connection with accompanying drawings.

Brief Description of the Drawings
Figure 1 illustrates an aerial image of a conventional attenuated phase

shift redicle for fabricating capacitor container wells.

20 Figure 2 illustrates the aerial light intensity image conrours produced

by the reucle lavout of Figure 1.

Figure 3 illustrates an alternanng phase shitt mask constructed in

accordance with the inventon.



15 when reference is nadée to a "water" or "substrate" in the follow ng
description) previous process steps may have been utilized tsq_.ef IR 5§ j ons
or juncti Onﬁ’d@ﬁ% n the base sem conductor structure or Tzourﬁ?%géﬂgiﬁ
addition, the 4 onduct or need not be %&ilicon-based, but co d
on silicongermani um germanium or galliumarsenide. zo Referring now to
the drawi ngs, where |ike elenents arc designated by |like reference
nuneral s) Figure 3 illustrates. a tion of .an alternatin hase shin
reticle according to 611:llJ LFE?I elf‘ﬁP sé[{ia%? 50;}6??3};{%%m?%‘é’“’p%%%%cneorﬁﬁ\'}res rloghl?c‘jv\hi ch
i s adapted to o0 @cikRY Nt OF L.gn for container capacitors in a nenory
device, e.g. a' DRAM at & particular |evel of fabrication. 25 February
2004 WO 01163864 9 PCT/USOL/ 04817 Referring to Figure 3, the phase shift
reticle 50 includes aFgadspaugbdressReictat fRdddoinll GLihesmiddie iBge o8f quartz
or glass. The transparent substrate 52 is partitioned into a plurality of
triangul ar regroassingpacedigges the presenplidbaibenm ned ordered, and arranged
inamtrix array in a my to define O 5 degree phase shift regions 54 and
180- degree phase shift regions 56 Each of the 0-degree phase shift regions
i s bodnded on all si dé&gusy 6lilgstsey eeetishasrdaspingraegnumedBitersiage by, each
of the 180-degree phase shift regions is bounded on all sides by 0-degree
phase shin re@rBFISINEFECREinHIQhepresent iRMengpRAL f POFMIFUPE BN IQEptee phase
shift area ABC tO i.s 1;(:o\[g)_plsetel y bounded by three 180-degree phase shift
areas, identi FMOYN4E B8 MBF, “and CBE, respectively. In turn, 180-degree
phase shift area CDA is conpletely bounded by three 0-degree phase shift

areas, which are identif] : ' t iV pgure 4
illustrates the aeri ariﬂrggt'@rﬁgﬁsﬁ &@cn%g%r@ 01{6312&0 C?ﬁgé %/tgggbﬁer nati ng
phase shift rej} f ; torl I : L O e

cont our of th?%%sﬁ?gr?éél ma e&?‘g1Ig é{:sgarlllgg%dggaggﬁp?#gdé%.ug& CF‘EAE) !t:h-oglgt he
aeriab image KREWANSFi@hretdie prior art, which was shown in Figure 2,
regions 33, 35 and 37 of Figure 4 define the areas that will subsequently
be renmoved to forma well or hole for a capacitor |ayout. 20 A conparison
bet ween the |ight i ntEipurt § ibumtavesrasredtleRirglergoidg andnichasdiaef sthggof e 4
reveal s an increased and sharper contrast between different zone areas

cor r espondi ng Precegsing acearding whihcipsesens invieaton stz poig skbscqueantst B1azones 2S
and 3S. The edges and_corners of the pattern of Figure 4 are al so nore
sharply defi néB°¥RdR B#¥se - of the pattern corresponding to Figure 2. Thus)
the 25 rounding effects that characterized the Figure 1 reticle are |ess
pronounced when using.the peticle of t.h resent invention. .Accordingly,
the reticle of the E%% Wt?ﬁﬁuﬁ\%%%ﬁaﬁ BRI TA R 7

i nventi on proyj - i r fginal circuit
dosi g and t nooarrap s FHARETE, GEP-RERPRRRANE 3FL BBER shORaBEROIIHar ”
reliable printhefnSHEiLGE gand nore densely packed | C features, and provides
a wider latitude for reticle msalignment. 5 The present invention provides
an alternating phase shift mask with 0O degree phase shift regi ons bounded
al |l around by 18Q degFigmrghasihusthtdsta reeigiealirlergoidg wh ifte Alodideotae gthase
shin regi ons bounded all around by O-degree phase shin regions. Although
the present i pvesessing ahasdingae die preschethvwnton red poemsebteguent wrdat ar

al ternating phase shift regions, it is to be understood that to

nodi fi cati ons seawnpe Fagwre %o the invention and equi val ents substituted for
described and illustrated structures wi thout departing fromthe spirit and

f the i tiop. F I th | t ting.ph shift [
my v a rect angul aFiEHre bl RERCRI FABPE  AdEEo s o BRETRCtEHaaA e of al
gégegree phas ré&':;{%{l%%rr:&)%ain%rt% ROBREET: BX AR $ELPER 3ERTud oAb, ST des of
-degree phase Shitt
shown in Figure 10.



15 areas are bounded by 0-degree phase shift areas. The-nethod for
fabricating a reticle according to the present invention w,kl

descri bed vwfjrb kg‘grence to Figures 5-11. Reference is fi\rNg Fr?gﬁ}egr)fbgo% _gure
5. A nmateria fayer 54 is deposited ovel a reticle transparenf’qﬂ{?gwgtl

52, the latter of which may be forned of silica glass, fused quartz gl ass,
borosilicate 20 glass or another material transparent to various types of
radi ati on commonly used in sem conductor |ithographic operations, by any
conventional nethod. Material |ayer 54 may be either a partially |ight
transm ssive | ayer or an opaque |ayer, depending on other features which
are to be created using the reticle, a portion of which is illustrated in
Figures 5-11. For a paa??ta#@Dqsgﬂpnppeﬁfsqhes%mferrpé@n,bOanlcayer 54 may be
an attenuating material such as a nolybdenumsilicide. For an opaque | ayer,
saver 54 may use nat dhicht Solbwang Asraclod AFssriptl dHYiréeBnck iPMadX kdehe gol d, or
tungsten, to nane just a few Since chrone is nost w dely used, and for

25 February 26@4mpanGihg3Bowingd wiicH (05 4 P8 hérsothmd i whidhas skdwh e waet hod
steps, reference will be nmade hereinafter to |ayer 54 as being chrone |ayer
54. However, ¢filgstoarian specitindertodimdntshatwvhitiosiee it hitien may bepraantedwi | |
recogni ze that a light transm ssive material could also formlayer 54. 5
Layer 54 of FTB‘EfFé"%?QﬁWlCBQ e pessribed in peffcicnadspilitormnablspsosaskillabingy
conventional processes such as sputtering, chem cal vapor deposition (CVD)
or electron b‘g‘ﬁﬁfﬂ@p@?ﬁ?‘?%ﬁ#e(@ﬁ@)‘lpnm 1015 80 Of aiplersioed &Eﬂ‘é"'-BFf a pattern

| ayer 55 is then deposited,over. chrone,layer 54. Pattern,| ayer 5 may be
made of any nca[?%?iﬂa oIy 05 W&ﬁ‘g’fa&d tha %"bﬁ?f;’é’riﬁ’g’t‘:&? %P%Ellﬁéglfﬂ‘g?hmﬁ er
and wi |l dep iat.l C i st equl nt used in
subsequent ster{eigysBpg&&gﬁgﬁn‘%ﬂe@b&ﬁg‘ﬁeﬁ%@%gélrftoir?%bsgéﬁ%gﬁt}f rc\g%qﬁte system
is uged, pattigtéhdgiyer 55 will be fornmed of an el ectron beam sensitive
photoresist. Alternatively, where an optical systemis used to generate
radi ati on of a particular wavel ength, pattern layer 55 will be a t5
conventional phot or eThetiemm ‘Brifad”. and “substrate™ are to be understood as including

silicon-on-insulator (SOI) or silicon-on-sapphire (SOS) technology, doped and
undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. Furthermore,
15 when reference is made to a “water” or “substrate” in the following description,
previous process steps may have been uitlized to form regions or juncdons in or
on the base semiconductor structure or foundation. [n additon, the
semiconductor need not be silicon-based, but could be based on silicon-

germanium, germanium, or gallium arsenide.

20 Reterring now to the drawings, where like elements are designated by
like reference numerals, Figure 3 illustrates a portion of an alternating phase shitt
reticle according to a preterred embodiment of the present invention, which is
adapred to torm a lavout or design for container capacirors in 2 memory device,

c.g. a DRAM, ar a pardcular level of fabricadon.




Reference is now made to Figure 7. After preparing reticle substrate 52
with chrome layer 54 and pattern layer 55, pattern layer 5%zigp 566k t O
radi ati on Qy _a. scanning electron beamor light, such as froma |aser.

Radi ati on éﬁ%PHFﬁﬁ‘fron1a radi ati on soufce is inaged onto pathFﬂ”WH?ﬁV755.
The i magi ng 20 process results in the transfer of 180-degree phase shift
region pattern to pattern layer 55. This way, the 180-degree region pattern
is exposed. This stepsi,n e fabricatj,o r : .at ich 180-deqree
regions arc patter negﬁ‘é*i"@%eff"eé ét%l: fbhc%tgﬁggglﬁrcggct:mm“ﬁ 26 WTPES™ The

pattern layer oo 38 | FigBfesd-Bh nditeQd Rl Qo AR At EChndhtd® saBsBNSEEM

and the 180-degree region pattern is developed to arrive at the structure

illustrated i i garBUbEed/intd\s lihosediznelink @egivhi, Isgadedenpatansf er of pattern
wil | 25 February 2004 W 01163864 12 PCT/ S01/04817 typically use an

el ectron beanpeideeginingd delesddiibdartdnged iRlagNapiRsstablif atwoa\pey deina patt ern
transfer using an optical imaging process using radiation having a

wavel #ngt h r adggmg phasemshith eegierps 4 Wdtl@ Oadegrte podenhifonegiens56.0 Eaph bt ele
wavel engths up to about 440 nanoneters. 5 Reference is now made to Figure
8. After prep8rdaggeaphdse bhiftygpons ax bogaded oh a idsaby | l@Pededde phasephitt er n

| ayer 55, the pattern |layer 55 is then devel oped tq obtain areas 68 (future

180- degr ee r efAZHPRY) BRUARY.arla of gt d PArdseser phdc ehftgigiqrgyeporadedian gk own

in Figure 8) areas 66 (futyre QO-degree regions) have portions of pattern
| ayer 5 ~ on f‘ﬂﬁsrrl?-” akﬂcgé“éﬂ'@é%g}@g rEgg’f':lﬂsure 180- degrees t0 regions) have
only chronme on them horn chrone |ayer 54. Next, the structure of Figure 8

is placed in a high %E%%%Pgléﬁmsg&%@g&lsﬁg’?’{&;’wgg%‘%%) ﬁﬁﬂli?cratEBEn?O t he

desired depth to obta eep r'egl as shown i

Figuie 9. AregsofifpletRYRindeAbvidRped f@@«ide'gp& Akd Bk dra%CldenBtedLECHD LT EN
and devel oped during a process 'step generdlly is known as the "secon

wite. " At thasemdn@tnmecﬁe@mymﬁrc@m,rl@medieygwpm@aiﬁ& hy@DAfis areas 66
is removed and the structure of Figure 10 is obtained. Next, remaining
portions 76 (&srgpiceidBpundecchy chiree I0agetred phasecshét ateas, voliith apy idndhied)as

0- degree phase shift regions 86 and 180-degree phase shift regions 88 on
reticle substABCe (26, and A stespeasiveln Fi gure 11. Each of the 0-degree
phase shift regions 20 86 is bounded by 180-degree phase shift regions 88,
and each of the 180-degree phase shift regions 88 is bounded by 0-degree
phase shift regions SeEUrERtIBETIET fo%crﬁ?gaﬁbmﬂn%mswrﬁao 8§ produce

finely spaced features, such as capacitor wells .in an insulatin er of
= Sett conduct rBEMTE R R A RO R RE b SR RBTE T 1t HEUE SodF
i nvention hav : q?ﬁ | (A L.pt.ended & p nt
invention be ?%Sﬁggr ‘?‘3. gﬁfé’xﬁﬁxécrngiggn%? %B?Er%eﬁﬁtog %{7@?&? H;Qﬁ %g@eand
substi tuti onsrh Q-SRI bf HeqSHSSart, which was shown in Figure 2, regions 33, 35,

and 37 of Figure 4 define the areas that will subsequently be removed to form a

well or hole for a capacitor lavout.

20 A companson between the light intensity contours ot Figure 2 and
those of Figure 4 reveals an increased and sharper contrast benween different
zone areas corresponding to ditferent light intensities, such as for example zones
25 and 35. The edges and corners of the pattern of Figure 4 are also more
sharply defined than those of the pattern corresponding to Figure 2. Thus, the

25 rounding ettects that characterized the Figure 1 reucle are less pronouncéd when

using the reticle of the present invenuon. Accordingly, the reticle of the



25 February 2004 W) 01163864 12 PCT/US01/ 04817 typically use an el ectron
beam direct wite system it is also possible to perform pﬁgﬁpﬂjaﬁ%ﬁ@ er
using an optical inmaging process using radiation having a wavéel en

rangi ng frOMOOKNE38&$dep- LTV to about 200 jganoneters to optical weraisengises up
to about 440 nanoneters. 5 Reference is now nade to Figure 8. After
preparing reticle substrate 52 with chrone | ayer 54 and pattern | ayer 55,
the pattern I.axer.55 is,%@?en devel oped to obtain areas 68 (future

180- degr ee r GV THI™ BIPVIERSi 38 ERIGHEE FerresPondents hemvetr thegurginglcircas shown

in Figure 8) areas 6 future 0-degree regions) have_portions of pattern
| ayer 55 on tTél nWﬂﬁ YRR ”@é‘sggﬁ‘attﬂr‘sgf 9‘-‘%@%&‘9%@0‘1"6 ragIeasiible auat onl y

chronme on th . : t he structuyre of  Figur is
placed in a ﬁ%ﬁg@g%ﬁ ‘?5}9 %Fé:!s?%g{e gﬁképwggh%‘éﬁéﬂdipﬁ?‘ggﬁéWd‘él‘%fr'%‘}mg‘é%rhe
desired dept heligle QhiRidhnldf- degree phase shift regions 88) as shown in
Figure 9. Areas 66) containing the remaining pattern | ayer 55, are witten
and devel oped during a process step generally is known as the "second

wite." At the end offHelpresat @idntohiRovit@ B Atdidati&s bilse! A M WL GRS 66
is removed and the structure of Figure 10 is obtained. Next, remaining
portions 76 (deggrer phab®}hiff reglomriounzitdralladowidbel batkgedd phdik GBifGepidns,

0- degree phase shift regions 86 and 180-degree phase shif‘? regi ons 88 on
reticle substandtweits3B0adegired phaseahifdrdgionsi lgumeed bl abawid bf Ot degré: plege ee
phase shift regions 20 86 is bounded by 180-degree phase shift regions 88,
and each of tht xsiRRegAkiopaRIhe prestnt invgnunshesbden drscnblativiny réferhmge ee

phase shift re%lgons 86. The,rethI e of Figure 11 can now be used to produce
finely spaced®fBaighasalisntngphassshifi regionteltiisto b uadesstand tat ng | ayer of

i d . i . Alth h Dl nbodi t f th [ t
ovalt | on havtoHBEHOHE < e tRad e e RBiar I ket e arbiac e ant
. (i be Lini n ' ! e Modificat] d
subet tuti onderdiide 8ot fackt WRHLALEAARAIRR S ol Byt o atrog | .
1. A reticl eofehic #%€ntién SEBRL E%P&t e #&Yﬁfﬁlﬁx&f_@p{sé iRk rggmn%%ﬂf Ha5k iagl e

conprising: a substrate having triangul ar ransm Ssi ve regi on

thereon, at keasigutitoOdtheldbleRapl! A1BH} 28 HYLsiAQIQINS0-Regice PG f"ﬁlft'
substantially zero-phase shift for IPiEght ggssi ngSIt her et hrougﬁl,c sal d at

| east one | i giees areadnmuridedi byel 8@gicgrechavisngdaildfice dga80-&ske phass ghigt Si de
edges of said at |east one light transm ssive region having an abutting
| i ght transnieds i basgided whd clegpreqphiageshift aptsase shift for |ight passing
t heret hrough. 2. The reticle of claim1l, wherein said abutting |ight

transm ssive region _hﬁ a 80-?egfree, phase shift region. 3. The reticle of
claim2, wherein sai qméa% U bretingshieritle asgprehng e the preseagentench of

idsid doges havwvi tti bstanti al I -ph » gshift i )
2 e e R Pt e M 0 R A YL L BB e B sy | o
| ted f i i f t il | , d
2ol oot ed ¥ OMGe SO OHAAONTLTL S lodah Her OB A% MMl 0
said |ight tﬁﬁﬂﬁ&kﬁéf%ﬁich%ﬂkﬁ?(é) rf‘@r‘}ﬁccpét"stiﬁélr#l%s 'n%{:q 8%3%%%%“9“ A

met hod for formng a reticle use i n seri col rrcation,
conpri sing: glass or another material transparent to various tvpes of radiation commonly used

in semiconductor lithographic operations, by any conventional method. Materal
layer 54 may be either a parually light transmissive laver or an opaque layer,
depending on other features which are to be created using the reticle, 2 portion
ot which is illustrated in Figures 5-11. For a partially light transmissive laver,

25 layer 54 may be an attenuating marerial such as a molybdenum silicide. For an
opaque laver, faver 54 may use materials such as chrome, alumtnum, iron oxide,

gold, or tungsten, to name just a few. Since chrome is most widely used, and for



providing a reticle substrate,; 25 February 2004 15 forming at |least a

partially light transm ssive |ayer thereon; formng a patt%rpeto [ o sai d
partially I%&I’%Mnsm ssive layer; patterning said pattern’| ﬁ)r;;(%gﬁ =l

pr edet erm n rn, which can be usdd to etch said reticle 87 o
format |east one triangular |light transm ssive region providing a
substantially zero-phase shift for |ight passing therethrough, said at

| east one lig@hgq&a&aﬁw%& | PRepaviREnsk A8l B98Me BAERREN wgvaisiﬁ

edges of said at |east one light transm ssive regions having an abutting

light transm g§sb¥agl-Bes@e IV GR. [ evEdeSitaholidte shddritobathhd @lke Pas&d ng
t heret hrough; and etching said substrate through said pattern |ayer. 7. The

met hod cf cl aimnif arvhell edvogamedhabaulighngardsgésivet maresinl swild alsbagimniaies about
180- degree phase shift region. 8. The nmethod of claim®6, wherein at |east
sone of said Pkght transmi ssive regions are partially light transm ssive.
9. The nethod of claim6, wherein said reticle is forned of a materi al

selected fromthe group cagnsisting of quartz, silica glass, and
borosilicate glass. veRShet Fo@RIES MAY PRidgportedednte|campspirensihsprare 52

sem conductor  device fabyication, conprising: 25 Februa 2004
providing a r&¥iFeRE PERRESSSY HicHi 1 GP At eIt Fhe ALY R eﬂPOflcS?ﬁ%Tab a
pattern layer on, said,chro | ayver,; tterning said pattern layer with a
pr edet er m nedoﬁﬁkcfté?ﬂ,bcmiﬁoé%nﬁg d%d to etch said reticle substrate to
format |east one light transm ssive region providing a substantially

zer o- phase shift for {igh H%gﬁ'l ; t ﬁ’d&?ﬁ i=d - e&a@t{) i ght
transm ssive region hrg%/}?hés sl de glgg!g{si?crg’adgél 0 tlﬁ%ii'glgdg%égge 8?%3%’&({ at

| east one |i gbkrdnicaRSH 61 PRréRULRASSNANY BE nadleTuhl inldeidlaREd t6 aARESST Ve
regi on which provides a phase shift for 1ight passing therethrough; and

et chimg sai d pidrdl 16 aSeubséquring ldver o tvilb degknaigat thel ragiation tharadteeistiat hod
of claim 10, wherein said abutting light transm ssive region is about

180- degr ee phafthestyuipmergused.in 52bseghentmetiso Farfexainglaywi®re whekeiranat | east
sone of said |ight transm ssive regions are partially |ight transm ssive.
13. The net hobcasm diseed writeosysigie iseisad spateern jayhr 5 vall Sgifesnedof ayrlsagonr e
triangul ar regions. 14. The net hoﬁgof cl im&O, wherein said |ight

transm ssive é%l%icé’h%efﬁﬁ@u FIMRBY T Hr¥here AapRRcAt Y8R © to

generate radiation of a particular wavelength, pactern layer 55 will be a

15 conventional photoresist material.

Reference s now made to Figure 7. After preparing reticle substrate
52 with chrome laver 54 and pattern laver 55, partern layer 55 is exposed to
radiation by a scanning electron beam or light, such as from a laser. Radiation
emerging from a radiation source is imaged onto pattern layer 55. The imaging
20 process results in the wranster of 180-degree phase shift region partern to pattern
laver 55. This way, the 180-degree region pattern is exposed. This step in the
fabrication process, at which 180-degree regions are patterned, is referred to tn

the art as the “first write.”

The pattern layer 55 is written with an electron beam direct write
25 systen and the 180-degree region pattern is developed to arrive at the structure

illustrated in Figure 7. As mentioned betore, while the transfer ot pattern will



17 15. The nethod of claim10, wherein said reticle is fornmed of a materi al
sel ected fromthe group consisting of quartz, silica gl assQﬁ‘?’%ﬂmary 2004

b ilicat

I NE2/ N/ NE?/W@/ N-/ N NF' / Ny/ NFg] / N2@ NJ@ N) / NO/ NO/ NOB. - z SGH5U8144817
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7cl 1hTvesss) cupbl e o ebealenl l cof sl calan €A ogRl ol aaleel o2 ©

a] ca] ca] ca] ca]ca] ca] ca] ca] ca] caJcaJca
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<V109%& () - F10P4fidnk) 1Q06nl( khfsid 0% fheor, BbAT EGrobdOMiek 34 9#/ 109%& () - 99-

10%& ()- Fl+"10%' ()-9%g 109%& ()-F3" %0%& ()- 35xmb@"10%& ()- 10 10
109&9@0%& ()- 9Y7 10%& ()- c5=%40%& ()- 93cl0%& ()- Sz GaBnmb@-
109X&' () - $109X& () - Next, the structure of Figure 8 is placed in a high density plasma
etcher and erched into the quartz to the desired depth to obuain 180-degree
phase shift regions 88, as shown in Figure 9. Areas 66, containing the remaining
pattern layer 55, are written and developed during a process step generally
15 known as the “sccond write.” At the end of the sccond write, remaining resist
layer of areas 66 is removed and the structure of Figure 10 is obrained. Next,
remaining portions 76 (Figure 10) of chrome laver 54 are etched off, producing
0-degree phase shift regions 86 and 180-degree phé.sc shift regions 88 on redcle
substrate 52, as illustrated in Figure 11. Each of the 0-degree phase shift regions
20 86 is bounded by 180-degree phase shift regions 88, and each of the 180-degree

phase shift regions 88 is bounded by 0-degree phase shift regions 86.

The reticle of Figure 11 can now be used to produce finely spaced

fearures, such as capacitor wells, in an insulating laver of a semiconductor device.

Although exemplarv embodiments of the present invention have been
25 described, it is not intended that the present invendon be limited to the

ilustrated embodiments. Modifications and substitutions to specific process




109K& () - 9#109X&' () - 99109& ()- !"10%b& ()-G Y dEmb@)6##109%& ()- ¢
1100668 () - 109 () - 109K& () - 109K& ()- ) %O0%K& ()- , 2xB@A%8, bdga 10X
10X 10X5vyaiéeas Y. 1098 () - p, YLOUX&: {) - PCTIUSO1/04817

Y 0YX& () - 2b7cl WBmb@3" 9409’ ()-= ! F3" %0%&' ()-= ! F) 9%0%&' () - Z

| F) %40%& () -Z

| WA0%ss&' ()-! GA0%sbsh& ()-14567eoMa3" %409 P" 10%&' ()-!zP"10%JJ& ()- 10
10 10! %9- ZUcoRRidr)s-and! sEQc AKX OB 69 rrad S5el MR b Bt HOSLHC) spirit and

10998 ()-)#10%& ()-109%& ()- &WO0%W& ()-8&10%I& () - 55} F

dEM@F3" 94.5$159959@0] Jhe presen0Idp@ntipn, $roogngly, theintOVd@ (5nBHPIRIE () - -
10%& ()-i 2l @A Bl pl !l ~\ =109 ()1 "109%77& ()-1"109% ()- 10] 10J 10J] 9J
10%& ()- 7 <Posiggred)asibeme limised by\tho ferrgome Jesonpugn pd drawings, but is

0/Q! . /R -
910%& () -: $1c9n{}&lil(r}1tcg by the scope of the appended claims.

5 What is claimed is:




109& ()- &LO%&' () - ##R$UYB4 &&JE~\ =9' J 109&' ()- 9 %0%& () - FS#=940%&' ()-9J
109%&' () - FZ9%40% ()-c 0910%& ()- &&@''' dE~\=c 810%&' ()-

5] 109’ ()-9\/ 10%&' ()-)s-"10% ()- c +910%& ()- 25 February 2004
9( 710%& ()-" 2(3(4(5(b(()E) {\ =V#109X& () - VOc10%X& () -

lom' 109%& ()-! m' 109%00& ()- 10 10 10F9$10% ()- E))) +e+++dE{\ =109%& () -
z109X&' () - glg%(&' %a 9] 1Q%& () - T#109%K&

PLOYX& () - +§’ ar, : aEPe 1690’ () -) +10008 ()- )109X& () - 6#" 109X& () -

L' }109%X& () - F P1OYX& () - b--- 0.1.2.3.a.uj_=!"10%& ()-# 10X 10X .
10X6° 109X& t)- A reticle for use in semiconductor device

4109%& () -, 2109%& ()-! @ O0$109PXPX&' ()-a.../?///dE _=!s&10%& ()-"10%& ()-10%

& ()- ClOW@fébISi@@@b@) SEOYR re)1/1&OrROPLdEirg s109& () - 109%& () -

109 ()-s3&10% ()- f109%& ()-s109%&k ()-1*1nml112 2dE} _=!s, 10%& () -

*10%& () -s(10%& &) - @bE@¥8'te) - having triangular light transmissive

V$109&' ()-s! 109 ()- 2r2233333I3xmb@!1"10% (& ()-# 10 10

10s410%& () r83105%& OrdrleftL0%t (Netst1 9% (br) HB4P5POHA M @ARNCK d - M
regicns providing a substantially zero-phase shift for
light passing therethrough, said at least one light
transmissive region having side edges, each of said side
edges of said at least one 1light transmissive region
having an abutting 1light transmissive region which
provides a phase shift for light passing therethrough.
2. The reticle of claim 1, wherein said abutting light
transmissive region is a 180-degree phase shift regicn,
3. The reticle of claim 2, wherein said 180-degree phase
shift region has side edges, each of said side edges
having an abutting substantially zero-phase shift region.
4. The reticle of claim 1, wherein said substrate 1is

formed of a material selected from the group consisting of

quartz, silica glass, and borosilicate glass.

5. The reticle of claim 1, wherein at least some of said
light transmissive regions are partially light
transmissive,

6. A  method for forming a reticle for use in

semiconductor device fabrication, comprising:

previding a reticle substrate;
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10%& () - "TOHEY) - %10%& ()-sHH dielflglil =I1"100MN& ()-!"10% ()- 10g
10g 10g9- 10%& ()-710%& ()- |
6$10%g& () -1 6JIENKOKE =21 \BADIRER) - AR (‘?QV\ﬁ@% (pagtially light
=109&' () - s#) 10%&' () - sV10%& () - DKKK/ LbMVWHE =! !

29109&' () - FBHSTE0%E () ve/cUOBE ( ) - FS109%& () - Vi 109%& () -

FV10%&' () - MNj NNO*OOUE =! | VIF109&' () - V#/ * 10%& () - FV- $109%&' () - V+109%& ()-V)
109 () -V &EQ%R fn)ir{PPeBRRBPPXxpdt@4 1 10%ey&' () -with a predetermined

pattern, which can be used to etch said reticle substrate
to form at least one triangular light transmissive regiocn
providing a substantially zero-phase shift for light
passing therethrough, said at least one light transmissive
region having side edges, each of the side edges of said
at least one light transmissive regions having an abutting
light transmissive region which provides a phase shift for
light passing therethrough; and
etching said substrate through said pattern layer.

7. The method cf claim 6, wherein said abutting light

transmissive region 1is about 180-degree phase shift

region.

g, The method of c¢laim 6, wherein at least some of said
light transmissive  regions are partially light
transmissive.

9. The method of claim 6, wherein said reticle is formed

of a material selected from the group consisting of
quartz, silica glass, and borosilicate glass.
10. A method for forming a reticle for use in

semiconductor device fabrication, comprising:
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forming a pattern layer on said chrome layer;

patterning said pattern layer with a predetermined
pattern, which can be used to etch said reticle substrate
to form at least one light transmissive region providing a
substantially zero-phase shift for light passing
therethrough, said at least one light transmissive region
having side edges, each ¢of the side edges of said at least
one light transmissive regions having an abutting light
transmissive region which provides a phase shift for light
passing therethrough; and

etching said reticle substrate through said pattern
layer.
11. The method of claim 10, wherein said abutting light
transmissive region is about '180-degree phase shift
region.
12. The method of claim 10, wherein at least some of said
light transmissive regions are partially light
transmissive.
13. The methoed of claim 10, wherein said light
transmissive regions are triangular regicns.
14. The method of claim 10, wherein said light

transmissive regions are rectangular regions.
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