; yze3ehTe46TTEM WO 011 63864 1 PCT/ USOL/ 04817 A NOVEL CHROVELESS ALTERNATI NG
RETI CLE FOR PRODUCI NG SEM CONDUCTOR DEVI CE FEATURES 5 Field of the

| nvention The present invention relates to a photolithography reticle for
use in 1o manufacturing sem conductor devices, and nore particularly to a
reticle and nmethod of nmaeking it, which can be used to sharpen the |ight

used to exRRSfi/esssiBski ng material and thereby inprove the gghidiibis¢n of
fabricated fea?ufes. Background of tﬁ% | nventi on Photolithogﬁ%p & ?g

commonly used in sem conductor device 15 20 fabrication to pattern various
phot omasks used in praQeesEIYCAINONMELEAS| SYEERATESGSt is deposited on
the wafer and expoRed T¢I RHORPRUNIFEUING SEMARNONIFURITADR such as a mask or

reticle. During the exposure FhROEEE. FERE{3Es energy, such as ultraviol et
light, is directed through the reticle to selectively expose the resist in

a desired pattern. The resist is then devel oped to renove either the
exposed portions for a positive resist or the unexposed portions for a
negats ve resist, form ng thereaftrid af tieSinsknfidek on the wafer. The resi st
mask can be used further to protect underlying areas of the wafer during

subsequent fabricati-pf HQOEFRESuorS RS a%BQﬁjtﬁti)%Qph\etreﬁnE R usPln | ON
i npl antation processes. An integral conponent of the photohthographic

process is theaméidnadirg €hiddneucet deha:s) acl mdepatdielpittb arrBudloindassi ng,
bl ocki ng, or phase shifting fight to expose thetghotoresist which is used
to form f eat UPggod of grakingig i @p bsrusehpndirtsp e hglttuspd &) cxposeaa parti cul ar

| ayer of a sem conductor, deyice. .The reticle |.s typically.a quartz plate
conted wi th d BE Bl Hed I gM By ck R marerr d SLERTae F3RH i
01/ 63864 2 PCT/ CISOLl/ 04817 exanple, chrom um This n~pe of mask is typically
cal led a binary mask because light is conpletely blocked by the Iight

bl ocking material and fully transmtted through the unbl ocked quartz
portions Binary nasks pose various problenms when fabricating dense

circuits. Background of the Invention

Photolithography is commonly used 1n semiconductor device

fabrication 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 energy, 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 either 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 fabrication

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

An integral component of the photolithographic process is the rericle.
The reticle includes the pattern for passing, blocking, or phase shifting light to
25 expose the photoresist which is used to form features (e.g., transistor or capacitor
structures) at a particular laver of a semiconductor device. The reticle 1s typically

a quartz plate coated with a patrerned light blocking material such as, for
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5 Light passing through the edge of a pattern within the mask (e.g., the
boundary between a |ight blocking region and a transparent region) is
oftentimes diffracted This neans that instead of producing a very sharp

i mge of the edge on the resist |layer, sonme lower intensity light diffracts
beyond the intended edge boundary and into the regions expected to renmain
dark. Henc resultant |0 feature,shapes and sizes dey at
fromthe iﬁ?gﬁﬁég4lc desi gn Because i%tegrated circuit naﬁﬁﬁz%?aﬁgﬁﬁhhave
continued to reduce the geonetric size of the IC features, this diffraction
can produce wafers having dies with _ inconplete or erroneous circuit
patterns. AtteRTRiedhiomise sHIf PPratRes (PSPl sated BderrgBek PeGer cone

the 15 diffragti i ' epth of f
of i mages. pr oy e e b R oo ASPRIAbI A RRBERE i P

utilize partiakdygH thansBicskiVGulr@Riiénd N addition to the Iight blocking
and light transm ssive regions used in binary masks. The partially

transm ssive regions typically pass (i.e , do not block) about three to

ei ght percent of theBIREhPAkRBYS A REGRVRIODISTNBYEBVRIICAR BRI Ciraifsy

transni ssive I r iL.aned .s h t.h iah i is shifted
by 1881degreegﬁghg%%ﬁEESngﬁd%ﬁx%ﬁégfkaﬁ%nﬁggg%ﬁg:%ﬁ%gﬁﬁﬁqﬁﬁgg@%gﬁéparent
(e.g., transnb&sede) ligedhlonsng kRS, andQram@partigegib8Nk ofRhERE Ng out si de of
the transparent region defined by the PSM pattern edge destructively

i nterferes w diffrdcieght Tipassimghivipsreachel pyaduded 4 yery skamg rags ofahe edgeons. Thi's
way, the 25 detrinentgl effects caused diffraction,can be controlled.

V0 01/ 63864 STPEH TR TRERE T AT M RE R A At b 2P Y e e out s ar e
generated far,eaAnPhRl RFCH$teibAY&bedl@to Addin BEKPRILEL MR resERGh reticle

| ayout includes a pattern for %Iocklng%@assng light which is designed to
produoce, t hr ofegturt Hrepexpoiseds phvdttos@sewshar ioor respendehiC dengui Becheat ur es.
One such representative reticle is 5 Shown in Figure 1. This reuctile is a
0- 180 degree H{¢ESHEACEH pRABE SR have Fpripricd SR &FqUGe PreotfeE Uat4etined ar eas
for etching ap, i d | ay . . d-ayer . . Pl e s for
fabricating cglﬁt%s %%t;ﬂgega%hgc%?ﬁ tslgn %&F’?r P‘Eﬁ% Qbaft&gﬁavé?é gﬁcgg lr{lg(fcim\é\qﬁéetcl ayout
have been nodbf éeshebys ORGidRpkigal proximty correction) techniques to
generate a tnuditicd |ayout su that if exposure were directed t O through a
rettcle having such a nodified |ayout, th hot or esi st woul d be exposed in
a pattern which tncl ¢HEBUFE PH?%gu&ﬁ?%hsﬂﬁpg) PEREE) WEPPIVEHRIMESDE he
corresponcl i ng; g ' ' e T b | ayout may
e oohbenr e SEEERSL SRt AL Calh gl M DR T

i nstance, usi p@jdctddadntanda@et Qk.,thd PhtGBreei¥) e ARRERIPEIs Ralitd gdiial | ayouts.
15 An attenuated phase shift mask which has dif3:erent regions of d.tffenng
phase shift vabrueyssrycgenmmadditengo iy ightpleskangaapd lighopragsgusspke, the 0- 180
degree phase shift mask, .illustrated in. Ei ure.lx% can be made by taking a
substrate of EFETHASHLPEHP-HREST At el SE0TE 2 SOREUTRGSY ¥ ckness
such that inctidento hdi@bckpassicnret 6 eﬂgthérbﬁuloayreemgfhs tedy kh@csanme phase as
the light entering the layer zo (0 degree phase shitt), "and etching into

t he siode of t Weorguar.tthe payielly wirsmassive gigiorserd destgncad selépt tholkghe bhewidol  shi f t
t he phase of inadent posure by 180 degrees (relative tq th degree

regi ons, i.e.?“?Hégﬁggﬁﬁﬁé%ﬁﬁgfﬁé“1%V@F%ﬁﬁ}Eh | %ﬁﬁ%¥“ﬁggﬁ88§’ produce
the 180 degre i f i.Q h = H ied on the

[ 'ghi ent eri ng e aart B bt ek Eisae Lo Tl sy BE et SUBRRL | e 7

wher e i nci denbutsidghif tish@idsparand re p@s slefilddobigihe tS®1 patbsh kagedandcavelyayer of
partially transm ssive material i s also applied on the quartz |ayer at the
| i ght entry simerteres wyh bahte3gene @opchy psealougrpisve Fegias. diushey, Hegi ons,
to formthe pactl.ally hiansmesiveal80,degree phage shift regions. This

~, vay, transm Ssive or ranspargn I'égi ONS 2ot open quartz, the partially
transm ssive regions 14, and the bl ocked regions conbine to forma 5 |ight
pattern in a photoresist |layer. The transparent regions 12 pass the |ight

wi t hout a phase shift. The partially transm ssive regions 14 pass only
about sLv percent of the light they receive with a 180 degree phase sh ft.
The material used to formthe partially transm sswe regions 14 is any

sui tabl e opaque material, for exanple, nolybdenumsilicide (M-Si) or
chromium fluoride. A preferred



|0 material for use in nmaking the transparent regions 12 of reticle 1 U ~s
quartz. However, any other suitable light transm ssive material such as
soda-1ime glass, borosilicate glass, or other simlar natural or synthetic
materials can be used al so. Light blocking regions are typically formed
with a chrone |ayer on the quartz substrate. 15 Although the Figure 1
attenuateqwgmﬂéﬁm§hift reticle is adeguate for many applig%&hgﬁﬁ08§§

sem conduct ors Sl zes continue to decrease, the light pattern prodhced by it
beconmes an increasing problem Figure 2 is the aerial inmage response with a
critical dinmension contour (CD) of the printing i mage of a capacitor design
formed with the atteruatsddophasahaht.fretigle edes peyasgerapfd for gaiabe 1 20 Figure
2 depicts different regigns which corre nd to,d~f~Crcl 1t Iight
intensities WHF%%f%?émgfgﬁhE%ﬁ‘%@P¥H%P rQ%Fng“¥%?Y%¥ 9d*%§aégﬂf8hr of the
desired printibAgobiNRELodssingRgiRaatied doYighdd@ Rdduce VRRBLSXBRS&FodeA 2
positive photoresist, the area encapsulated within hire 21 of 1~igure 2,
that is the arheeorng| udicperneer@y, fefbres aftheich feprasemmvededrdisan et ch
opening is formed ma phqtaqresist, 25 Unfortunately, the light intensity
contours of a Paeéfhtﬁéwég}sqﬂﬂs K ne éj-,lSgtr%ﬁfcagwé@%&haz%gaﬁdc% for
exanpl e, are r i i -m evel s i IS
diffracted aﬁggggfE%F§é¥%§§%¢%§§%§g§ﬁﬁgﬁé%?@B“gkggﬂ%F%éTéfl?%%%g@%é a W
011 63864 PCT /tUFpQ)audeQécm?ormmrcaﬁ;s@c&fmh&g&aﬁaa@Es. Statiesk sthesise, a |ight
rransnmon regi on across the boundaries of the defined tntensitl~ regions 23,
25, and 27. Preodt favow eBebtan wedifed py OREE (dppcaienaveryycocieosal)y spaced

circua pattern features are lithpgraphically transferred to a resist |ayer
on & vafer . TRETTRGHE gEpste gr o AR ERGuE Ry s deBESuR b sty es

i nter@act, theneRhdi SLAE hhiGe L6 o tho@kied 9O Bl b DL S1§ Bat ur es.
Accordingly, features that are mclose prorimtt- to other features tend to

be nore sign dxpoedndv pditetoritigdinchdns feemtasrvdschnmoohclasely appkatmedeythesol at ed
fromother features. :~s a consequence of the unsharp profiles in |ight

i ntensin, ~ frofeRdngioned Gaufeinfedicuitlyeue dias merificH davguy Brpped
phot or esi st pat tend t I j.ne hese areas_than in

ot her areas n%%%%ﬁgg%%ﬁ£%§?¥3rﬁ§§$%ﬁ£%%.fé&%éggg&éﬁ?é§¥a’% Cf’:’ircuits,

such as VLS, uddesial ddudrf@AhiofBERSp&RACCAMS Barit kit hpgh@f features which may
significantly degrade a circuit's performance, since the correspondence

between the actual circuit design and the final transferred circuit 15
pattdfn on the phot ofiedafteruareshiiasq fuffmaslewBicl haydiffersar regians IPAAPepRSf i | es

can result inlg qu f mafeg surface area mhicp correspon j y reduces
4ase S %V% cS l’]{laV e made inavafiety df ways. or ex%fn%c C A~
the total aréed avarl abre for deposited conductors an ctordingly results

i n undesi r abl gegrdtCiRAASifk haGQ MR hced &S FRLaNL,RaMGe oiade Blciking hertRuhe a need
Eor a sinplified phase shift reucle which 20 can be used to precisely
fabricate snaffia winsparent thatatals wish af guarex Amphsez titkosss|sych that incident

light passing through the layer is of the same phase as the light entering the layer
20 (O 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.c., the regions of the layer which are not
etched) to produce the 180 degree phase shift regions. A chrome layer is also
applicd on the hight entering side to block these portons of the quartz substrate
25 where incident light should not pass through the substrate and a laver of parnally

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



spaced wells for container capacitors used in a nmenon~ circuit. Summary of
the I nvention The present invennon provides an alternating phase shin nmask
for a 25 capacitor |ayout schene for a nernorv device integrated circuit.
The alternating WO 01163864 6 PCT/ USOL/ 0481' 7 phase shift mask has
regions of 0 and 180 degree phase shifts arranged in a wav such that all

si des of eaghifeSigh ON correspondi ng to4a gwen phase shift vaiigesbfipounded
by areas corresponding to an opposite® phase shift value. The present

tnventlon also provides a method for produung an 5 alternating phase shift
reticle having regions of 0 and 180 degree phase shifts arranged in a way
such that al lovel destabideegpny egicom wepPraisioansmjsstvo 1§0glegrg praseuhi f t
val ue are bounded by areas corresponding to an opposite phase shift val ue.
The reticle ¢&¥°Pe used to produce densely packed capacitor features, in
whi ch the variance between the actual exposure pattern and the de5|red

exposure to pattern Tigs vegdut@emissiteodrimpiand Reioph a3 er spéd fureualee of the
present invenu~n counteracts the diffraction and proximal effects, H-hile

i provi ng botrrtiall tragsoisuitd laoand degtthe dfocketipsiand combinereahem ¢ t ed |ight.
Addi tj onal nt ages.and features of_.the present .inventio hecone
e teadi |y WEEDAREE i 7 Shy EREVT G Trovilig bR AT TeEEBBY LT PEY RALEE (he 16

i nvention, Whiighuk$ fpl@&%é%\éh@@drﬁéﬁpé%ﬁme&ids&%m‘% Péglcﬁﬁqqrmesfwlngocﬂﬁ@w ngs.

Brief Description o he Draw ngs Figure 1 | ustrates an aerlal i mge of a
conventional mtdcenotthedighhese rahive tvithet 18( @egror piasbstiic dfhagaeapased or

container wells, 20 Figure 2 illustrates the aerial fight intensity inmage
contours pr odﬁc@ﬂmtﬂ}" PNé"‘”r%E‘P‘E:‘-‘F"éSSI"é)?%?“SO]f iRy Etable gpagyg Bagriph [Qist r at es

an alternati rgalﬂgé,s%o?ybd];xttunq?’ﬁladg?lotsotél&l(é‘; ggromlum fluoride. A preferred
P

10 material for use in making the transparent regions 12 of reticle 10 1s quartz.
However, any other suitable light transmissive maternal such as soda-lime glass,
borosilicate glass, or other similar natural or synthetic materials can be used also.
Light blocking regions are typically formed with a chrome layer on the quartz

substrate,

15 Although the Figure 1 attenuated phase shift reticle is adequate for
many applications, as semiconductors sizes continue to decrease, the light pattern
produced by it becomes an increasing problem. Figure 2 is the aerial image
response with a crincal dimension contour (CD) of the printing image of a
capacitor design formed with the attenuated phase shift reticle layout of Figure 1

20 Figure 2 depicts different regions which correspond to different light intensities
which are produced by the Figure 1 reticle. The contour of the desired printing
image is delineated by line 21. When exposed in a positive photoresist, the area
encapsulated within line 21 of Figure 2, that 1s 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 arcas in Figure 2, such as
regions 23 and 25 for example, are not sharply defined since at sub-micron

levels, hight is diffracted and affected by proximuty effects. Accordingly, there is a



accordance wth the invention. WO 01/63864 7 PCT/US01104817 Figure 4
illustrates the aerial light nmensin~ image contours produced by the
reticle lavottt of Figure 3. Frgure 5 illustrates a reticle undergoing an
intcrnccliatc stage of processing according ro the present invention 5
Figure 6 illustrates a reticle undergoing an internedi ate stage of

processi ng &l%rsgq{gng t~ the present invention at a point slyg)lslsgdmgg”to t hat
Shown 111 Figure 5. Figure 7 illustrates a reucle undergoing an

i nternedi ate stage of processing according to the present invention at a
poi nt subsequent to that 1o shown in Figure 6. Figure 8 illustrates a
reticl e undergoring ofihghmbestaediocdieewst agliighofrrapsioce sgrargac@acsohai ng to the
present invention at a point subsequent to that shown in Figure 7. Figure 9
i | lustrates &°MBEEr et et RECHRY FfH I redrat ®dst’age of 15 processing
according to the present invention at a point subsequent to that shown in

Figure 8. Figure 10 pblHatr@tas oteur ghhkki® WRIEFS0HBE 2Pt &FQRdI at e stage
of processing according td the present invention at a point subsequent to

t hat shown mpkitguyrteadres a@dithpgraptecdly trankfostd af es:sar hedriapl ewatad€eflgoi ng an
i nternedi ate stage of processing according to the present invention at a
poi nt> subseqd’é : Wf“ffsloﬁgic closcly spaced circuit teatures interact, therebv distorung the

final transterred pattern features. Accordingly, features that are in close

proximity to other features tend to be more sigmificanty distorted than features

which are relauvely isolated trom other teatures.

As a consequence of the unsharp profiles in light intensity from one

10 region to the next, the edges of the developed photoresist pattern tend to be less
well defined in these areas than in other areas of the masked pattern. In small,
dense integrated circuits, such as VLSI, these blurred images can cause printing
of teatures which may significantly degrade a circuit’s performance, since the
correspondence between the actual 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 surtace 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 reucle which
20 can be used to precisely fabricate small circwit features, for example, closely

spaced wells for container capacitors used in a memory circuit.

Summary of the Invention

The present invenuon provides an alternating phase shift mask for a

25 capacitor lavout scheme for a memory device integrated circuit. The alternating



shown in Figure 10. WO 01/63864 g PCT/ US01104817 Detail ed Description of
the Preferred Enbodinent In the foll ow ng detail ed descriptton, reference
is made to the acconpanyi ng drawi ngs which Forma part hereof; and in which
is showmn by wav 5 of illustration specific enbodinents in which the
invention may be practiced. These enbodi nents are described in sufficient
detail to ev@blasdshose stalled in thgart to practice the pawestiiossn; and it
is to be understood that other enbodinments may be utilized, and that
structural, logical and electrical changes may be made w t hout departing
fromthe spirit and. scope of the presge 0 inyention. The terns "wafer"
and "subst r atRisehyt t‘BSlb]é“Sd'FrcﬂB‘Pss‘i’toooﬁ‘dagéq ErGARPAT Bitfs CERSHHI &M at or
(SA) or sili 20n- i 1509y,
sem conduct orsg%pg%?fﬂzg?gglutlcg?(eé of&?%gﬁ%sﬁﬁg%%gpﬁ ggsfgﬁgggggm
sem conduct orbduadadibg hres cartsp@idigy cosenpponcigiaet siafvalat.ur es. Furt her nore,
15 when reference is nade to a "wafer” or "substrate" in the follow ng
description, previ ouﬁm{)rocess ste ave been utiliaed to Formregions
0

( ’ s may h

or functions in or PESBLERRY "Bﬁ?n%'ﬁ(‘f 6t 2 BFHPLQF B8 dAdat i on. I n
addi tkon, th%é%ﬁg'ﬁﬁ&k@%fi)lr‘_ﬁ@é&@'h%g Reictslok 6anahasad re@%has@@hﬁ!ﬁg be based
on silicongermani uny germani um or gal 't um arseni de. 50 eferring now to

t he draw ngs,armhgedinla ke eickenentl sidecoftash gigainedbrizypdrdieg fef givence

nunerals, Figure 3 illustrates a portion of an alternating phase shift
reticle accoriiisphefpvduppisfbonpde Bhersi eErPosfingHe aprapperite imyewti on, whi ch

is adapted to form,a | ayout ,or design for ,container, capacitors in a nenmon-~

hovt oo eogr Sl ROt (X vETR PR OERSBIY Patkeh ciRRER X5 81l ea004 -

PCTI USO11 048 L/hiRefir vakife iR fded Uh€aRual teRSosRRAS R8N bl d u{caiegipédeexégsuir@ﬁ lludes a
e

transparent substrate 52 ( Figures 5-3 ) nade of quartz or glass. T
trangparent substrareiwed.i Shealrdrngtingedsd siforeacilafitid present ofvetmorangul ar

regi ons, spaced apart in, r edet er m.ne rdered, and arranged in a matrix
array ma wafof‘{iteg“’éfsi ﬁ’?églﬁgg‘p‘ti’é‘g‘r“&?r%%gc@ﬁ‘ibf‘E"h’?"e‘é‘?f’d%“%Eoghg‘cwo-degr ee
phase shift regjais %@.d Achr Rfud HenlrdRQiREL Rhgse shift regions is bounded
on all sides by 180-degree phase shift regions Simlarly, each of the

180- degree phase shift regions is bounded on all sides by 0-degree phase
shift regions. For ekddipbml adisinidgbusidriastectsiontife gyeseat Bvertiahegtlee phase

shift area ABC 10 is conpletely baounded by three 180-degree phase shift
areas, i dent icege FOrexdinapparens fo %F follapag faielsd f5ICERRGR OILR®- degr ee

phase.shi ft , : . : L phase shift

B ad “ahi ch arHR R A Bk AR o DB SRR 2 U e 4
illustrates the aerial light intensity inmage response of the t5 alternating
phase shift reticle of the present invention, shown ui Figure 3, The
contour of the punting image is delineated by line 31. Simlar to the
aerial imge response of the prior art, which was showmn m Figure 2, regions
33, 35, and 37 of Figure 4 dBfiefiBedcipriohedshé Datwilgds subsequently he
renoved to Forma well or hole for a capacitor layout. 20 A conparison
betv~een the fight ntigRSitflusr£QNhoRAS Qb bW RV RN hoSg.abnfkgure 4
reveal s an increased and sharper contrast benveen different zone areas

cor r espondi nghiforetidic goefabridarigp tcapanit@nwintdies weldtich as for exanpl e zones 25
and 35. The edges and corners of the pattern of Figure ~ are also nore
sharply defined than_those of the patt corresponding to F~Qure, 2. Thus,
the 28 rounding ei t' BEVE 4 HATHAPSATE] POUATEREDEIES EPOPBRIEIE hr ¢ | ess
pronounced WhgnhU$iRg LS EEGuG Pf the present invention. Accordingly, the
reticle of the ’

Figure 3 illustrates an alternating phase shift mask constructed 1n

accordance with the invention.



WO 01! 63R64 10 PCTI US01104817 invention pro~~~des an inproved
correspondence between the original circuit design and tile pattern
transferred to the photoresnst, athords a nore reliable pant of snaller and
nore densely packed |IC features, and provides a wider latitude for rencle
m sal i gnment s The present invention provides an alternating phase shift
mask with r phase shift regi ons bounded all around b - ee
phase shift r@ﬁﬁ%ﬁs, and with 180-degfee phase shift regio%géﬁgﬁﬂﬁgé al
around by O0-degree phase shift regions. Al though the present nnventaon has
been described wth reference to triangular alternating phase shift
regions, it is to beFignees stuodedt thatremodight matnsonsngarobeungstedb@dt he
i nvention and equi val ents substituted for described and illustrated
structures wi DheGtreeRdpareiRy HF8ft he spirit and scope of the nnvenuon. Far
exanple, the alternating phase shift regions nmay have a rectangul ar or
other suitable Shapeplffaﬁeetnguﬁ%sm%c@lmérggfngainl inRiAEGL L& HRIFE Shift
areas are bounded by 1I80-degree areas and all "sides of 180-degree phase
shift 15 ar easroa¢seinpauddeidg by ti- glegneewphase shift areas. The nethod for
fabricating a reticlc according to the present invention will now be
described with reference éﬁ Fi%ures.S-ll. Reference is first made to Figure
s

5. A fmterial layer 5% £t %Ef“ﬁk?&“_dérgf’&?cﬂ“e'“fef'aﬁglﬁﬁr‘q%f’ %Substrate 52,
the latter of,\0iGheMBG IR OHNEG-Qhe fivbh&sh AR50 LiHSGdeQUBRhZ 9l ass,
borosilicate %0 gl aSs or another material transparent to various types of
radi ati on comhmnyinsgdeiSn sem conductor |ithographi c operations, by any
conventional nmethod. Material !aver 54 may be either a partially |ight

transm ssive | ayer or. an aque | ayer, dependi ng on other features which
are to be created usFﬁﬁ“ﬁﬂg“ggyf%? fmﬁlﬁ@FWPHW _‘“%ﬁ?ﬁﬁa$§”$FPﬁstrated in
Figures 5 11 ool RAldAELY uld BBlent [ADRIT 1SN uBYBhencD chidyer 54 may
be an attenuating naternal “such as a nol ybdenum si|licnde. For an opaque

| ayerio | ayer &éwmay Higacwat eri al s such as chrone, alum num iron oxide,
gold, or tungsten, to nane just a few Since chrone is nost w dely used,
and for WO 0I/6386§.11 /U801104897 si nphtication of the n?thod st eps,
reference will be nadé“ffe JUSREATE S} rCPSCI”é’S‘?ié‘igO% B BERFYIERIERE’ | aves 54
However, it s gésqnggc&mﬁ%%%dpmm ﬁ@&é&l ﬁgylﬂlﬁqutgzgmﬁ Blefiar W ||

recogni ze that a light transm ssive nmateria also formlayer 54. 5
Lavcr 54 of RmpwreinFigmy 7be deposited onto transparent substrate 52 by
conventional processes such as sputtering, chem cal vapor deposition ( CVD
1 or electron beam deposition (EBD).. Next, a5 5110WL1 111 Figure 6, a
paueru | ayer 55 is tﬁ&‘ffedéﬂh‘é‘iritéﬂa %f\?‘élr‘s YOErERE's W BErBadiBs stagF R | aves 55 may
be made of ankRLaETAlortBEdo Lk bitARSIttnorPALURS shfscpattiseuent | ayer
and will depeﬁr upb at(g rgg?ati%n chara%teris#?ésso%wgﬁe quﬁgnent used in
subsequent st épsviharFigeadpl e, where an el ectron beamdirect wite systemis
used, pattern layer 55 will be fornmed of an el ectron beam sensitive

phot oresist. Alterna iveIY . wher e an_opé%gal systemis ysed to generate
radiation of a parti CHEE I QAVSF SR KUCl YPAEBAIBRAPSRCEBERT Stage

processing according to the present mnvention at a point subsequent to that

shown in Figure 9.

20 Figure 11 illustrates a reticle undergoing an intermediate stage of
processing according to the present invention at a point subsequent to that

shown in Figure 10.



15 conventional photoresist material. Reference is now nmade to Figure 7.
After preparing reticle substrate 52 with chrone | ayer 54 and pattern | ayer
55, pattern |layer 55 is exposed to radiation by a scanning el ectron beam or
light, such as froma |aser. Radiation emerging froma radiation source is
i mged onto pattern |ayer 55 The imging 20 process results In the transfer
of 180-degmnernpb&se shin region patteyn to pattern layer Sr/ddvhasiny, the
180-degree region pattern is exposed. This step in the fabrication process,
at which 180-degree regions are patterned, is referred to in the art as the
"first wite." The pattern layer 55 is witten wth an el ectron beam direct
wite 25 system and the 180-degree region pattern is devel oped to arrive at
the structure illustrated in Figure 7. r~s nentioned before, while the
transfer of pattern will . WD 01] 63864 12 PCT/USQL/ 04817 t, ~picallv use an
el ectron beam direct dpPstpekhstcaiptiqn of heiretsrisddemppdicaentper f or m pattern
transfer using an optical imaging process using radiation having a

wavel engt h rangi ng flinche thilowieegetipd descrigiont rek@cranonaes ar dict o upt i cal
wavel engt hs up to about K 440 mapopeters. 5 Reference is now nade to Figure
8. After pr e;j’éi‘i‘?‘ﬂ@a“ry@r%c‘iré“’%‘ﬁ%%’g’rc @53 PRt RrChPBE NP g@“ﬁhﬂ’ P&t tern
layers 55, the,Mgkh&hoh LﬁYﬁE cBBolifndnien \%&?hﬁq%@n BDQIQII\%({})YQJEE@& 68 (future
180-degree regions) on reticle substrate 52 and chrome | ayer 54. As shown
in Figure 8, Hiwasmbodiffedtsuirededegriaaufieghoaal kastabahbicdtsdleafin patt er n

| ayer 55 on them while areas 68 (Future 180-degrees |0 regions) have only
chrome on t hehf ARreRrackHfOmS iPgpepn.mnd iNg e be pRderstopd chaishgf Figure 8 is

pl aced in a hj ensity plasma etcher and etched into the quartz to the
o red dept HTBErRs e B W5 EaS Ol P8 Wileh ShE kB A3 an i
Figure 9. Araﬂﬁzﬁﬁma&pwhﬂbmhﬁgmﬁhgfﬁﬁﬁ&k&#ﬂgaﬂak&gkﬁfu%y@ku§t5, are witten
and devel oped during a process step generally 15 known as the "second
wited" At theveemdnof die second wite, remaining resist |ayer of areas 66
is removed and the structure of Figure 10 is obtained. Next, remaining
portions 76 (Figure -10) of chrone |layer 54.,are etche f E, producing

0- degree phase shift%?eﬁpgﬁswﬁg‘éﬁ %%%*rgbﬁ@%“b‘%%%ggﬁ??%a$%§P%ﬁ§ 88 on
reticle substgiabg-oalins@sot [d@@%@ﬂi@&-bﬂ—s@éﬁ%%séé) teEREdo g, dobed rflegr ee
phase shift regions 20 86 is bounded by 180-degree phase shift regions 88,
and each of tiuelop8dsaeigrebicphaseitatidl fldyesedsibos 8@ppschbyndedt by 0- degree
phase shift regions 86. The reticle of Figure 11 can now_be used to produce
finely space&eW@ﬁpﬁFﬁgfﬂ§ﬂéﬁ“HbaE%BHFFFB?“%%ﬁF§FSFH“&H”iﬁ?ﬂpﬁV?ﬂﬁ’Iayer of

a semnconductgf. dayi edg%m gh- EXGTRL alp G HRed $o@he W& rBLES BNt
i nvention have %eenrég 1escriq%ed,‘ It is no€ I nten eggt(ﬁatgtherl resenr
i nvention he previbhestotas sthes mby st ibatiedrilést ed foreniegionb/od jdnicaads s and
subsut unons to specific process ‘
on the base semiconductor structure or foundation. In addition, the
semiconductor need not be silicon-based, but could be based on siicon-

germanium, germanium, or gallium arsenide.

20 Referring now to the drawings, where hike elements are designated by
like reference numerals, Figure 3 1illustrates a portion of an alternating phase shutt
reticle according to a pretferred embodiment of the present invention, which 1s
adapted to form a layout or design for container capacitors 1n a mermorv device,

e.g. a DRAM, ar a particular level of fabrication.



WO 01163864 1 ~ PCT/ USQOL/ 04817 conditions and structures can be nade

W t hout departing fromthe sptnt and scope of the present nmvenuon,
Accordingly, the invention is not to be considered as being limted by the
foregoi ng description and drawi ngs, but is only limted by the scope of the
appended clains. What is clained is: WO A 163864 14 PCT/US01104817 1. A
reticle fap ysesm sem conductor device fabncatlon, said repghReGREP! i Si NG:
a substrate having |light transm ssi ve regions thereon) at |east one of said
5 light transm ssive regions providing a substantially zero-phase shift for
| i ght passing therethrough, said at |east one light transm ssive region

havi ng si de edges, dkdtmog rgEigrsp dée pgeshigf regell §0anclidesottrapprar¢ritght
transm ssive region. in abutti.ng light, transm ssive region ich

b ovi desa pragragnt TG Pryheith Bt Phebt: S dpRer SR oR L) "o
claiml, ~. hef&lfnsddtnaPlplikdhg J)thilaﬁgﬁlﬁxax@gx%§,%ix\/c€d%gnrfﬁ*gzl on ~s a

180- degree phase shift region 3 The reucle of claim?2, wherein said

180- degr ee phastshiifdd srdgicdnartiasrwigaeiredgesx ®agm ofvasad detiiede edges

havi ng an abutting substantially aerqg-phase shift region. 4. The_ reticle of
cl ai rﬁgl, wherBBIFe LAY shifyireians aﬁs*ﬁﬁs@?w&gf%@ WPt B8 OP; ZRgUPEPCr egi ons.

cay pne . rve s | =15 .
eretic @dpgre&{;ﬂgm&r erxglgﬁsﬁg lBoé eqccfd Ahbad %@n%m&gte§§h5§%h%s are

rectangul ar regions. eticle o alm1, Wwherel substrate is

formed of a magieni alimsletechadoffthoMBieggr @lipseabitisicgionng toundehot 2l silica
gl ass, and borosilicate glass. 20 7 The reticle of claim1, wherein at

| east some ofsidsaby Ordegrre RSESHT KGIP6 regi ons are partially |ight

transm ssive. 8. t1 nmethod for formng a reticle for use in sem conductor

devi ce fabncanon, CO{EH}C&LHQE’ as illustrated in Figure 3, 0-degree phase shift area ABC
10 is completely bounded by three 180-degree phase shift arcas, 1dentified as CAD,
ARF, and CBE, respectively In turn, 180-degree phase shift area CDA is

completely bounded by three 0-degree phase shitt areas, which are 1dentfied as

ABC, CDG, and ADH, respectively.

Figurc 4 illustrates the acrial light intensitv image response of the
L5 alternating phase shift retcle ot the present invention, shown 1n Figure 3. The
contour of the printing 1mage 1s delineated by line 31. Simular to the aernal
image response of the prior art, which was shown in Figure 2, regions 33, 35,
and 37 of Figure 4 define the areas that wiil subsequently be removed to form a

well or hole for a capacitor layout.

20 A comparison between the light intensity contours of Figure 2 and
those of Figure 4 reveals an increased and sharper contrast between different
zone arcas corresponding to ditterent light intensities, such as tor 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 effects that characterized the Figure 1 reticle are less pronounced when

using the reucle of the present invention. Accordingly, the reticle of the



WO 01/63864 1 ~ PCTJUSO /04817 providing a reticle substrate; Formmzg at

| east a partially light transm ssrve |ayer thereon, formng a pattern |ayer
on said partially light transm ssive |layer; patterning sa-td pattern | ayer
with a predetermi ned pattern, which can be used to etch 5 said rettcle
substrate to format |east one |light transm ssive region providing a

substantiq+6xl%§&p-phase shift for |ight passing therethrpﬁﬂg 'q at
S€ o or 1 m?ﬂh
|gh o? h

| east one transm ssive region ﬁaving si de edges, eac e side
edges of said at |east one |ight transm ssive regions having an abutting
light transm ssive region which provides a phase shift for |ight passing
t her et hr oughinvemsignpsoedestrinngpsaticd coubwondense troggihsanginpaarceitn | ayer. 9

The met hod of cl ai wherein said abutting Light rransms region is
About 180 et Ea 2paber EfEF? FPufRheo e pha ek bt PR R Pfer oi n
said fight tgapamSsdifol-2hMMSpRKE] 1€ ARG akd pRAIRDS widd lddudd e et hod
of claim8, wherein said Light ?ransn133|ve regi ons are rectangul ar

regi ons. 12.refitle nmetipoaienf cl aim 8, wherein at |east sone of said |ight
transm ssive regions are partially light rransm ssive. 13. The net hod of

laim 8, wh [ | icle is f f ial I f h
or oup consi ot ing of TRuERTY SiehPen iR afr Ruuies S B RES 1008

met hod for f@ég{a/\%oqumec {6 ik Sigh s I unHSEIMSERE 6PN EHICHEBlee $EYIGRIff RBIheat i on,
conpri si ng: 01/ 63864 16 PCT/ USOL/ 04817
and with 180-degree phase shift regions bounded all around by 0-degree phase
shift regions.  Although the present invention has been described with reference
to triangular alternating phase shift regions, it 1s to be understood that
10 modificauons can be made to the invention and equivalents substituted for
described and illustrated structures without departing from the spirit and scope
of the invenuon. For example, the alternating phase shift regions may have a
rectangular or other suitable shape, as long as the sides of all )-degree phase shift

arcas are bounded by 180-degree areas and all sides of 180-degree phase shift

15 arecas are bounded by 0-degree phase shift areas.

The method for fabricating a reticle according to the present invenuon

will now be described with reference to Figures 5-11. Reference is first made to
Figure 5. A material layer 54 is deposited over a reticle transparent substrate 52,
the latter of which may be formed of silica glass, fused quartz glass, borosilicate

20 glass or another matenal transparent to vanous types of radianon commonty used
in semiconductor lithographic operations, by any conventional method. Marerial
laver 54 may be either a partially light transmissive layer or an opaque layer,
depending on other features which are to be created using the reticle, a portion
of which is illustrated in Figures 5-11. For a parually hght transmissive laver,

25 layer 54 may be an attenuaung material such as a molybdenum silicide. For an
opaque layer, layer 54 may use matetials such as chrome, aluminum, iron oxide,

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



providing a reticle substrate; formng a chrone |ayer thereon, formng a
pattern layer on said chronme |ayer, patterning said pattern layer with a
predeterm ned pattern, which can be used to etch 5 said reticle substrate
to format |east one light transm ssive region providing a substantially
Zero- phase shift for light passing therethrough, said at |east one |ight

transm ssiwg oigflspN having side edgeg, each of the side eqdggersefosapi d at
| east one light transm ssive regions havi ng an abutting |ight transm ssive

regi on which provides a phase shift for |ight passing therethrough; and 10
etching said reticle substrate through said ﬁattern | ayer. 15. The met hod

of claim 14, SRHRHIEIHP A G SEL“RCH EPSH FCGHEnce P SHiSi s aRadich P Pecratfout
180- degree. Phasg.s hidmd G6:30: HfveN%: MBLAK QlacEleBbde natl RN at | east
rght t y T'ight

sone of said ransm ssive regions are partia transm ssive.
15 17. The met Bedrofilicleadgmzbdhawhiggheirnnsaisdvd mglehalt doanbiicHirmeayeegi ons ar e
triangul ar regions. 18. The nethod of claim 14, wherein said Light

transm ssi ve ftegi ons are rectangul ar regions. 19. The nethod of claim 14,
wherein said reucle is Forned of a 20 material selected fromthe group

consigsting of _Quar t7,,,& 44 &6F \x@%&na@ﬁ@d&%@i\@&l"&lt@q;a‘?xslgalr%%ubstratc 52
. AYs. As. AY. AY L. AFs. AY& AE . AY . AYsY . AL. AF . AF& Al /. Al se. A3 . A9pr| #mmr~U

2 by conventional processes such as sputtering, chemical vapor deposition (CVD)

or electron beam deposition (EBD).

Next, as shown in Figure 6, a pattern layer 55 is then deposited over
chrome layer 54 Pattern layer 55 may be made of any material used to transfer a
10 pattern to a subsequent laver and will depend upon the radiation characteristics
of the equipment used in subsequent steps For example, where an electron
beam direct write system 1s used, pattern layer 55 will be formed of an electron
beam sensitive photoresist. Alternatively, where an optical system is used to
generate radiation of a particular wavelength, pattern layer 55 will be a

15 conventional photoresist material.

Reference is now made to Figure 7. After preparing reticle substrate
52 with chrome layer 54 and pattern layer 55, pattern layer 55 is exposed to
radiation by a scanning electron beam or light, such as from a laser. Radiation
emerging from a racdiauon source 1s imaged onto pattern layer 55 The imaging
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 step in the
fabrication process, at which 180-degree regions are patterned, is referred to in

the art as the “first write.”

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

lustrated 1in Figure 7. As mentioned before, while the transter of pattern will
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regions) have only chrome on them, from chrome laver 54.

Next, the structure of Figure 8 is placed 1n a high density plasma
etcher and etched into the quartz to the desired depth to obtain 180-degree
phase shift regions 88, as shown in Figure 9. Areas 66, contaiung the remaining
pattern layer 55, are written and developed during a process step generally

15 known as the “second write.” At the end of the second write, remaining resist
layer of areas 66 is removed and the structure of Figure 10 is obtained. Next,
remaining portions 76 (Figure 10) of chrome layer 54 are etched off, producing
0-degree phase shift regions 86 and 180-degree phase shift regions 88 on reticle
substrate 52, as illustrated in Figure 11. Each of the 0-degree phase shift regions

20 86 is bounded by 180-dcgree 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

teatures, such as capacitor wells, 1n an msulating layer of a semiconductor device.

Although exemplarv embodiments of the present mvention have been
25 described, 1t 1s not intended that the presenrt invenrion be limted ro the

illustrated embodiments. Modifications and subsutuuons to specific process
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only mited by the scope of the appended claims.

5 What 1s claimed 1s:
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A reticle for use 1n semuiconductor device fabrication, satd reticle

comprising:

a substrate having light transmissive regions thereon, at least onc ot said
5 light transmissive regions providing a substantially zero-phase shift tor light passing
therethrough, said at least one hight transmissive region having side edges, each of said
side edges of said at least one light transmissive region having an aburting light

transmissive region which provides a phase shift for light passing therethrough.

2. The reticle ot claim 1, wheremn said abutting light transmissive

10 region s a 180-degree phase shift region

3 The reucle of claim 2, wherein said 180-degree phase shift region
has side edges, each of said side edges having an abutting substantially zero-phase shitt

region.

4. The reticle of claim 1, wherein said light transmissive regions are

15 triangular regions.

5. The reticle of claim 1, wherein said light transmissive regions are

rectangular regions.

6. The reticle of claim 1, wherein said substrate 1s formed of a

material selected from the group consisting of quartz, silica glass, and borosilicate glass.

20 7 The reticle of claim 1, wherein at least some of said light

transmissive regions are partially light transmussive.

8. A method for forming a reticle for use in semiconductor device

tabricaton, comprising:



10°°1U4"10% " & () - DD+E#FXFFGa?ML! ! Y! 1/ " 109%& () - e - HLOYOE () - &#10%0& () - ! &#1
0%008 () - $pLOY%O8’ () - " 109K () - GHHHHI I nl I |1 S4! !

109& ()-f109%& ()-S109%& ()-!F z 109%CC& ()-3 10 10

10! P/ "109& () - el J[ J~JIKgKABrs4!! T FF 10% [ & () - 109 () -, 109%& () -

109& () - 109 ()-, 3" 109 () - gKLLMOVVVHES S41 !

> 1098 () - (@hHtfied ) - 9" YLO%E () - 0% () - F#@LO%! () - 3210%p L} NENGFOEr S4
11

| Y5G' 10%& () -3 10%& () - | 110% ()-/110%: ()-- @O% ()- Y@ " 10%& () - OCOOOOQRRTY
V11T E #10%e& ()-F"109%& ()- ' F'10% & ()- !Y&g 10%: & ()-M 10 10

1037109 () - TTTU MOYMIRR xretic B st ayYy 5

109%6ssS& ()-2z3109%& ()-!/10%s& () - F$#109%& () - M F$#109%6s& () - MF

eiriog b e R

"109RR& ()-!s "109%& ()-L Z10%&' ()-!AlsT 10%& ()- 10 10q[\\’\\u\\\aBB:
10ssss! 10( F109%&' {oym&iglOp@tarh 1aBa09@sa(d part @Yl ghy transhidiie(lyyekNsy
10%&' ()-\0]]* @A B C b~}rg\ = 10ssss! FS 109& ()- 10 10

patterning said pattern layer with a predetermined pattern, which can be used to etch

5 saud 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
transmussive region having side edges, each of the side edges of said at least one hight
transmissive regions having an aburtng light transmissive region which provides a phase

shuft for light passing therethrough; and
10 etching said substrate through said pattern layer.

9 The method of claim 8, wherein said abutting light rransmissive

region is abourt 180-degree phase shift region.

10.  The method of claim 8, wherein said ight transmissive regions are

triangular regions.

15 11, The method of claim 8, wherein said light transmissive regions are

rectangular regions.

12, The method of claim 8, wherein at least some of said Light

transmissive regions are partially light transmissive.

13. The method of claim 8, wherein said reticle 1s formed of a material

20 selected from the group consisting of quartz, silica glass, and borosilicate glass.

14 A method for forming a reticle for use in semiconductor device

fabrication, comprising:
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5 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
10 etching said reticle substrate through said pattern layer.

15.  The method of claim 14, wherein said abutting light transmissive

region 1s about 180-degree phase shift region.

16.  The method of claim 14, wheremn at least some of said hight

transmissive regions are paraally hght transmussive.

15 17.  The method of claim 14, wherein said light transmissive regions

are triangular regions.

18.  The method of claim 14, wherein said light transmissive regions

are rectangular regions.

19.  The method of claim 14, wherein said reticle is formed of a

20  material selected from the group consisting of quartz, silica glass, and borosilicate glass



