1.0 MAR 2008 WD 03/ 025672 PCT/ US02/ 26896 | N-SI TU BALANCI NG FOR o
PHASE- SHI FTI NG MASK BACKGROUND OF THE I NVENTION 5 1. FIELD OF TTpiEMAR 2008
"I NVENTI ON [ 0001] The present invention relates to the field of
sem conduct oWO §3REJ2at ed circuit manufacturing, and nore specifusoficdsys toO
a phase-shifting mask and a process for fabricating a phase-shifting mask.
10 2. DI SCUSSI ON OF RELATED ART [0002] Inprovenents in photolithography
have increased the densiiNsEMEBAEANTINEFORPHYE . SHIBNNG Riaskem conduct or
~devices by shrinking integrated '15 circuits (1Cs). As described by the
“Rayleigh criterion, the mninmumcritical dinension (CD) which can be

resol ved by a wafe -,u- direct|ly proportional to the wavel ength of
the illum nati 8RS RQENALE THEINME bortional to the nunerical
aperture (NA) of the projection | ens. However, diffraction tends to
degrade the aerial image when the CD becones snaller than the actinic 20
wavel engt h.5 The BELIDNOE HMAYRTeRNtMONS t he wavel ength of light at which a
mask is used in a wWafer stepper to selectively expose photoresist coated
on a substrate, such as a Silicon wafer. As needed, a resolution '
enhancenment technique (RET), such as a phase-shifting mask (PSM, may be
used to achi evi@0@llwi der The present inventianmidatesinlthkfeld df seaicyndmsbr t hat onl y
. uses Chrone to  control the anplitude of 25 light transm tted through a.

‘quartz subst r JPEETHCPENFEEMEREFRCHE e AR Sore apsifically, top Hhegpehiftngmpsk -
advant age of t ] i rf.eren tQ ensate for the effects of
diffraction. %8‘810%#&% %&ég {t’éji%ﬁlg?qn aﬁ’%\%fﬁ s a type of PSMthat is
particul arffgy hel pful in inproving contrast when patterning very snmall CDs, .
such as the gate 30 length of a transistor in a device. AItPSMintroduces -

a- phase shif 2. @ISCYESHBYIFFERELATEDMART 2008 WO 03/ 025672 PCT/ US02/ 26896
between the light transmtted through adj acent cl ear openings so

destructive

[0002] Improvements in photolithography have increased the density and |
o enhanced the performance of semiconductor devices by shrinking 'integrated
15 circuits (ICs) As deécribed bjr the Ra'yléi-ghrc.:r_iter.idn, tfle minimum critical I_ - .
: dimension (CD) which can be resolved by é.iv'alférl:stepper is direétly proportionai
to the wavelength of the illumination souzce and inversely proportional to the
numerical aperture (NA) of the projection lens. However, diffraction tends to
degrade the aerial image when the CD becomes smaller than the actinic | _
20  wavelength. The actinic Wavelengﬂ\-is the wavelength of light at which a mask is |
used in a wafer stepper to selectivély expose photoresist._coated on a substrate, |

- such as a Silicon wafer. As needed, a resolution enhancement technique (RET),

suchasa phase—shifﬁng mask (PSM), may be used to achieve a wider process

latitude. Unlike a bihary mask that only uses Chrome to control the amplitude of
25 light transmitted through a quartz substrate, a PSM further modulates the phase

of light to take advanfage of destructive interference to compehsate for the effects

of diffraction. | | ' | |

[0003] An alternating PSM (AltPSM) is a type of PSM that is particularly

 helpful in improving contrast when patterning very small CDs, such as the gate

30 length of a transistor in a device. AltPSM introduces a phase shift of 180 degrees’
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i nt.erference can force the anplitude between the two inmages tﬁ z&@g.iﬁ
phase shift of 180 degrees is inplenented by creating a diff Be 28t he
‘optical path |engths through adjacent openings in an opaque |ayer, such as
Chrone. A 5 ¥b#30a§d72ve process nmay be used to etch a trench pichtRoiARec
guartz substrate in 10 aerial image. opening and a shAllow trench in the
non- phase-shifted opening to balance the etchback approach undercuts the

edges of ‘the ChiQARnitRe ROANLARERIHAER 1@9&3&.&% ] e
dual -trench approach et c%rés a deep tren h |n thee%ﬁgp i%btdee a ter nat e

" “openi ngs. Howewdeferenai cavfordeithhsmphindedetwen the two heagéstewald. A ptade bot t om

hat var s as S AER FoRTeeT s FOBIESRERaTE Y STt B e AR B it
mani f est ed as Rng? tRfduh ?Q: c%% A Eng 5 313{'&0&4&1a-£@1rbl&]lkeﬁs' ty and

phase in the aerlal |nage o] anced I n various ways.
sel ective Wt astublraappe pmssanhﬁbgssedtﬂo@tm Uémihhato ik cjuactz platiabginr eI ati ve

to th tch | [0005) E
appr oach for DAITHREAGoTRESa Y AT EHEn S atriof Mroicealisantye
bi asi ng appr odsdidiRYoRerd bfitht @@ bhén &1@&&1@& 8n Yabi8SceAN Fhd éé}iaﬁg&gg(et he

design grid .unless a gray beamwiting schene 1s used. The et

approach 20 nﬁilair@ﬂﬁStaSlarfun@ﬁmféQCIsLﬁlkﬂlaswngmpde@autxmlglbamzamﬁested ash t he
over hangi ng one bet.we cent openings. The dual -trench approach
adds conpl exi ty~ 5953 &quﬁf’ ﬁfrﬂ’ ng additional processing. 25 30 [0006]

Thus, whatqgi s ed i's
bal anci ng 18f |[91.[tﬁ§n5| ty gﬁ?jﬁg has (ﬁa neﬁégez(@%gﬁ?ﬁgﬁl&fpﬁm%m 2 1.
MAR 2A?' PCT/ wamzwaﬁagﬁarﬁcﬁﬁovaysFA@aleeuﬁﬁ(la)m(lgl}appﬁaaahneﬂhfgesﬂiea@Dmﬂtlm‘ a

thod of form a mask | ank th a_bal ancin er according to the
present i nventef%‘f%d opPEBEYS| t‘&ﬁrt%w‘? gPPF%mgrgY P%ﬂ%‘%‘ihataff’('}ﬁl iglRge Mt hod
of form ng anegchback approach undercuts the edges of the chrome in both openings to balance

the aerial image. A dual-trench approach etches a deep trench in the phase-shifted
15 opening and-ashaliow trench in the non-phase-shxfted opening to balance the = -~ |
aerial image. ' " o ‘
[0005] Each approach for balancing the aerial image has drawbacks. The
- selective biasing approach may be limited to the discrete values available on the
design grid unless a gray beam-writing scheme is used. The etchback approach
20 may result in defects, such as chipping or delamination of the overhanging

) | chrome between adjacent openings. The dual-trench approach adds complexity
J B and cost by requiring additional processing.

25
[0006] Thus, what is needed is a phase-shifting mask (PSM) having in situ
balancing of intensity and phase and a method of forming such a PSM.
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al t-ernati ng phase-shifting mask with a bal ancing | ayer |ocated bel ow the
absorber layer and in the non-phase-shifted opening according goMAheZﬂi%%
‘present invention. 10 [0009] Figure 3 is an illustration of an alternating
phase-shi fti n§OR#4k6®@ th in situ bal ancing according to the pEre§&Rkesos

I nvention. DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTION |ight used in a
waf er stepper to selectively expose photoresist on a wafer. An enbodi nent

i s shown in Fi gBREFIDESCR{IIDB]OATEE Brewmndayer 1200 is fornmed over the
substrate 1100. An 30 enbodiment 1S shown 1A Figure 1(b). The thickness of

" -t'he ‘bal ancing | ayer 1200 is 3 20 been described in particular detail so as

to avoi d obscuring the present invention. [0011] The present-invention
describes an al[peg7at i ng Fphas ¢ 1y fsiaﬁgﬂﬂﬁﬁa'ﬂ |t ving in situ

bal ancing of intensity an phagaértajnd a net ho ngj?af]g@n@%gp%gnumc% mask
phase-shi fti ng Heskwithis\alainglahachcadrdigbio thabrsign@vélfdaSM according to
the present invention, wll. also be described. 25 [0012] A mask is built

froma substrate 1100, such as quartz, that is transparent at the actinic
s the wavel ength of In the follow ng

| th. Th i ni vel engt {
\é\gggr ie;r)]tgi on, nﬁ?r@réihgl gef%\'/’?%,f?agdgﬁs %%’Dé‘é_géﬁlﬂ‘ ef anethadgfdormgingansi ons, and
e o eent | b aREnat b hab G mb WK e Rinig 172 et et B shsortia,

t he present invention. wever, “one
t he invention r BRd B Bl ' [ ; il.s. | n other

I nstances, wel Inémkénom- sem co dua\g%-girimggS%gﬁn%gta@gcﬁwggéesggeégﬁ%‘é%ﬂ 1:5
[0010]. | o MAR 2006 5 10 1'5 WD 03/025672 PCTI US02/ 26896 typi cally about
3.0-70.0 nm Direct current (DC) nmagnetron sputtering nmay be wused to form
the bal anciitg [080% 120(1?ig1ﬁl©051i4}mﬂhshiaa'banﬁbmgltémyEﬁgEﬂﬂ;@sbﬁﬁﬁ%ﬁ’fﬂﬁuﬁﬁpm a
material that js.transm ssive and may be capabl e of phase-shifting.

Transmni ssion i ?%E{Bﬂq?‘}ﬂ%g according to the present invention,

DETAILED DESCRIPTION OF THE PRESENT INVENTION

.15 .. [0010] In the following description, numerous details; such as specific - - el
- materials, dimensions, and processes, are set forth in order to provide a thorough
understanding of the present invention. However, one skilled in the art will -
realize that the invention may be practiced without these particular details. In
other instances, well-known semiconductor equipment and processes ﬁave not
20 been described in particular detail so as to avoid obscuring the present invention,

[0011] - The present invention describes an alternating phase-shifting mask -

(A1tPSM) having in situ balancing of intensity and phase and a method of forming
such a phase-shifting mask (PSM). A method of fabricating an AItPSM, according
to the present invention, will also be described.

25 [0012] = A maskis built from a substrate 1100, such as quartz, that is
transparent at the actinic wavelength. The actinic wavelength is the wavelength of -
light used in a wafer stepper to selectively expose photoresist on a wafer, An

- embodiment is shown in Figure 1 {a).
{0013] - A balancing layer 1200 is formed over the substrate 1100. An

30 embodiment is shown in Figure 1 (b). The thickness of the balancing layer 1200 is




functi on of wavel ength and may be neasured in a tool, such as thﬁ aﬁg 2008
Anal yzer 1280 from n& Technol ogy, Inc. The material, structur%

‘t hi ckness of the 1200 nust possess chemi cal resistance, radi ati on
durability, ¥H03@@s3atibility with the underlying substratepdiRQoafded he
overlying mask absorber |ayer 1300. bal ancing | ayer 1200 are chosen so that -
the transm ssion through the non-phase- shifted opening 1410 is nodified,

such as reducegyidits kbRRAUET.§ Al i (Irlllhleén ?ﬂﬁ

adj acent phase hi fted openi ng 1420. btT tgj | ca |on91r!'-rp§r:1lp[t&?}a{1 msrgg on may
““be about 1.5- el tpfroetie ballniimgdaydr 120hi eve t he goal of mat chi ng t he
intensity of tra ted . th h the t Wo Jacent eni ngs. [0015]

I n addition. to[bﬁ]g'&n ng s ‘f%"bl hyeg Eed fom g gat gt?éllﬁtg | ayer such
as CGold, or frpmsaisshalhflf @tumteéfqutag@g §mﬂs§ ron b b é@? o the

Oxi des, fabrication process, the mask i'nspectio repair proc
mask cl ean Bng ﬁMmleB‘swawelengdsanctmysvemetahereﬁahammlm;tchaydte A& Gorshost d

have a |low fil ress The Ian,ln 1200 nmay be_forned from
an el enent al @%‘ EL‘%m?ﬁt%ﬂsnfg ES ﬁ%fm g“é‘ﬁ#é&f%l y

- affected by t hglwesk 1 Qg I f .
Chrom um Haf ni lfm en%n%dﬁlﬁlsgmﬁggﬁﬁgnﬁ%sﬁgﬁ?gfﬂ% Ita r{‘ H&se

Tungsten, or Zhﬁ@d@pumngaﬂwmlm@dlﬁnd,l syl as fadruom me.rgh tdem4t€h @;e Fy)

Zirconium Sili L.con Q(.l d Zi bd S| I | con i oy),
Al uni num Ni t r FEESTPRP ;}%9 ggrtﬁ%o%‘i)ilf‘ﬁ%ﬁp 1’?% a%‘ﬁfhe

enbodi MeNS,  RRaRnBRGR ?He%oﬁ?i 81123 réeatmhtwwﬂmh% oRg | ayer
1200 may be non stoichionetric. For exanple, Oxygen may be present in small

q ntities ormaishifgpthelistensity d)frhgitthmmsmfmthbmglﬁhe the abatanopagingsayer
1] other enbodi nents, the balanC|ng

1200 may be n onbgeneo
| ayer 1200 ma@rahg a mul H‘i@@ F‘Bﬁ’i‘gf“ﬂﬁb SBEB?%EFOH%W theddanicing layer

fornmed. over t r DHk.ank 1000,
e oo P%%gssﬁ?emf:?l%g.ﬁﬁaﬁ%e o by, RpdSRBEBIREY, 52007
PCTI US02/ 2689¢rithlikouhderlying sibsha@01108 aﬁﬁ&ﬁ&l@vagruﬁ@ﬁlaﬁcibsﬁt&r\l@ée heomth with
an opt|c1l density QD) of about_ 2.5 to 4 e absorber la 1300 has a
t hi ckness'®f Hpsaand 305“‘15819’1‘6‘ Pﬁlﬁlmﬁ%aﬂﬂé'iﬂﬁbb‘raffe&ﬁﬂérbﬂt%@ﬁ%y be t hi nner

it is for nggoonYrofesBhE hlafk inspection or repair process; or the mask cleaning

process, In most cases, the balancing layer 1200 should have a low film stress.
[0016] The balancing layer 1200 may be formed from an elemental metal,

such as Gold, or from suitable compounds, including Fluorides, Silicides, Oxides,
20  or Nitrides of materials, such as Aluminum, Chromium, Hafnium, Molybdenum,
Nickel, Niobium, Tantalum, Titanium, Tungsten, or Zirconium. Examples include
0] '~ Chromium Fluoride (CrO,F,), Zirconium Silicon Oxide (Z15i,0,), Molybdenum
| Silicon Oxide (M05i,0,), Aluminum Nitride {ALN,), or Silicon Nitride (Si,N,).
[0017] In some embodiments, one or more of the materials forming the
25  balancing layer 1200 may be non-stoichiometric. For example, Oxygen may be
'present in small quantities or may be absent. In other embodiments, the balancing
layer 1200 may be non-homogeneous. In still other embodiments, the balancing
layer 1200 may be a multilayer. .
[0018] An absorber layer 1300 is formed over the balancing layer 1200. The
30 resultis a mask blank 1000, with an embodiment being shown in Figure 1 (c). The
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wi th a,larger extinction coefficient (k). 5 [0019] The absorber Ia‘%:g 300
may be formed froma netal, such as Chromium The absorber Hgyéf
‘al so be formed froma refractory nmetal, such as Ml ybdenum Tungsten, or a

rel ated al | ofv@e3/esifpound. Qther materials, such as anor phopgr/ERbRR80"
anor phous Silicon, may also be used. [0020] The absorber |ayer 1300 rmay
I nclude certain materials to provide 10 desired properties. One exanple is

the inclusi on @fsoft e@w@dg@h&ﬁ%&%ﬁ%&&@@@ﬁm%@ﬁ]ess r 1300

to reduce stress, revent p or mnimz [ 0021]
A graded or rru(@lD) @fyaévpusz b tic &.0r é’hsrabsdnberdeparﬂammsfm&hessajﬁabmﬁaoo-l ayer

1300. An exanp i.ncl usi.on of ot he terigls at the upper surface
of 15 the abotiybam) Krsbsorbmdayes 5%53%?&@9%%3@? W, 69ht t he

actinic mvelmtaha%grgw&omcgmgt are, or scattered light, when the
mask 1020 is used i a wafer stepper. Still another exanple is the

i nclusion & sPAERImat er iIhbabmbﬁieyeﬂ]@%maylheffa:mecbﬁromMaM(mﬁeas I ayer

1300 to inprove, adhesi The face t he sorber | ayer 00 is

| ocat ed over t(ﬁ}%roﬁ‘&?%gﬂﬁéb?%{j’ C@%Fﬁy@#@q’fé" PHEhEe aF"I‘?‘éYEE’ ber

| ayer 1300 is Q&ﬁg%ﬂ-ﬂj; @h SNEreRRES r I he
um oXi de at’ t SI ovverr gur%}gc%oys&[cgo 21 ,%h?i rst éelﬁlhé%'

m ddl e, and Chrom
phot or esi st 14@©@h asamppplices Carkbon bhamealydoubBilicbnyeay d180)Pe ased he mask bl ank

1000, with an di men wn _in Figur (d).. The flrst-level :
phot or esi st 14@@2% houl dﬁ%@%ﬁ%ﬁ)ﬂﬁﬂ%%@%lﬁw@é GHgin mpterialida progides 25
well as g r have
Ui ckneas ol e PR e R ah e Sl T Sr R B AP e O
be)used if hithhalserisrtlaydrigoq to reddeadtiens) ot@red&&t pizdloles, drnnintaize edge

tAroughput. The first level photoresist 1400 is usually an e- beam
phot or esi st s@°® *hbeam writer may be used to pattern inmmges in the

photorcsi =t TOBIPYS! oA GO BN PRk B6, R BIOED IR SRS IPE
WO 031025672 MfEFmﬁMﬁl;ﬂ@Brthefnchm&rdfmm‘r niatbHala At deapiper surfawa of ol t age
. of 40-30 I‘ig v nti\aeyabggrb%;' (laa]\cy%; %)E.!B to'decrease reflectivity below 10% at the actinic
- wavelength so as-to minimiize flare, or scattered light, when the mask 1020 is used
in a wafer stepper. Stll another example is the inclusion of some materials at the
lower surface of the absorber layer 1300 to improve adhesion. The lower surface
of the absorber layer 1300 is Iocated over the balancing layer 1200. In one
20 embodiment, the absorber layer 1300 is Chromium Oxynitride at the upper
o surface, Chromium in the middle, and Chromium oxide at the lower surface.
\) - [0022] A first-level photoresist 1400 is applied over the absorber layer 1300
| on the mask blank 1000, with an embodiment being shown in Figure 1 (d). The
first-level photoresist 1400 should have high resolution and good CD linearity as
25 wellas good dry etch resistance. The first-level photoresist 1400 may have a
thickness of about 160-640 nm. A chemically amplified resist (CAR) may be used
if high sensitivity to radiation is desired to increase throughput. The first level
photoresist 1400 is usually an e-beam photoresist so an e-beam writer may be
| ‘used to pattern images in the photoresist. The system configuration may be
30 . chosen to achieve finer resolution and higher pattern fidelity. For example, vector

5




over raster scan of an e-beamw th an accel eration voltage of 10-20 zﬁgg
[ 00231 Reactive lon etch (RIB) may be perfornmed in a parallel{ | HAR ctor
‘with high plasma density and | ow gas pressure. The dry etch chem stry may
be 5 based owd&bdapséme, such as G2/ CQZ or BC3. In some case$erhisolifbode
advant ageous to add an assist gas, such as H, or HCO, since Hy rogen

radi cal s can scavenge excess Chlorine radi cal s | f appropriate, in-situ

descum such ag ﬂ&%%&%ﬂm&%%c%?% va& @ﬁ@%@&w efel?a?olé mges

in the photoresist prior to R E Loalnge ects I'n t

- raffect etch ravex ram&:namnffanrerheam wﬁ}maln a@:ekmﬁorsetblmmoﬁm-yo kw [ s

d ble t h I t ' ' f th
first Tevel phlEBlos: st Kergave BRaRIE) Ratre e G b i BT BRCERe
etch proflleammé}ep%&ﬂ&@r@ By akdlovbifs @ staﬁefm@ ERhich Snf} B

density, reduce and increaset selectivity over the first-|evel
phot or esi st5 14@8ed ohGUH6}ing vachabsCl e orl Bjle In 4800 cass,usmay by adratiggtows t hout

appreci ably 15 etchin the und rI IanC| | ayer 0. An enbodi nent
O hown i b PG B et B B Al F e O AR ap et FabRe e onr oduce

nostly verti Caéxc@d’s@llbﬁﬁe h‘iﬂlce{m@fa'iipg@ﬁi@dté iRkith IR QRE PR Es Wh© 1320.
After renoval of the first-1evel photoreS| st 1400, the CD of t et ched

features 1310 lambqggnem reongEstesidye ini thh imageSdn i p@ofEte@tstpnﬂr WIRIEoscope
(SEM. 20 [00 he et es. a i nspected for defects fect

i nspection maﬁgé%l base ﬁ“‘ﬁ g%%f) B’fayt cﬁ%ﬁ]i‘ﬁﬁfsl' {Cﬁ f’%ﬁy
patterns pii Ntegch delectiv it Sl 9 esirRBk b ﬁﬁ?ea@é ettR SelBBSKt/ & £1b Giflind)e Hlosased

on a conparison of a pattern printed on the mask and the |ayout data
orr r espondi ng of ﬂl&ﬂm&stweﬂ photofahise1400- Sidewblh paysivationfaan hekpdcontio! fheatah( FI B)

t such as cr| o 0 m t he FEI an e used to
repal r an opadb E“?‘&ljasp%gwaﬁg’n ‘%%‘t%é?éﬁ@se(ﬂla ersi¥i sted etch
(GAE). [0027] rg&ﬁcreh% bﬁso&%ﬁicf@sé &e@@l@@tﬂﬁgﬁ%ﬁﬁ-gﬁ %&%@Eﬁ%&o&@ﬁ?ﬁoﬁh' ft of

180 degrees between ght transmtted thr eni ngs
addi tive pro@fﬂ&ﬂ (not ﬂmabs)orhm}aybeli@esiusﬂaﬂyaaﬂdmichﬂthmﬁappmgr a

-ELZR?ﬁSLe% s e Gnderyf blei ey b SISO OB e
RERE (a}. The etchis predominantly anisotropic to produce mostly vertlcal profiles in
the sidewall of the openings 1310 and 1320. After removal of the first-leve]
phdtoresist 1400, the CD of the etched features 1310 and 1320 are measured with a
Scanning Electron Microscope (SEM).
20 [oo26] The etched features are inspected for defects. Defect inspection may
be based on a comparison of two nominaily identical patterns printed in different
) ' portions of the mask (die-to-die) or based on a comparison of a pattern printed on .
the mask and the layout data corresponding to the pattern (die-to-database). A
focused ion beam (FIB) tool, such as a Micrion-8000EX from the FEI Company,
25 may be used to repair an opaque defect using physical ion sputtering or gas-
assisted etch (GAE).
[0027] Further processing is performed to introduce a phase shift of 180
: degrees between light transmitted through adjacent openings. An additive
process {(not shown) may be used. In an additive process, a transparent layer, such

30 as spin-on-glass (SOG), is-deposited through openings in the absorber layer onto
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PCT1 USO2/ 26896 the substrate, such as fused silica or quartz, %ﬁ%\%ﬂé)
renoval of the transparent |layer in alternate openings. [0029] 87 ve
‘process is susceptible to optical msnmatch of materials in the I i ght pat h

and acconpanyY®@/4236%r nal | osses at the interfaces so, in MaR¢rAR ?@9«3
subtractive process is preferred. After the first-|evel photore5| st Ois
10 deep ultraviolet (DUV) light. Laser witten features are susceptible to

corner Stri ppedhe utsaaANGadrexehsdNAIAIR Yiudtrz, E@%é&bﬁ%&&ggfé enbodi ment

is shown in Figure 2 (b). The second-| ot or es1 st may have a
“t-hi'ckness of a@@@@%@@tlaﬁeonmﬁmnafﬂmmgﬁhe second | evel photore5| st 1500

I's usually an oresi st ichis tterned wi.th i ter
that uses rastgd&bﬁan V\n‘gﬂ ﬁ‘gﬁvfﬂ%eﬁ%léﬁéscﬁf’gﬁﬁ%aﬁ’ 1 oy H&‘?P?e rity
so laser proxi i the ipo p@ﬂid:ﬂhctéh?&%héhtehﬁ?ﬁ&&@%@&x‘%%&ﬁaée@% Q4 &n tef n

fidelity. Laser witing is typically performed wth nmultiple passe
average out®s uﬁ@?@taéﬁbéﬁaﬁ%‘fﬁspﬂoﬁ@ﬁ l&m‘yfemteldeﬁﬂeséle-fi_rsiﬂemi\pépmbgzstaﬁmbxst

' stripe buttingg, e r S CD unc vered by
exposi ng and dev 8 B A b hdndeecf BOpLSHIRET R i Blgrmentar dows

uni formty. 2Wm@@d&bﬂ@-1éb@ﬂ19hc§tbf€ms¥\&560:9@y%% PRRRR: 3 hibsidt 308-

covered by the second- | evel photoresist 1500. The open| ng 1320 that wll

be phase- shi ft&9pa- 20 phot oresi st 1500. An enbodinent is shown in Figure 2
(b). [0031] T rger n the nd- | eI ptoresist, 1500 is
‘aligned to thggg‘%gghed ogg‘%?%% @%@? iﬁoﬁoﬁ?%g@g]o fé?gﬁﬁgphof?@ SiSGr ger
openi ng 18P5 whichlié paedmbdngera hidwiiteust ﬁk@qaﬁaes&aﬂ Yith3A A1l Béhnldof

accommodate registration errors, CD errors, and overlay tolerances in
phot ol i t hogr aﬂ?yﬁpé%‘aa‘?eleéf@ﬂv) #ﬁhﬁsLaﬁeh@rﬁt@dmammh@ﬂlm tperorngreni ng

1525 in the s I t 1500 in relatiaon to the etched
openi Ing 1320 ?gaﬂﬁ]&'{'g\%r%y rl ?L{"g !?5e Hfgl’anél g%or’éch?‘ﬁé“é‘;tu{:,’ﬁ%d openi ng

1320 in the abs@rpefatBytinpkdPOp at@é?ﬂﬁil@h nesepdagin is wificn %E geni ng
1525 in the secorl;g-level pr%toreswt 150 gt wil | deter%ﬂ} l[y SO th 1155

of the trenchwitlpswltiple pasws ko aviessgenant sbbsysteas emrecs thaqmaipmhervmsa 30 SEM
=15 . adversely affect stripe buttmg, placement Imeanty, edge roughness, and CD

uniformity.,
[0030] The opening 1310 that will be non-phase-shifted is covered by the
second-level photoresist 1500. The opening 1320 that will be phase-shifted is

uncovered by exposing and developing a larger opening 1525 in the second-level
20" photoresist 1500. An embodiment is shown in Figure 2 (b).
i [0031} The larger opening 1525 in the second-level photoresist 1500 is
) . aligned to the etched opening 1320 in the absorber layer-1300. The larger opening
1525 is biased larger than the etched opening 1320 so as to accommodate
| registration errors, CD errors, and overlay tolerances in photolithography and
25  etch. Thus, the placement of the larger opening 1525 in the second-level
- photoresist 1500 in relation to the etched opening 1320 is not very critical since the
| edge of the etched opening 1320 in the absorber layer 1300, and not the edge of
the larger opening 1525 in the second-level photoresist 1500, will determine the
width 1155 of the trench 1125. The width 1155 may be measured top-down in a
30 SEM.




7 1 0 MAR 2006 WD 03/02-5672 PCTI US02/ 26896 [ 0032] After the-;s‘ﬁzm Q@gsel
phot oresi st 1500 is exposed and developed, RIE is perfornmed w Chémstry
‘based on Fluorine, such as CHF3i CF4/He/ 2, or SF6/He. The etch may be

done in a hi §tOpy¥esenare | nductively Coupled Plasma (1 CP) Sy%ﬁfﬂs@ﬂz 96
Magneti cal | y Enhanced Reactive lon Etching (MERIE) system 5 The etch'is
ani sotropic and creates a trench in the etched opening. The depth of the

{rench corresqomsly (0 aapRRaR Shidd1c0l phBfh-860r6681slRpbiie Aﬂdgi&e\to?vgﬁt will

be transmtted through the etched opening 1125 relatfve to the t hat
wi I'l- be transtEts perfetmaliyith chemishythabeboroPeniing sudi s CHFQI3,/ He/@ayprbe

desirable to ting techni,que. tao create a ase shift f 180
degrees bet mﬁf@%;@gﬁ%% fgane Ol?lﬁé'PF?ﬁ?B{ U] %#Wﬂégﬁaﬁ%ess in
several snal | gICHlspRen il PASnAlcallP EARS kA RIRteTBn SRHIAAMERIE) $palhal or

t enpor al nongﬁnI?fgrrn'ty in The Cpryca)cess Cmay be snoot hed out . I% parti cul ar,

vot i g si gﬁih f }Télamquisanﬁmpis aoﬁmqams agfenichén thepstt¢hedfopehingt 'E’bﬂdmthlaﬁdh-t hus
t he phase shi educi ng the,l C ext.ran teril.al that

may bl ock the ée“? gﬁrt')&i@r’feﬁﬁ PR P&ﬁgg %ﬁ%é’gﬁ%ﬁ%&m? Tﬁ?ﬁé‘%ﬁl'ﬁa Yechni que
may be used. lanchhedd hebsih theR@hel 6Petihg 1 QUARNE 2o BENEIH 8h42 Wilt®Q t hrough

the opening 1320 is separated into three shorter etches.” Each of the
shorter et che&anpmitips thoeughdthe aobichediepeningtildes a phase shift, or phase

angl e, of abo degrees. .Each. gf the shorter _.etches is pregeded. by

appl i cati on, @ngur e, Igff&yé’g%%%?lﬁbﬂbﬁeaa‘f?%ﬁéﬁ%%??‘?aﬁgiﬁﬁ?e Shitt
second- | eyel BITHIAIRSES kAR adfend dﬂéinﬁ@.f V&ﬁlf‘g ﬁb@&k@geﬁéﬁﬁg a\gs'rbéesé ncl ude
renoval of the bal anci ﬁ | ayer 1200 i'n tHhe opening 1320 befor tching into

th}a quart z sigsversl smali@GtepFlinsteatofid oaathrghsted sothat lasy shatidl er tephmives Wi | |
only include _etchin eeper into the quart ubstrate.1100. [0035] The
phot or esi st i%?ré‘ﬁ'ﬂfﬁéjé’gyﬁfﬁgrpr%%?éﬁmﬁy bgﬁ’é‘.c’oéﬁ rct”zr[“é’?ﬁ als YO 25 phase
angl e and t hesipriessdy hmye%n%@épﬂ@%gm tRE &ndi, HRE ﬂ'?_@s\’tl@"i»hééﬂ sapted as
needed based on feedback fromthe nmeasurenments. It 1s desirabfe for the
phase angl e bwradavingthe impact of ahesdraneans Datrind that¢ swmydihock the etcht ensity to
have a rafe [%34] - In one embodiment, a triple-voting technique may be used. In other:

words, the etch of the quartz substrate 1100 through the opening 1320 is separated -

into three shorter etches. Each of the shorter etches in the voting technique
‘produces a phase shift, or phase angle, of about 60 degrees. Each of the shorter
etches is preceded by application, exposure, and developing of an opening 1525 in
20  asecond-level photoresist 1500. The first of the shorter etches will include
_ removal of the balancing layer 1200 in the opening 1320 before etching into the
\) : - quartz substrate 1100. The second and third of the shorter etches will only include
etching deeper into the quartz substrate 1100.
[0035] The photoresist is stripped after each of the shorter etches so the
25 phase angle and the intensity may be measured. The etch times may be adjusted
-as needed based on feedback from the measurements. It is desirable for the phase
angle to have a range of less than 2.0 degrees and the intensity to have a range of
- less than 0.2%. The phase angle may be measured on a tool, such as the MPM-248
or the MPM-193 from Lasertech Corp. The intensity may be measured on a tool,
30 "such as the MSM100 Aerial Image Measurement System (AIMS) or MSM193
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| ess than 0.2% The phase angle may be nmeasured on a tool, su B m2®§
MPM 248 or the MPM 193 from Lasertech Corp. The intensity mai b red
‘on a tool, 30 such as the MSMLOO Aerial |mage Measurenent System (Al MS) or
MBMLO3. 8 1 OYRAWZHB6 5 10 WO 03/ 025672 PCTTLUS02/ 26896 Al Mpchugh/sakbs

Zei ss. The val ues selected for the nunerical aperture (NA) and the partial
coherence should be simlar to the values on the wafer ‘stepper in which

the mask will $UbEemomrifdr)Zéies. The dtaluedOl6tedor ehic Simhbpil Bgertite (N@gand- | evel
~ _photoresi st 1500 for. hglgthi rglgti (when usi‘fr%g a triple-voting |
“techni que), a eagwajtﬁo Trrige ghoyd F’”\f,)‘mké. & bhe valyesie the seéersteppREEN up t he

subst rate 1100wandh ARHLE AcabBARERIADL Bedd | m Or defect that may be
present. A shorter or |ess aggressive version of a conventional isotropic

wet etch may al®86je usetfterstrpping ¢halwtent-evel fladdresist HM0Eothe )ird Haws an

enbodi nent pf al ternati. P 020. havi In situ bal anci ng of

intensity aﬁd @vﬁ}é%rb“}s%g 'své’?:'g‘/lﬁijﬁf‘%@ﬂl“&s@rﬁq' ARIPECSSIES VaG PEPESHS BRBDR of

1145 in the subsdd@icRahiine YOBREAE ﬁdoraad%mw@%gﬂaﬁ%abﬁ%ﬁuﬁmg&@t e 1100
p ) P

will introduce errors in phase-angle. Errors in ase shi I phase
angl e, can accthetimaydepresent.ghplidrieanr lags peghessive Yezside pf h cadvehtionsl ( DOF) of

i sol ated featu However, phase,errors usually. have a relatively m nor
effect on 15 t‘%géffﬁew\é&e%r%%%%%?% .to[rﬁ'ﬁ‘gg?d&‘?émetch. depth 1145 in the
substrate 1100088 the gigeuald) saa%hh%mbgajm&%f%&&&%aaﬂg@bm 425 may be

determ ned by neasuring the overall step height wth an Afom c Force

M cr oscopel§ ARMvingia sitaidatapcing of inteosinand please Tlekptess-shifted openiagsneber
1200. Devi ation_of 20

ChbSi doval | ARG BE 0 b e s el 1AM U BtRscing ReoTRIEching 80l at ed
feat ures.  (0038bokiie 180N PinnoRlcd Bifodsi BRLe Bt PO EARUE DR AR o W £ &

sl ope of 85-90 degrees. The bottom surface o enc
shoul d be f| atphasriangle, can accumulate and significantly reduce the depth of focus (DOF) of

isolated features. However, phase errors usually have a relatively minor effect on
15 the DOF of dense features. o |
- [0038] - . - Theetch depth 1145 in the substrate 1100 and the sidewall profile.of -
the etched opening 1125 may be determined by measuring the overall step height
with an Atomic Force Microscope (AFM) and taking into account the thickness of
the absorber Iayer 1300 and the thickness of the balancing layer 1200. Deviation of
20  the sidewall profile from the vertical may also reduce the DOF for isolated
features. _ _ _
) [0039] The sidewall of the trench 1125 should be smooth, with a slope of
85-90 degrees. The bottom surface of the etched trench 1125 should be flat and
- smooth, but, in some céses, the bottom surface may be concave or convex and
25 rough (not shown). The bottom corners of the trench 1125 may be rounded (niot
shown). Deviations and non-uniformities in the size and shape of the trench 1125
will introduce errors in intensity and phase of the transmitted light.
[0040] In most cases, the balancing layer 1200 is left intact in the non-phase-
shifted opening 1310. However, if necessary, such as when the etch depth 1145 is
30  slightly too shallow or slightly too deep, it may be desirable to compensate by
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snoot h; but, in sone cases, the bottom surface may be concave or convex and
25 rough (not shown). The bottom corners of the trench 1125 miyU dhed
(not shown). Deviations and non uniformties in the size and shape of the
trench 1125 WR 93025612y oduce errors in intensi ty and phase of ptirassezr26s96
transmtted light. .[00401 In nost cases, the balancing |layer 1200 is left
i ntact in the non-phase- shifted opening 1310. However, if necessary, such
as when the et aﬂdeE'pg,fsuﬂ:ﬁéﬁbijEdu'ﬂ:ﬁlgstﬁeg:hick;(es‘s@ﬁtl&ﬁibﬂdrﬁillﬂgdﬁ &l 1200 ghet 00

deep, it may be de gagéo corrpensate by 9 1 0_MAR 2006. WD 03/ 025672
gerriag 1810 soad e brignes He uetﬁnemeespleﬁe phie

bal anci ng | aye Onsntt Qﬁﬁ:‘? f @%m@%

bal ance the |n!iIl %ﬁ?ty aﬁ%agkﬁ’é’?gm? Pﬁ%geshﬁ%d(r) nsm g“'gf%?*‘lrou h % %ht
non- phase- shi fhedsmqmdlﬁlganﬂ@ﬂjﬁerphhmshtﬁedwmlmght transmtted t hr ough
t he phase-shif openi 1125 041 her dlnents I.ncl ude

enbeddi ng. a% i Lat%g}]rredi at ﬂ‘Fﬁ?’@PO‘? 83 & mermpdiatelayn(gpt 1 or
the etch into EW@%%Eﬁe%%%Eﬁ&%MW&Ehm@@Ne@Qﬂ’cztéu% tel BYREvdRY add

conpl exity and affect the aerial ge unless it etely renoved
prior to conpl @n)r%#dlbfmﬂdbyaramycﬁdcqmpléﬁ’,tymwaﬂﬁmtﬂmmmdlmgemﬂesshtes

pr esent |nvent|on | udes hase 10 tht mask (PSM having in situ
bal anci ng of t¥ ﬁpgjﬁeﬁo rb‘?Tefgéomg f?"‘ﬂﬁt‘cﬁ HoRyy be transmi ssive or

reflective. Thpoggsk rramrtb%éﬁ»%% En&ﬁeﬂepws&mﬂwlu%]ﬁ@&%sdpﬁ;l%% or with

extreme ultraviolet (E light. [0043] One enbodi nent of the esent
i nvention 1& @hﬁhagsm ) hauingdnsit baﬂgnphgs»étrammlngan@?haseasudfmvm in

Figure 3. The AltPSM 0 has a 15 str 00 t 1.S nsparent to
jht at the dCPTNPAY W&?Weofﬁ%&egg Flsw’ttﬁ;mg %ﬁvel engt h
of light used iifadioR@{BUVSIBRPES with a&h&.@uﬁ@lm

@(pﬁ hphotore5| st on a
waf er. [0044] Fused SI|IU‘§ or quartz, 1s commonly c Si%en for the substrate
2100 at an adfe43 c vvav@nemgtﬁmdmemhéﬂneap@eemfmwmbhM&aﬂﬂﬁsnaaoneters

or 1 uor 1 ne- GBEPHRE P FE Sk s StoGhEN Heaot 176 AESOH MG 2 such as
about 157 1BM: sybstrate 2100 that is transparent to light at the actinic wavelength. The actinic -
- ~wavelength is the wavelength of light used in a wafer stepper to selectively-

expose photoresist on a wafer.

[0044] Fused silica, or quartz, is commonly chosen for the substrate 2100 at

an actinic wavelength in the range of about 193-436 nanometers (nm). Modified

20 fused silica, such as low-hydroxyl-content fused silica or fluorine-doped silica,

may be used at short actinic wavelengths, such as about 157 nm.

) R [0045] - Alternatively, a crystalline fluoride, such as Calcium Fluoride, may
be used at short actinic wavelengths, such as about 126 nm. However, a crystalline
fluoride often possesses characteristic properties, such as birefringence, large

25 coefficients of thermal expansion, and low resistance to chemical etches,
Compensation for any undesirable property may be accomplished with
appropriate design of the optics subsystem and the wafer stepper system.
{0046] A balancing layer 2200 is disposed over the substrate 2100. The
balancing layer 2200 may have a single-layer structure or a multilayer structure.

30  The balancing layer 2200 should be thin, such as about 3.0-70.0 nm, to reduce
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. [0045] .Alternatively, a crystalline fluoride, such as Cal cium Fluoride, may
be used at short actinic wavel engths, such as about 126 nm kR,?ﬂ%
‘crystalline fluoride often possesses characteristic properties, such as

bi refringenc®0 34286225 coefficients of thermal expansion, apgrAQ¥¥ 6596

resi stance to chenical etches. Conpensation for any undesirable property
may be acconplished with appropriate design of the optics subsystem and

the wafer steppBsorp¥sheThe bdlAR4G laferlP@bERGIaRGallyAYAsaSBR dril Hhyp BOSHALRV ET
t he substrate 2100@ The bal anci'ng | ayer ?200 y ﬁave a si ngl}i-l ayer

“structure or aof Bhisershiffiag. Erensmission is woiaiiyie fundtancif mypvelepgth 2@00aghoul d be
thin, such as +0-.70..0 r ce, 10 MAR WD.03/ 025672
PCTI US02/ 26896 a%s%regtlﬁgﬁ8°]1ﬂlen@ba§}t§en%i§% alzet a5 sty Eg‘gg‘%ﬁ“é‘il?%?/' S
transm ssive af@b4rpy be Inapaktich todlaviipass@ablaioptitdl rogdras E'iesﬁ'lﬁféjﬂ%la}léua' ly
a function of wavel ength and nmay be neasured in a tool, such as_the n&k
Anal yzer 1280 FFUlH#Popsssh selfisigpt chemical resitiarre, tadiatignidurahilityeandvi ng
suitable optic =T - ' 5 00 St posses

Suff ot ent chocy B EARG Whfand BRadRAP USRI N0 oy B oV e RESFBE Fves

wi t h t he under 2300nBhaselasid rttdramisetn ﬂxﬂdldzhtﬁbé\ég]pfe\dam@ aherdisstheaygk 2300.
Phase and trangm ssion should not be appreciably affected by the mask
fabrication prGPEsaion pocesssthemask degrestiomer teppis progsss erthe mask désainga sk

cl eaning proc T ' I 0 i.nclude .mat erial.s, such as
Chronmi um 10 FI ﬁ%?fzsgé?%)g%l’% E@?% ?%Jgrxﬁl éfnm%luglgéb er@ﬁ'é%dt?r%w or

Mol ybdenum(si | Flebtide (CIMS))) Zirédrinah Sirioard,als (ZrBrOY o6 Iﬁblfwaéﬁ&asuﬁiﬂé ci des,
and Nitrides of nmetals, such _as A unminum Chromum Hafnium Ml ybdenum
Ni gkel , Niobi UMoSEarfPtermaterily naludmPlonsidestSiicidesy aml Nitvidesiof mped4sychan
absor ber | ayer .S di r.th nci ng..J . 2200. The
absor ber | ayerasﬁ%*émbggﬁi&g?’q{%g%ﬁ% @%gmﬁﬁg‘%ﬁﬁ& %l“Hna al
density (OD). TifanaaTurgsterd 0f Zirdhyguahsor ber | ayer 2300 has a thickness of
about 60.0-180.0 run. The absorber |ayer 2300 nay be thinner if it has a

| arger ext i nctlPé#$! coef f Agiabgerbexlpyer 200 49 divpesed lover the balaaging 1220220fy be a
metal, sugg a%h%'%ﬁ:%@b%?lay@fsoo is opaque at the actinic wavelength with an optical
. density (OD).of about 2.5-4.0. The absorber layer 2300 has a thickness of about
' 60.0-180.0 nm. The absorber layer 2300 may be thinner if it has a larger extinction
coefficient (k). |
[0049] The absorber layer 2300 may be a metal, such as Chromium. The
20  absorber layer 2300 may also be a refractory metal, such as Molybdenum or
Tungsten, or a related alloy or compound. The absorber layer 2300 may also be a

material such as amorphous Carbon or amorphous Silicon.
[0050] In one embodiment, the absorber layer 2300 is Chromium. A graded
| structure or a multilayer structure may be desirable. For example, inclusion of
25  Oxygen towards the lower surface of the absorber layer 2300 will improve
adhesion to the balancing layer 2200 below. Inclusion of Oxygen and Nitrogen
towards the upper surface of the balancing layer 2200 can reduce reflectivity -
below 10% at the actinic wavelength, thus minimizing flare, or scattered light,

when the mask 2020 is used in a wafer stepper.
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“reflectivity

20. -absorber | ayer 2300 may al so be a refractory nmetal, such as %g um
or Tungsten, or a related alloy or conpound. The absorber Iailér y
‘also be a material such as anorphous Carbon or anorphous Silicon [0050] In
one enbodi menrtO 086 Rhsor ber 1 ayer 2300 is Chromium A gradedcraigovetdsce or
a multilayer structure may be desirable. For exanple, inclusion of 25
Oxygen towards the | ower surface of the. absorber |ayer 2300 wll inprove
adhesi on to thef0bad]anci nFhb pjieve-shaeddl isdnong 2128 GhdlSE@ R tedncRY 8 8Rstddetion of

Ni t rogen tomahgséb\)};e upper surface of the balancing |ayer 2200 can reduce
£ SHPSEEG- ditedreach it theifestparire afjths subsiide hasd widthi2d53 amad e

or scattered i . | S | f.er, ste r....11.1 0
MAR 2006 WO oslatg)a]éé (?7’%%E%@%@Sé%ﬁ%%ﬂﬁgp%ﬁgéy@ﬂf‘?}{@%ﬁ ‘gﬁgg‘ﬁ}aﬁ'&fﬁzs
i ncl udes a tr ereyeri220@ ovémadtecmal portionalf thd fibsgaestitied aHdihRest rBredisidd t he
first portiaqn cfeg{gne ubstraje h,asog wi dth 2155 and _a_depth 2145. The
adj acent nof- pHEEEN LR 8 SEEOWHBARHIRG 5 therubsiEntg de ene pabedimentilngnotheyer 2200
over a second Re4Bd isSIdR t | ] , £ 5
trench in the secoggﬁﬁﬁ%ﬁ of tgﬂgé@su gf‘?%‘%tgh%qﬁ)%eﬁg%cgagﬁg’%?@?fntﬁl'gnot her
enbodi nent, thewnbstiatea shal l ow trench (not shown) in the second portion of
the substrate %9@52]_ The &Qa%se-_ hi.ft ed, openi ng 2125 and the, .
" non- phase-shifl& peni ny"€ grshifed opsang2d 25 pyd themenrpiwseshifisd 2pssings t he
absor ber | ayer 23394 jjaoni&?&g . 0 r y..he absent
(not shown) bet weenetSEe ]rtafv%/gﬂEb openi nggt.n};P agg?g{ gégsﬁlgjgt%ygé%%ggﬁusg%&
especi al | y1Qhepasehdhe penbwgtrip 2855 ey be sbeeht (nof SS3d) bEbRedepetwad145
corresponds to a difference in the optical path Iength of |ight
transmtted t hPBUYRET Foats edggsansknmay issisedraspecioly Whemberppenmgs zeeerys
shifted opening,2325 and the non-phase-shifted opening 2310. A phase shift
of 180 degrees is desired with a range of less than 2.0 degrees. The depth
2145 has about[0053]e sanThenigpiit 2145 cofrespvmds itd & diffabhcein WRVSIRADpAh WKt he
t ranspar ent sg strate 2100 I s quartz and the anbient is air.

r
gtht transmitted through the transparent substrate 2100 between the phase-
15 shifted opening 2125 and the non-phase-shifted opening 2310. A phase shift of 180 -

degrees is-desired with a range of less than 2.0 degrees. The depth 2145 has about

the same magnitude as the illumination wavelength when the transparent

substrate 2100 is quartz and the ambient is air.

[0054] In a wafer stepper, Numerical Aperture (NA) of the projection lens
20  and partial coherence of the exposure light will determine the diffraction around
‘ the absorber layer 2300 at the edges of the trench 2125. A wafer stepper typically
: ) _ . hasan NA of 0.45 to 0.80 and a partial coherence of 0.30 to 0.90. Consequently, the
| optimal difference in the optical path length through the transparent substrate

© 2100 may vary, depending on the trench depth 2145 and the trench width 2155.

25  [06055] The sidewall of the trench 2125 should be smooth, with a slope of

85-90 degrees. The bottom surface of the etched trench 2125 should be flat and

smooth, but, in some cases, the bottom surface may be concave or convex and

rough (not shown). The bottom corners of the trench 2125 may be rounded (not

shown). Deviations and non-uniformities in the size and shape of the trench 2125

30 willintroduce errors in intensity and phase of the transmitted light.
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| ““degrees. The b&™

[00541-In a wafer stepper, Nunerical Aperture (NA) of the project,i S
20 and partial coherence of the exposure light will determ neH&ﬁAq'é]Zhﬁn
diffraction around the absorber |ayer 2300 at the edges of the trench 2125.
A waf er stepP&9%4Hf78ally has an NA of 0.45 to 0.80 and a pactriusb2esss
coherence of 0.30 to 0.90. Consequently, the optimal difference in the
optical path length through the transparent substrate 2100 nay vary,

dependi ng on t 1j8036] ench HepiltotRdrkmizoitimehs, terie htovneidint 366mbe e d[1RP&ES]
_The sidewal | of ttg‘%\ ty&snch 2125 shggl d be smpoth, with a slope of 85-90
LAY FayPeotisRased Betuvren the ewerber 137t 3HAnd the bekeagingnd

smoot h, but, i Ma&@PBOE As@Enedil o@@h{bgaag&{a%g&ﬁgﬁ%ﬁﬁ@;g}%oe%eg ispy§ex. and

rough (not showi). The bottom corners o nded
(not shown). belrean tbadalandng dayenA2(0cmd the esbstratd 2®0si ze and shape of the

trench 2125.30 W i ntrQduce.errors i n intensj an hase of the
transmttedl i ngH 12 1 %%PW%SW%@E&%?Y%SM%B%F@%G] I n
still other enbomi (IBEics inGRE haistnt i AIHIRIOREGN PSS SR FN S0 (NOt

shown) may be di sposed between the absorber layer 2300 and the bal anci ng
| ayer 2200. | nf@rperia ©r pring hise due dichdjesr B if often kdipfubjo iteayptiodly sindate

di sposed betwgen the. bal anci ayer .22 nd. t ubstrate 2100, 5 [0057
Opt Pc al Proxi Vn\lﬁ}eyaeeoaflrl%?ﬁei rSﬂllggﬁ%fXW%ggﬁﬂthﬂﬂ%; ifncaf‘ 0 i-Pfi‘btf’o [ ]
clai med in thecqnbmenke hiayie Mi0mER s ﬂ{&\/;lgtley&% ildaRtibh aﬁilmgfoAimCDS to

p

conpensate for_print bias and etch bias. Is often helpful to iteratively
simul ate the Bﬁlﬁ@ﬁﬁ@m@@ﬁesuthﬂgertmmmiqﬁ@aﬁSMMd lky6GRE. It can al so

be hel pful to i ne the nmas 020 clained in the. present invention with
PR R IR [P R Ve B e ety il SRR S o SN YRS
| ayouts. [0058h dyeytoreoilentibughbriteifeliie APl @iohschGenag cigt forth

above in. order to provide a thorough understanding S e present
i nvention. Oneskillad inl the aitrwilllap peaciatevat naypgrof thefestutréxin onaeynbotlihére are

features in one epbodi ent are.  equal )y applicable to other_enbodi nents.
One skilled i r?qf’_ﬁg}') &_F’Pﬂﬁ?ﬁbﬁq oty e%%’%%ﬁ%ﬁéi ‘Aeeskified hptheprtwillplitake vari ous
equi val entyss ulypblddihte MSatilly th2RA& viREEE bdSivalent substitutions for those specific |

materials, processes, dimensions, concentrations, etc. described herein. Itis to be

understood that the detailed description of the present invention should be taken

as illustrative and not limiting, wherein the scope of the present invention should

be determined by the claims that follow.

20

- {0059] Thus, we have described a phase-shifting mask (PSM) having in situ
balancing of intensity and phase and a method of forming such a PSM.
25
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material s, processes, dinensions, concentrations, etc. described herein It
is to be understood that the detailed description of the present invention
shoul d be taken as illustrative and not liniting, wherein phmg‘ﬁcg}gg of the
present invention should be determned by the clains that follow 20

[ 00591 Thus, we have described a phase-shifting mask (PSM having in situ
bal ancing of intensity and phase and a nethod of form ng such a PSM 25 13
10 MMAR2 RP, W claim 1. A nethod conprising: providing a substrate, said
substratev\pacli_ng a first thickness; 5 formng a bal ancing | ayer over said
substrate,”S&"® bal anci ng | ayer having a second thickness; forning an
absorber | ayer over said balancing | ayer, said absorber |ayer having a
first region separated froma second region by a third region; renoving
sai d absorber haseiodcsm@igihgt first region and said second region; 10
removi ng said bal ancing layer in said second region; and reducing said
substrate in seioddiree sbgtrate ghio pubstate havigradirt ticktessss. 2. The net hod of
claiml vvhereip sai d substrate conprises quartz. 15 3. The nethod of claim
1 wher®in sai d°5%ﬂ‘%?1€?'5i‘1‘6'”9 %P"%PﬂﬂPP%?GG%P&F}‘?%’HQ#?V&HHVH%?Sefz?.“d The net hod
of claim L.yherein said absorber |ayer conprises Chromium 5. The nethod of
claim1l erein light transmtted through said first region and |ight 20
transmtted thioangansdbslbs @O Her REIRRNGRMSY A shl 38Brbehbfd n&fingkdtdegr ees.

6. The nethod of claiml1l wherein light transm-tted through said first

regi on antkgioh géparatedds a febed rédmmdyghhisiaegbrsecond regi on are matched in
intensity. 25 7. The nethod of claim1 further reducing said bal anci ng

| ayer in said TMPYM9 i Abember faver i eaif first regian; apg fid gecondgegion;

10 removing said balancing layer in said second region; and

reducing said substrate in said second region to a third thickness.

2. The method of claim 1 wherein said substrate comprises quariz.

15 3 The method of claim 1 wherein said balancing layer comprises Chromium Fluoride.
4. The method of claim 1 wherein said absorber layer comprises Chromium.
5. The method of claim 1 wherein light transmitted through said first region and light

- 20  transmitted through said second region have a phase shift of 180 degrees.

6. The method of claim 1 wherein light fransmitted through said first region and light

transmitted through said second region are matched in intensity.

25 7 The method of claim 1 further reducing said balancing layer in said first region to a fourth

thickness.
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