ANTI-REFLECTIVE SIDEWALL COATED ALTERNATING PHASE SHIFT
MASK AND FABRICATION METHOD TECHNICAL FIELD The present
invention relates generally to photolithography, and more particularly to
photolithographic phase shift masks and mask fabrication methods.
BACKGROUND ART Almost every modem electronic product, ranging from
toys to masNIYe REFNPEETIVPSIDISFA DLegEATRD aliBHRNATINGS are

generally maglg using gl Rl RIBRSEABRNNGD |
manufacturing a template containing patterns of the electrical circuit as
transparent and opaque areas. The patterned template is referred to as a
"reticle” or "'mask”. Generally, a number of these masks are required for
manufacturing a complete device on the wafer. A radiation source, such as a
light, is used to copy or "pattemEaAMIEM_ iFages of the mask onto a
photosensitive material, such as a photoresist, on the surface of a silicon
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wafer isthen cut (or "diced") to form the individual ICs. Engineers typically
use computer-aided design ("CAD") to create a schematic design of the
mask. One technique, Levenson phase shifting, also known as alternating
aperture phase shifting, is usetiGbehtENEMER Features on ICs. Such small

features are generated by a pair of areas in the mask called shifters. One
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uartz. Phase- shifting material is sityated in regions on the mask substrate.
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thicknéss on the quartz substrate, or by etching vertical trench patterns into
“ﬁ‘f&r'quartz substrate. 1 The phase-shifting material may be, for example,
silicon pitrigieaseihe! swikable 1sanspaieniooaierialspateh amaxisiesniges of the
oxynitrides. It may also simpl be a thick%r or thinner regriton offthe.Pame
masK onto, a Rl'lo osel};s 1ve materl such as ) rﬁswt an the fitlace of a silicon wafer.
substrate materia ](te.g., gquartz). In such'an alternating element
Once features are patterned on the photoresist, further processing is performed to form
various structures on the silicon wafer. The completed wafer is then cut (or “diced”) to form
the individual ICs.

Engineers typically use computer-aided design (“CAD”) to create a schematic design
of the mask. One technique, Levenson phase shifting, also known as alternating aperture
phase shifting, is used to create small features on ICs. Such small features are generated by a
pair of areas in the mask called shifters.

One such mask is an alternating element phase shift mask (“PSM”) that normally
includes a substantially transparent substrate composed, for example, of quartz. Phase-
shifting material is situated in regions on the mask substrate to provide a phase shift to light
radiation as it passes through the transparent areas of the mask. The phase-shifting regions
can be formed in several ways, such as by depositing patterns of transparent films of

appropriate thickness on the quartz substrate, or by etching vertical trench patterns into the

quartz substrate.



PSM, discrete non-phase-shifting components are then disposed alternately
adjacent to discrete phase-shifting components. An attenuated PSM is a

PSM that contains discrete layers of absorbers, composed for example of
chromium, disposed on the mask substrate. The absorber layers selectively
atteniiheertirsdigiifithatisigask aehyhbretiorotigimmiyyildcon nitride or other suitable
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PSMs to provide more complex PSM designs. Shifters are arranged to exploit
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the shifters is out of phase, no feature is created. By reducing the distance
Aol highiibas et A ABREd P eatures can be created on the
photaiesisd. affeeumddtinafitheafeaes®icanbal wobsicandilydasshhatroatldibaent
duced by the same opti stem without phase shifting. In a trenched
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with the normal (desirable) incident light. This interference lowers the
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areas where features are not to be formed. One known solution for the _
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syai@s (vaho@ phin) tefdisgnch chrome opening. However, undercuts limit the
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incident light. This interference lowers the intensity of the light that exits from the trenches.
Due to the lower intensity of the light that exits from the trenched areas, the alternating
trenched and untrenched areas will not provide equal light intensities on the target
photoresist. The resulting intensity imbalance then causes the printed photoresist features on
the wafer to have placement errors.

Opaque areas, typically of chrome, are usually provided on PSM masks to block the
light in areas where features are not to be formed. One known solution for the intensity
imbalance issue is to provide undercuts beneath the chrome and to bias (i.e., to thin) the
trench chrome opening. However, undercuts limit the minimum chrome size due to problems

with peeling of the chrome. Biasing reduces the chrome that remains and hence also

contributes to the chrome peeling issue.



which the sidewalls of the trenches are coated with a light-absorbing layer of
chrome. The SCAAM technique requires less biasing and undercutting due

to the chrome that is deposited on the sidewall for eliminating the problem of
stray sidewall light. Unfortunately, however, there are issues with the SCAAM
technigeéhenardinioigiones aoiseieduduienhalssmplexdinetifo mailg theAAM”) in
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PHIE e ST Fo THEPRRtHBR HBBle LI SBH: B ik S Stbim A vRCHESH 2

clandisoed isbiutt@rigrgayelogiignss havinaie tadghb dbshgdgestedianys limit the
sglutions and S utions to these problems have long eluded those
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anti-reflective material is then formed on the trenched phase shift mask and
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Headingafi thgfqllowing detailed description when taken with reference to the
accompanying drawings. 3 BRIEF DESCRIPTION OF THE DRAWINGS FIG.
| is a simplified schematic of a photolithographic system; FIG. 2 is a simplified
schematic of a phase-shifting photolithographic system utilizing a mask

according to an embodit? Qﬁ@ﬁg IVERNGHON

The present invention provides a method for fabricating a phase shift mask. A
trenched phase shift mask having portions of a light-blocking layer thereon is formed. A
layer of anti-reflective material is then formed on the trenched phase shift mask and the
portions of the light-blocking layer. The anti-reflective material is then removed on
horizontal surfaces of the trenched phase shift mask and of the portions of the light-blocking
layer.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.



FIG. 3 is a view of the first stage in the formation of an anti-reflective sidewall
coated alternating PSM according to an embodiment of the present
invention; FIG. 4 is the structure of FIG. 3 after deposition of a mask for
etching of the chrome layer; FIG. 5 is the structure of FIG. 4 after etching the
chrome layer and reRIGVIRFHRIIIRNE BB RS INtYe of FIG. 5 after
formation of a mask for etching the light- transparent substrate; FIG. 7 is the
strucfilfé dfFGphfed whamyanbaivrietdhayarbit Yotstrate to form
trenchEs. and sempuing Heasmask oFiph&isstigistrpledwriaidrifhid sgéiem utilizing
de#olgsitiondof an anti-rgﬂ&ectiv? %c%ﬁltin%lalyer; FItG. 9 is the structure of FIG. 8
aatear 3Cnccérnfggtr%f)?ceajryoe@ﬁnof) e ant-reflec |3é°%oating layer; FIG. 10 is a
figurdtive fepresentafithe Hepittggithbdihmriiensityroinateflevaddighevnalltbented
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chart of a method for fabricating a phase shift mask in accordance with an
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lalEtE INVENTION In the following description, numerous specific details are
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ngiekails. In order to avoid obscuring the present invention, some well-known
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drawings showing embodiments of the invention are semi- diagrammatic and
UARPEICSE AN AIHF: particularly, some of the dimensions are for the clarity of
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plane parallel to the conventional plane or surface of the photolithographic
CoARRK [9gardless of its orientation. The term "vertical” refers to a direction

perpandiciias torthe et zeptakasdustddpitnad (kelhs i S @Df patterned light in
the immediate vicinity of the photomask as it exits therefrom; and
FIG. 11 is a flow chart of a method for fabricating a phase shift mask in accordance

with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known configurations and process steps are not disclosed in detail.

Similarly, the drawings showing embodiments of the invention are semi-
diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown exaggerated in the FIGs. Also, where multiple embodiments are

disclosed and described having some features in common, for clarity and ease of illustration,



"on", "above", "below", "bottom", "top", "side" (as in "sidewall"), "higher",

"lower", "upper", "over", and "under", are defined with respect to the

horizontal plane. The term "processing"” as used herein includes deposition of

material or photoresist, patterning, exposure, development, etching,
dedempiing, and/cemunsboaiion tHemmterialior phbtbkesispacrequirad innfshatingtll

oRIReSH hed strvetiva Al ihqughte Mygpiion is described hereinbelow with
respect to single-wavelength ultraviolet illumination, it will be readily
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.those of grdinary skill in the art based upon the description,of the present
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cted from an illumination source 102 through a photomask 104 and a
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paescendugtsnwatereldinchhegphvigmasknit34 aidhe photelitheaphitterial or
stem 100 is located at,.and thus.defines, a first plane, which is the plane of
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a light-transparent substrate 114, of a material such as fused silica or quartz
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& focuBed y & lens 106. Focused patterned light 122 reproduces the
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hotosensitive material that is used in photolit og]:a hy to transfer patterns
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the semiconductor wafer 110 is located at, and thus defines, a second plane, which is the
plane of the photoresist layer 108.

The photomask 104 includes a light-transparent substrate 114, of a material such as
fused silica or quartz, with a patterned mask 116 that is formed on one surface thereof as
explained further hereinafter.

The illumination source 102 produces light 118 that the photomask 104 selectively
allows through as patterned light 120 to be focused by the lens 106. Focused patterned light
122 reproduces the mask pattern of the patterned mask 116 on selected areas of the
photoresist layer 108.

The photoresist layer 108, as is conventionally known, is a photosensitive material
that is used in photolithography to transfer patterns from a mask onto a wafer for forming

integrated circuit elements thereon.



wafer | 10. The goal in the photolithographic field is to keep reducing the size
of such features and implant regions. Unfortunately, even a geometrically
perfect photolithographic lens cannot separate two points below a minimum
distance. When the two points are less than this minimum distance from

each Dtheraftifiexeton anr intdeaesdoemstts prev et thapad frpmbeikdn such a
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nature of the light 118, cause peaks and valleys to occur in the intensity of
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percent of the image intensity. Thus, two images are considered resolvable
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102; and NA is the numerical aperture of the lens 106. In an effort to
the openin

Gvércome diffraction and interference problems, various phase-shifting
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200 utilizing a mask according to an embodiment of the present invention.
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the lens. Two images are considered as being resolvable when the intensity between them
drops to 80 percent of the image intensity. Thus, two images are considered resolvable when
the following equation is fulfilled:
2d = 0.6 A/NA
where: 2d is the separation of the two images;
A is the wavelength of the illumination source 102; and
NA is the numerical aperture of the lens 106.
In an effort to overcome diffraction and interference problems, various phase-shifting
systems have accordingly been developed.
Referring now to FIG. 2, therein is shown a simplified schematic of a phase-shifting
photolithographic system 200 utilizing a mask according to an embodiment of the present

invention. The center portion of the lens 106 is pictured where the angle of the focused

patterned light 122 is least affected. As in the photolithographic system 100 (FIG. 1), light



photomask 104 and the lens 106 onto the photoresist layer 108 on the
semiconductor wafer 110. Since phase shifting of light occurs as a function
of the thickness of the phase shifter material, the patterned mask 116 of the
photomask 104 is patterned with trenches 202 to cause phase shifting
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interference in the patterned light 120 in the second plane of the photore5|st
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vt Riey dight-thatrefigcisdrom the sidewalls of the trench will interfere with
the normal incident light rays (such as the light 118). This interference will
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(such as the chrome Iaa/er 20 gand blasmg (i.e., thlnnlng) of the chrome at
thgdens 106 itself. Accordingly, the phase-shifting photohthographlc system 200 allows

features such as the photoresist feature 208 to be much smaller than a system not using phase
shifting.

In a single-trench alternating aperture PSM, the stray light that reflects from the
sidewalls of the trench will interfere with the normal incident light rays (such as the light
118). This interference will lower the intensity of the light (e.g., 180° phase light) exiting
from the trenches as compared to the light (e.g., 0° phase light) exiting from the light-
transmitting areas of the unetched substrate. This disparity results in an intensity imbalance
that causes a placement error for the photoresist features (such as the photoresist feature 208)
on the semiconductor wafer 110. One known solution is to have undercuts beneath the

chrome layer (such as the chrome layer 206) and biasing (i.e., thinning) of the chrome at the



7 trench opening. However, undercuts can limit the minimum chrome size
due to the risk of chrome peeling, and biasing can reduce the chrome that
remains, thereby also contributing to the risk of chrome peeling. One prior
method for addressing some of these problems is the use of a sidewall
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ayer 206 thereon. Referrin to FIG. 4, therein is show ructure of
P AR e B e e R B S S AR

the cRedptenzyem2 06 . HReferritigraiow s ShehbresistzzshiiiWnithéstfounaten,

aQlFd &g 4ofollovine@iching: Ahe ik RAHIADSHAbINS ChrOmE 1aY&1i90&ilElan Doated
not masked by the mask 402 (éOIG. 4), followed by removal of the mask 402,

algRasps theMeriiihiny PirRCBr e CHrdflE1dyer 206 4hGHAY ifltes e light

iriksfarEngsabwie HIQ. B, thexrinlis shovotedhel simatuhanofdr] Ghe Sat@iEIIY of the

Cforméelﬂlorelr Elagrt%grrégf a mask 602 to be used for etching portions of the
]illré)ﬁl%-tra%sparent Substrate 114. Referring now to FIG. 7, therein is shown the
strucRetewing| G follbling eteiéiy of pomioribeobtietiitghefr&iSparétowing the

dSysiE e dnnatRrRigeies By dg etk GRnd MG bR faya Ji trenches
02 therein, foIIowedFS[tt)ﬁ:\{Jremoval of the mask 602. Referring now to FIG. 8,

thereltFISTERBRAMH 1SfrtictURS BIPRFGDoMR RsinfiYy EH 85 [iGh “dpHpwing etching of
tRpoellectmacaatng GARA) (@yer H0dthergen bintenssrmbodFieny iiellowed

ARC layer gn?z IS er of chromium that is deposited, for example, ysing a
e s ot e R R R s R R
ircBiapfeted photomask 104, which is the structure of FIG. 8 following an

anisoﬁ&@flﬁrfg YKL Pi@%,%ﬁgil@%%rh%ﬁ 'tM%&Q@Q@'MG. 5 following formation

thereon of a mask 602 to be used for etching portions of the light-transparent substrate 114.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 following etching of
portions of the light-transparent substrate 114 not protected by the mask 602 (FIG. 6) to form
the trenches 202 therein, followed by removal of the mask 602.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 following deposition
of an anti-reflective coating (“ARC”) layer 802 thereon. In one embodiment, the ARC layer
802 is a layer of chromium that is deposited, for example, using a vapor deposition process.

Referring now to FIG. 9, therein is shown the completed photomask 104, which is the
structure of FIG. 8 following an anisotropic dry etch of the ARC layer 802. Anisotropically
etching the ARC layer 802 removes only the ARC layer material that is on horizontal

surfaces of the trenched phase shift photomask 104, but not the ARC layer material that is on



etching the ARC layer 802 removes only the ARC layer material that is on
horizontal surfaces of the trenched phase shift photomask 104, but not the
ARC layer material that is on 8 the vertical surfaces thereof. The anisotropic
etch thus removes the ARC layer 802 in the central portions of the trenches

theoerisal ipntfis eitrabportieanaiorepisreren8hisd gupeisdhe Adifiolas @92 in the

c@ﬁ%ﬂ%&i@]ﬁ Eﬁ%@i@&ﬁ&@@@%m thereheomar! _ ﬁfo%@%f %@_Vﬁliﬁ/eﬁélk%@t&\i%%ate
exposwgg;hese regions without the need for additional masklng?. The trenches

regn S RO S ST HBAAS BRI LT KRB DS ba e Mg oseissleely
ethetrigytinge nekgsioredtoua tHightdd aos missiveas iatekingweke nréhehanatroyiche
etch has allowed the ARC r 802 (see FIG. 9) 1 remain _on the sidewall
G e P TR RS AR o
lighe terromsig/en206. As a result, the ARC layer 802 is able to actively

cancef Ay Stra lmtn}taﬁikvg&wﬂagtm;weaqmq@ g €12 sidewrllsH Q2 aMdin

904, thereb}/ |m2rovmg the intensity balance for the non-%hase-sh,lfted light
ophy sitiealp RIS TigtfaRhthe phakb RhirdavrgrP e Y. R &eTseriprRggions of
tHighothatdgeirads miiaddhinouah LRI espEIRANG lightdransalissiveelpaktions tiht

the phpotomask 104, Referring now to Fl 0 rein is shown a figurative .
GRS A e s TR G
balpacinfthalienpradibase widitied) afhthee ghatsraskasOlghd iveditee thlegesfrowmbted Hight

(dreengity; €d) pidhe RAaiteRedioMnkifuas shavwR RYIBEGHiME ALHSH M ssive
intensity 1002, correlates with the positional displacement or distance ("D") of
PoRdcBE g AT BBRIREBIN Mg light-transmissive portions of the trenches 202 and
the lightetrastovs SOVEIQOIIONEB Bfithestoire adhecasvb statecregions @DAdepEting
confirmed by thjs, depiction, the vari espective light intensity maxima are
LS T A il AR RS
194 sestaittidilyethansahhe fgetsoth(the phiiseatifitsd ighd! 8k pohvhseninshiftet ve

of RRORSHPTHRAG R OIIDSK e WRASIY JORAIARCER NEMURER NG AIRINAYNY of

trenched and untrenched areas of the photomask 104 have therefore been

theliivsRb G OTRP IR I BRERRIEEH AR RS athriBe Srefcbst dfflg tndrhe light-
trenshadinge pbeiotiie opreseshirventipRuistaiioraghy tie ARG layeirdd &y this
the side 902 of the trenches 202. and an the sid s 904 of th

depiction %gllzsar%ous ICS, Ctl{/%rilgl‘l]l? 11’1?61’181}}’218%)“]"1}‘3].. arc suggyéa”[la acﬁﬂlééhal il’éiﬁtShOWS

r malning poruons o e chrome aye IS prevents a
thies. the ligivtuatisingeiromr itie Hedl neftastipns) swirtintthidy ghotameadkr 1@ubftberphase-
s@ﬂgﬁhﬁf&tlﬂg I&{agé_[ﬂlﬁiﬁﬂm‘li@%ﬂ%f bRt iR e HERGRER KRN between
thea Ceillqletrllcl);ﬂ?nlg It?errlltcilsed and untrenched areas of the photomask 104 have therefore been
eliminated.

The elimination of the intensity imbalances, according to an embodiment of the
present invention, is afforded by the ARC layer 802 on the sidewalls 902 of the trenches 202
and on the sidewalls 904 of the remaining portions of the chrome layer 206. This prevents
additional light (e.g., light arising from internal reflections) within the photomask 104 from
augmenting or diminishing the light that exits from the trenches. (Such “additional” light is
light that is other than and in addition to the normal, direct incident light from the
illumination source 102.) Otherwise, such additional light will cause an intensity imbalance

between the light from the trenched areas and the light from the untrenched areas (i.e.,

between the phase-shifted light and the non-phase-shifted light). Instead, the ARC layer 802



light that is other than and in addition to the normal, direct incident light from
the illumination source 102.) Otherwise, such additional light will cause an
intensity imbalance between the light from the trenched areas and the light
from the untrenched areas (i.e., between the phase-shifted light and the

opdhepligsalshie dfigist frandiend)IrEsaRCsknfettig dighd potHisitienril Istoo o pf
Hb g JreBehes Aite@bsprbsustchatiayHiohiRadhag ihe metiniensity.hethe lghted

being emitted from a unit area of the trenches 202 is the same as that being
fromitfogpesT WH ksoddbeumrenehe e thdrpsdesientd’dubstrate regions 204.
Advaniagendsysthaharessaitiniention @lininaiemiaicnsintnnbatarge®dying the
ing the, ARC layer 802 on all of the, sidewalls of the light-emitting regio
A e e B B TR 16
instuia cHrorideligidy 2006 off hgsrampicoativrytainsiclethalhrimeduldiey 296. Thus, by

C&QngéiiSs%QanfsEhﬁcﬁﬁﬁﬂ?gﬁm RRAANS st @Qr%ginlﬁﬁeﬁ(gg&st%? the chrome
presence of the ARC z%ger 802 at the edges of each of these Iggfé[r[-emitting
[

I
195510, VBHATEREREhER ARNRSrENEn SH2 dbihag ke e e liandigisermiting

rdfiere0hosio filatibe atidnsuenskeaxtejnisl phréiess liphdrmwiitiogsapelssigso that the

remain e L%al IntFr{ ity i qlanCt?s therebetween and th?rea[mong[ are

transverse extents o EF%/C l% -emitfin oi%emn S remaln.ci:élua rpe nte{ls y 1mbalances
ereby eliminated. Thus,the present inverttion provides efficient,

therskpraiesivendibdrpigioyeaffe drivebseluntoged.and methods that eliminate stray

!ig ht ffﬁﬂ%,_th‘ﬁ'es'ﬁ@é@ﬁ”%%ﬁh%ﬂr Hﬁ}ﬂ&’e%, @ﬁciéntp%g%ﬁ_%%!@ﬁﬁa&%m tBfective
invention is that the ARC layer 802 is formed and retained on both sides of

SHREYETH AN MSATIRE SRR ASIRe lighkromethe sidprale RE et here2. A
phayara8aavanthethiside snotihenemaining pRoAgofeRicHome layerabed on

therepy eliminates the need to bias up either the light-transmitting are
B R et A R TR L o TR RS AR e
8pdgiorbothC4ddesing ehb otmiighngreersmistivigtiopenions lazseiethseae dipeinates the

n&laGo HAVABRARIYRM S MeRANT HD At IS WRr k RRAS IR RE RETIORMEH ihitting

S|Z|nog up the openings of either the light-transmitting areas of the trenches

arsg® o R AHEChEd MR g s RSOt eibrih USRI LS ARGTERS DoYeithe
samatepdiiagsizas ok ihenaihelusihaemRGelayah802tmayoadvasiageougyrkemed in
sionmed of a@rﬁgﬁo rate materialy other, tham chromium,, Such a8, BIHNOL we tight-
im eg to, oy]b enum, aluminum, aluminum oxiae, go?d, silicon, silicon £
traxymnitriciestesilvé thaiokeinthedystbsiraanc ghais 2oysraaichshicidess oashwethers

compgyndgeng 'E%@5‘Qle’?‘tL_ﬁO&Eﬁg‘é&%ﬁym&e@ﬁﬁéﬁ_eo\ﬁ’%kfﬂ GO 1HaR&Hs other
upon the particular combination that is needed of film refractive index,

thap ERBEPED b @Rt P @b Ainaife dtn BPIYRECIIMHLTBRIED (BRI Y oxide, gold,
sisidfficisintynhighnselessiilydn theemaskStlastiadahriatarsk (gng.silicides, as well as

compounds and/or combinations thereof. The choice will depend, in part, upon the particular
combination that is needed of film refractive index, extinction coefficient, the wavelength of
the illumination source, and sufficiently high selectivity to the mask substrate material (e.g.,
quartz) during the etching process. As a general rule, the higher the extinction coefficient,
the thinner the absorbing film needs to be.

Referring now to FIG. 11, therein is shown a flow chart of a method 1100 for
fabricating a phase shift mask in accordance with an embodiment of the present invention.
The method 1100 includes forming a trenched phase shift mask having portions of a light-

blocking layer thereon in a block 1102; forming a layer of anti-reflective material on the
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quartz) during the etching process. As a general rule, the higher the
extinction coefficient, the thinner the absorbing film needs to be. Referring
now to FIG. 11, therein is shown a flow chart of a method 1100 for
fabricating a phase shift mask in accordance with an embodiment of the

trpnekeshphase Alidnmark anddb ar1ivoo oh dhadizhtdiasiigealasenehed okkdd Ghifnd

rdRdshbaying artiens ot dahi-oRlaskingdaxerihereemin @ RIRGK hh®2shift mask
forming a layer of anti-reflective material on the 10 trenched phase shift mask

and, of 1he PRSHESA ldheHiEhbReakSKA D Erle s B 1104: and removing the
anti-refl@éativecpiateiiad anchorizontad spidecesialdhecirenshadipbase shiftantages.
pfiEskuAnd fiheiportions. g s iatisblacking 'aver A bleck k108 ILhas, yer
' eeh _r"/s,cov red that ?_he present invention has numeraus advantages.
iRkipreipadly, ithrovides iatesHEheaPEM o elisdrcamd thp pakiatuitieat effebtdeynd
wELLnexRensively-sliminate intensity imbalances between the alternating
trenched and untrenched areas of the mask. Another advantage is that it

readify YIRS REIRS G Bk StRACH S RaVTAR Bieheret sSErd e Ete tenched
ahi@ biikaiosedittng openringsdbpérangshbih o Hehsdnne sige. sineone

embqgdiment, yet another advantage is that the chrome layer on the substrate

s (o T RS0 K Q0 L DO, SC era e/ Sty
hah¢ha dighittabbialzing phitie lameremchrabl $igbt peacin gerdthugintipimpdemneed to bias

upliseQ¥eredihet thedrengbed PSM method and apparatus of the present
invention furnish important and heretofore unknown and unavailable

solutibhs: HapiohiiBsdisiyHiActivhdradvartal &M prbd it gtapitus of the
preasks arddnaskrmakingparaaessé shekhiefsesultikgopiocagsasagithble solutions,

configurations are straightforward, econgmijcal, uncomplicated, highl .
o P Al R M b
pragdssae thliereetdifnguitenddesesmanlfetigingtianti-reflesctivehitenell coaneuical,
uﬁé@ﬁﬂﬁgﬁgdph@g}smgﬂﬁék%ﬁ' @fmﬂ@,erc%at)és ilg wi hadapting known

conventional manufacturing processes and technologies. While the invention
(97RROlRE Rkt AR EFtihcHBFWith BEpEKHE Brat hErdlscibis stdepall coated
aldgisionddhatimanykalie natives, thaoditicaipansleanchvainiasians aith eifacturing

p%%ggree% te(t: 0S Oskllled in the art in light of the aforegoing description.

cordingly, it'is iftended to embrace all such alternatives, modifications,
and Vgt shesinirigiofablap/itin doecsbopm o thecinaiudidd aclaiviSc Alistratidasit is
tJ‘EE‘QIﬁ@E?{t%&FMQJ %JB?VQQQBMWM&FQ%&%P%Hwigﬁons will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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drawings are to be interpreted in an illustrative and non-limiting sense. | |
THE INVENTION CLAIMED IS: 1. A method for fabricating a phase shift
mask, comprising: forming a trenched phase shift mask having portions of a
light-blocking layer thereon; forming a layer of anti-reflective material on the

THENDREANHERDE Shifl MBI ENd the portions of the light-blocking layer; and

removing the antj-reflective. material on horjzontal surfaces of the trenched
o <t RS B AL T o SR By er 2. The
methéatrofnglainedchel gteise khifhingska Hneinghedtphasé shghtrhiskihaling thereon;

i aht-blocki . s {
Chror e R AR AR e
1 wherein foWtiags el gitdhecketelenos fdterial on the trenched phase

shift magsk apdihemRauiResefHhe lighithleaking|ayan b thah s aeHRHSE phalSiBg it
a vapor deposition process to dep r of chromium thereon. 4. The

sit a la (
method of ci&it %A Pé‘?r??gfﬂ%sv?géhﬁ'ﬁéggﬁl-%]f@%ﬂ%e%aterial on horizontal
surfages of renc ase,shift m nd th i f the. :
ot Blockin o L e A RN Bt e bavine
paitigrefdctivechidrenking laistothergsurtisibah spaatrifethEouBgaPpsitiossremium

rdhedienchesanrdnghacantialprtions of the untrenched substrate regions
between the portions of the light-blocking layer. 5. The method of claim 1

wherain theTartrrafledtvfe iatdriahéndh desmmateyial ot ehsctetkfom material on
chromiu olybdenum, aluminum..alumj 0X] old, silic ilicon .
thé trenc grgép’[%ﬁey st%nﬁ nﬁ% an rﬁle é)ortlons ﬁﬂﬁ%?h?é{_ %bg(lﬁgi(ljageh uttﬁef‘,r gomprlses

Qxynltl‘l |ve(, nic , tungst n', an a oyt e eq , a Sl thereo
ugpenbHIReH dhRYEHEN argeasdotipatio YRepéshrgninmdgserifor fabricating a

phase shift mask, comprising: forming a trenched phase shift mask having

portiohs of d MHEBISGkig TE8r Ih&ESH bV SHGHEdFSHEpdRalsial on
hstihstrateydeposifitg artigliedlphliagHayetaok ihe tighpdranspaiehnd sighstiat&ing

forming a first mask on the light-blacking layer for. etching the light-blgckin
T SRR I AR e
portions thereof in the central portions of the trenches and in the central portions of the

untrenched substrate regions between the portions of the light-blocking layer.

5. The method of claim 1 wherein the anti-reflective material includes a material
selected from chromium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon
oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.

6. A method for fabricating a phase shift mask, comprising:
forming a trenched phase shift mask having portions of a light-blocking layer thereon
by:
providing a light-transparent substrate;
depositing a light-blocking layer on the light-transparent substrate;
forming a first mask on the light-blocking layer for etching the light-blocking
layer;
etching the light-blocking layer not masked by the first mask to form the
portions of the light-blocking layer;
removing the first mask;
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portions of the light-blocking layer; removing the first mask; 12 forming a
second mask on at least portions of the light-transparent substrate and the
light-blocking layer for etching portions of the light- transparent substrate;
etching the light-transparent substrate not protected by the second mask to
form trenché&yinithe genadanairaeerit dedssrareormef iémbeivdgrahepasabpebstrate
mask; forming a laygr efantirefiective:maleralen dpailienghedmhaseshiffight-
mask and the portions of the light-blocking layer; and removing the
anti-reflective matEAXPAFFHoNISHE surfaces only of the trenched phase shift
mask and oéttiénpatitohighotithirfighit blasking layepibutrdt Byormevestiaal mask to
surfaces thereof. %oﬂ'ﬁerr?c%%holg { fﬂa]iilript gnvsvh%g{'rg fgsrt%'{gg a dtrenched phase
shift mask having portions of a Ilgﬁt-ﬁ ocklné)?ayer ereon further comprises
forming opagoedheshsiserorégiasis on the trenched phase shift mask. 8. The

methadafclaimRWiersindarning adaver of antivaflectivishiateriah@Rkthi the
trenched phase shift mask and the paortions of the light-blocking layer further

comprises BHgRa YABoH TR et deposit a layer of chromium
theremm&@iddwdnethad afickainadrivharasriremawndatee anjioefleatirehed phase

material on izontal surfaces only of l\%e ‘enched phase shift m and .
the portionssg {f%a%;ﬁrtl-ﬁb oc eiﬁar%(i/ﬂesroéltj entf(’l) Etr_g;lr]%c\%}ﬁa?ﬂ egubrlftggg%s%kﬁ%lrg%r ical
further comprigessathigotfopically etching the layer of anti-reflective material

to remove portions thereof in the central portions of the trenches and in the

centrél portibhs BT GhTEHEHR & RUB R NEIRg R HEER dBASthE b haying
pbieolig héfblo Cigingplayen yvitheut @ediiomaltieasiongrild. Thainethedef clatmiam

wherein the anti-r fl%ctivehrp[ater&gl includes a material selected from
regions an the trenlckbegl S mask.

ase . . - -
romium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon

oxynigrides, §ily e Rigksh dURAY AN AN heteal 2 Siligidednere miterial on

compound thereof, and a combination thereof. 11."A phase shift mask, _
e RS hastrahiEhBask radd e ISR AV HotRskin sy fg RS g rises
ubayes thpseaeosition process to deposit a layer of chromium thereon.

9. The method of claim 6 wherein removing the anti-reflective material on
horizontal surfaces only of the trenched phase shift mask and the portions of the light-
blocking layer but not from vertical surfaces thereof further comprises anisotropically etching
the layer of anti-reflective material to remove portions thereof in the central portions of the
trenches and in the central portions of the untrenched substrate regions between the portions

of the light-blocking layer without additional masking.

10. The method of claim 6 wherein the anti-reflective material includes a material
selected from chromium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon
oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.

11. A phase shift mask, comprising:
a trenched phase shift mask having portions of a light-blocking layer thereon;
a layer of anti-reflective material on the trenched phase shift mask and the portions of

the light-blocking layer; and
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a layer of anti-reflective material on the trenched phase shift mask and the
portions of the light-blocking layer; and 13 anti-reflective material on vertical
surfaces of the trenched phase shift mask and of the portions of the
light-blocking layer. 12. The mask of claim 11 wherein the trenched phase
shift mdskeHesing podithen oraifigubisekipighayenehedabastuitie mesnapd s she
opaque chrgm{m@gmgggpbqhgﬁ@qg phase shift mask. 13. The mask
of claim 11 wherein the layer of anti-re lective material on the trenched
phasexshift Maskakdiiiaportionaotihedighidieckingdayer fuitharaeomprisass
apo sited chromium thereon. 14 The mask of claim 1
o A P S B TR R T bencnea
phisasbifhifeskhask and the portions of the light-blocking layer further comprises
a layer of anti-reflective material anisotropically etched to remove portions
therebtin thE a1 P ortidhs df IHE TN e & MR P inAHEEBRTFIFpBATTIY 6 the
trﬁihehéﬂt[ﬂaﬂﬁhﬁdf‘slﬂﬂsl{atﬁirﬂgl(ﬁﬂmcbﬁtweﬁ e potirng: ab {be fightbloakifiges a

1 é/ r. 15. The mas fc aim ]ﬁ& whereln the anti-reflective material includes a
a% rof v por E(t‘) 3 ium
aterial’ Selelted from ¢ romlum molybdenum aluminum, aluminum oxide,

gold, ﬁl“CO”T§é|'EfaEk BXYRIFAaSwRMEGH (CKR]- LYEIR I ABRIQY M@Qfsﬁfaces

silicide thereof, a compound thereof, and a combination thereof. 16. A
ohtlsritsascrabticahib e Phab RO LRI B RTBHRIg i b el A Sarepifies
a m@sk brawirig-grasdtorRsmefteriig hirklosiingllayec i te asriokn @drtys prewdig ahe

tltrglrtlls l'lgr() E‘S%{bstﬁat R?ﬁltln a Ig@l% bIOC H:l%lal}{ CHOII'IGH]S.UbS ate regions
flansparent substrate; forming & nrstmas fight-blGeking ayerﬁ)
b@h&tﬂnghﬂmotrghﬁl@ﬁ)@klhgh&mﬂemm the Ilght blocking layer not masked

by the first mask to form the portions of the light-blocking layer; removmg the

first nhsk; FORGMER Yetaitt hhadesinafreatt Filthe BriaafdpltHsh SRl
sdedistratemastidheulig hinblpeddngniayamiarueichinghpamiansdef tedighticon, silicon

oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.

16. A method for fabricating a phase shift mask, comprising:
a trenched phase shift mask having portions of a light-blocking layer thereon formed
by:
providing a light-transparent substrate;
depositing a light-blocking layer on the light-transparent substrate;
forming a first mask on the light-blocking layer for etching the light-blocking
layer;
etching the light-blocking layer not masked by the first mask to form the
portions of the light-blocking layer;
removing the first mask;
forming a second mask on at least portions of the light-transparent substrate
and the light-blocking layer for etching portions of the light-
transparent substrate;
etching the light-transparent substrate not protected by the second mask to

form trenches in the light-transparent substrate; and
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transparent substrate; etching the light-transparent substrate not protected by
the second mask to form trenches in the light-transparent substrate; and 14
removing the second mask; a layer of anti-reflective material on the trenched
phase shift mask and the portions of the light-blocking layer; and
anti-reflectivensiegidicsacpadtivasisurfaces only of the trenched phase shift
mask,andk o i ROTIONS 9f4as ighloskiogk lpyelsbyhinahak hRiaRNBkions of
surfaces thereof. 17. The mask of claim 16 wherein the trenched phase shift
mask havin*pSFGRY S IIEEBLKing layer thereon further comprises
opaqustichftstiseniggitn S Retfiealranches oplyasatshift maskpiBe Thie maskand
of claim 16 rein the layer of antj-reflective material on the trench
ohase it ol AREGHS ork L Tt Sckrs Rt MFLEAEE sutace
a layer of véptaetieposited chromium thereon. 19. The mask of claim 16
wherein the anti-reflective material on vertical surfaces only of the trenched
phaséshift HSsRAKS & R AbRESFthEfdireierRIapdt Bithrghe portions
ohotigbntddSuntaesriivereaf furtieconpidsepaalayarohiantirgibacivaivateiatd
nis%&picalgy etched to remove portions thereof in the central portions of

P& trénches and in the central portions of the untrenched substrate regions

betwggn therportions &f thediohs-RIRskinarayes e Wihaut adaitigRalmRskKiNGs the

20. The mask of claim 16 wherein the anti-reflective material includesa
RrsheHAN LI SRIE P RArS R BOR A AisH; R HRsul & G rP BRI
lagetdf siligandepiticasn dxymiliidessrsiver, nickel, tungsten, an alloy thereof, a

silicide thereof, a compound thereof, and a combination thereof. 15

19. The mask of claim 16 wherein the anti-reflective material on vertical surfaces

only of the trenched phase shift mask and the portions of the light-blocking layer but not on
horizontal surfaces thereof further comprises a layer of anti-reflective material anisotropically
etched to remove portions thereof in the central portions of the trenches and in the central
portions of the untrenched substrate regions between the portions of the light-blocking layer

without additional masking.

20. The mask of claim 16 wherein the anti-reflective material includes a material
selected from chromium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon
oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.
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