1 8 JAN 2005 ALTERNATI NG PHASE SHI FT MASK AND METHOD FOR FABRI CATI NG THE
ALl GNVENT MONI TOR BACKGROUND OF THE | NVENTION (1) Field of the I@vw Ir@ﬂ

The invention relates to a process for fabricating a photonasd, a %
particularly, to a process for fabricating an alternating phase-shifting

mask and ' n nitor. (2) Description of the Prior Art As
photolitﬁﬁgkggggﬁggvgﬁéé §§Ig?3§A§#c s MEZH@DH ECBWF ARBNCABENBOTEEI es are-
required to increase resoluti he | ing lens. One new technology is
the wuse of alternating phaséigﬁﬁﬁgﬁhgﬁﬁhgﬁgﬁasks. Phase shift nasks take
advantage of the interference effect in a coherent or partially coherent

i mgi ng systemto reduce the spatial frequency of a given object, to
enhance i ts edge contrast gaekcrBOND oft Tht RRAYENRIEN 0 control locally the
type of interference, destructive or constructive, at critical |ocations
In a design by adding an additional patterned |ayer of transmtting

material on the mask. This technique results in a conbination of higher

resol uti §a,) Faeddr o€xpheulavenatiohude, and | arger depth-of-focus. In phase
shift 1

The invention relates to a process for
fabricating a photomask, and more particularly, to a process
for fabricating an alternating phase-shifting mask and

alignment monitor.

(2) Description of the Prior Art

As photolithography advancés to 0.35 microns
and below, new technologies are required to increase
resolution of the imaging lens. One new technology is the
use of alternating phase-shifting photomasks. Phase shift
masks take advantage of the interference effect in a coherent
or partially coherent imaging system to reduce the spatial
frequency of a given object, to enhance its edge contrast, or
both. It is possible to control locally the type of
interference, destructive or constructive, at critical
locations in a design by adding an additional patterned layer
af transmitting material on the mask. This technique results
in a combination of higher resolution, larger exposure

latitude, and larger depth-of-focus. In phase shift



1 8 JAN 2005 lithography, a transparent coating is placed over

transparent area. The |ight waves passing through the coated % ﬁﬂ%ggﬁé
del ayed 180 out of phase with the Iight waves passing through th d
region. At the edge of a phase- shifted area, the |light waves fromthe

phase- shlitﬁggaaﬂhyplsafraﬁsﬁér&h£|c8§9§§& Put o PLAdHCLYg, 3, mor e shar ply

defined interface. The primary mask pattern consrs a patterned opaque

naterlaItranspaﬁsnﬁhaﬁﬁhun]Tﬁuelighﬁgwaveérﬁ&§§§ﬁ§“£h§89§ﬁr@ﬁ@ cSHE043S
quartz. The phase-shifting pattern is formed by etching grooves Into the

transpareaglonaaeeléélayeﬁhbaeﬂgeatoéftb&aggaﬁgehpahéemmggf Ryveyerlaying
a patterned transparent material over the opaque pattern. It is essential
t hat thePapague phrewah tihe theoghedersbibni nght pahéecagbeosl Agpradsto each
other. Thus, an alignment nonitor is also fabricated as part of the
‘phase- sh??%fﬁ@dnﬁ§ﬂa nthﬁrﬂbghFoWG%?Erﬁ¥ﬁ@ thetbhageskhhftedeendf abri cat ed
with pro | Patent 5, 756,235 to Kimdiscloses a

phase- shF???ﬁgaﬁggﬁ Hé&%nﬁa%ﬁe | PYRRRPINGRRF oR . "THR ShRFBhWeRehBRftor is
formed i D p.5p3Rg between dense patterns of the mask. Fig. 1A illustrates
in top view Kimi's APSM and alignnment nonitor. Fig. IB illustrates cross

The primary mask pattern consists of a
patterned opaque material, such as chromium, overlying a
transparent substrate, such as quartz. The phase-shiftihg
pattern is formed by etching grooves into the transparent
material at ﬁhé edges of the opaque pattern or by overlaying
a patterned transparent material over the opaque pattern. It
is essential that the opaque pattern and the phase-shifting
pattern be aligned to each other. Thus, an alignment monitor
is also fabricated as part of the phase-shifting mask in
order to determine if the mask has been fabricated with

proper alignment.

U.S. Patent 5,756,235 to Kim discloses a
phase-~shifting mask having an alignment monitor. The
alignment monitor is formed in a space between dense
patterns of the mask. Fig. 1A illustrates in top view Kim's

APSM and alignment monitor. Fig. 1B illustrates cross-



been fornmed on the transparent substrate 10. The patterned phqsi-ﬂﬂqgmhﬂg
material 14 overlies the chronme pattern. The phase-shifting patter
t he space between the chrone patternis Kinms alignnent nonitor. Kims

al | gniTe Rl ERRIEAL +3GANMQL BRrdBY SIRN! 4G 0N Nle Sl CoImNn, LyRe of, PSM

which is fornmed by etching grooves I'nto the transparen e t he
edges obelelne foRaRdE oRAHIRS Rr AsTRrdtt REPYHIHa Al MaRf, FIM jt is
difficult to tell in which direction the m salignnment occdrs. etd'q.{?gr pat ents
di scl os@hasri-ais. £ iney mettierd alphas el fild ¢ e T onad g@idagds, ofrral i gni ng
the masks in steppers. U S. Patent 5,897,979 to Tzu et al describes a

APSM hapinag exishjrftdmg martkerro 14 iign thestepamey bdtwSerPatentchrmn@04, 059 to

lmura et al shows an APSM_U.S. Patent 5,780,188 to Rol son teaches a

met hod FREEER difd Kigp &aal igomentt aosritenms KigHs eriignoest Rardritor

5,786,116 to R%'fson di scl oses fabrication of an ATOM mask usLnglaIignnent
U

marks (STHYPS FERHEIRTE Rk iR (ST SRNaTe tyRe iofg PSAt edYiER U S,

Pat ent §, §%§Et . |._di scl.os farned _a sk _havi.n

rei nf or?gg% i gnrré)?ﬁ nar ng% ?rbogwtfgée $ g“-l%}eg%rafnhsé)asﬁegn%pénrapcenaq' at
the edges of the opaque pattern. Also, using Kim's alignment

monitor it is difficult to tell in which direction the

misalignment occurs.

Other patents disclose various alternating
phase—shiftiﬁg masks and methods of aligning the masks in
éteppers. U.S. Patent 5,897,979 to Tzu et al describes a
APSM having alignment marks to align a stepper. U.S. Patent
5,604,059 to Imura et al shows an APSM. U.S. Patent
5,780,188 to Rolson teaches a method of step and repeat
exposure of a mask pattern. U.S. Patent 5,786,116 to Rolfson
discloses fabrication of an ATOM mask using alignment marks
to align the primary mask pattern and the grating patterm.
U.S. Patent 5,538,819 to DeMarco et al discloses formed a
mask having reinforced alignment marks .to be used to align

the stepper.



3 1 8 JAN 2005 SUMVARY OF THE | NVENTI ON Accordingly, it is a principal
object of the present invention to provide an effective neansfpr

determ ning m salignment between the phase-shifter and the opidﬁéﬁﬂuumgn
in the fabrication of an alternating phase- shifting nask. Another object

of the invention is to psomisiRy 8rPeAReSFVEREIHADI cating an alternating
phase-shifting photomask having an alignnment nonitor. Yet another object

of the present invention is to provide a process for fabricating an

al ternating phase- shifting photomask having an alignment nonitor wherein
the alignnment nonitor cAncdeténglpe itsaki gnpenhchpaleenjbhe of the
phase-shifter and the opaque pattern of the alternating phase-shifting
mask. Yet PERBEREr ipBprELOBf tohprprédenani aféattivei seahs Poovi de a process
for fabri&g%ing_an alternating phase- shifting photonmask having an

al i gnnent “fbRFTIPIRAPEFALLABNERE; BREWAC NERPt BRasansBbEReRi ardntbal i gnment

opaque patPEiiCoPAERe ) T KAR) ROCERASELCH: PEi AD RACRERAELLG Dhase-

shifting mask.

Another object of the invention is to provide
a process for fabricating an altermating phase-shifting

photomask having an alignment monitor.

Yet another object of the present invention is
to provide a process for fabricating an alternating phase-
shifting photomask having an alignment monitor wherein the
alignment monitor can determine misalignment between the
phésenshifter and the cpague pattefn 0f the alternating

phase~shifting mask.

Yet another object of the present invention is
to provide a process for fabricating an alternating phase-
shifting photomask haﬁing an alignment monitor wherein the
alignment monitor can determine misalignment and the
direction of misalignment between the phase-shifter and the

opaque pattern of the alternating phase-shifting mask.



1 8 JAN 2005 In accordance with the objects of this invention a new

. process for fabricating an alternating phase- shifting photonajk h 'q& gn
alignnment nonitor is achieved. An opaque |ayer is provided ov r%yﬁﬂg 0
substrate. The opaque |layer is patterned to provide a mask pattern. A

phase-shifting patternthsatessBanes LRensuhat batg-pheLei P, Portion of the
phase-shifting pattern conprises an alignnment fonitor whereby alignnment

bet weeninwenkaor pateer prandsshéorpbabeightlihnanpat tatHatdngbgnhested.
BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawi ngs formng a
mat er i aFRpafingf phptemaskchapingnant bdigninenshmwnitbrgislAcscheratically
illustrates in top view an alternating phase-shifting mask with alignment
nDnitorABfOPFﬁEepEPB?raFF.PFPg}dEQ svhchkuingakl yubbtusteat eShien cross-

sectiongl re%rgsentation view 1-1 of the alternating phase- shifting mask
with al PERTERt “A8AFt OF BPETBRBOHr FBr PEPYidRoAn™apk PR§teIA. 5A1 8 JAN 2005

Fi gs. Z?hggg_g : $¢h b LLI e in_top_view a preferred enbodi nent
of “an a ternat?ﬁg pﬁggg_E@ELX EE 98&&% on the suhs%&atg wherein a
portion of the phase-shifting pattern comprises an alignment
monitor whereby alignment between the mask pattern and the

phase-shifting pattern can be tested.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Fig. 1A schematically illustrates in top view
an alternating phase-shifting mask with alignment monitor of

the prior art.

Fig. 1B schematically illustrates in cross-
sectional representation view 1-1 of the alternating phase-
shifting mask with alignment monitor of the prior art shown

in Fig. 1A.



shifting mask with alignnment nonitor of the present invention. Figs. 3A
and 3B schematically illustrate in cross-sectional representat‘iﬁwﬁi
preferred enbodi nent of the alternating phase-shifting mask w't JHW%nt
nonitor of the present invention. Figs. 4A and 4B schematically illustrate
in cross-sectional refigsentat sk RBe spihetiatd@an 1ve9i13spakicar Ay Made by
the alignnment nonitor of the present invention show ng no msalignnent.

Fi gs. S5AROBNY1SH gcheedercsld pmbodisendt efi rn aldesnsddniqopalasespr esent ation
the print-down resist pattern nmnade by the alignnment nonitor of the present
i nvent i SRL1ELADG Agsh withgsddanmest monditgm offitde pAsemd 6B schematical |y
illustrate in, cross-sectional representation the print-down resist pattern
made by ‘Y& PHnnent nonitor of the present invention showing

m salignment to the left. 6 1 0 JAN 2005 Figs. 7 and 8 schematically
illustrate in top view a preferred enbodi nent of a test structure that can

det erm ne misalignment didt heyaX 0f; ¥gdi 1-.QNn. CRLRTI THE
PREFERRED EVBOD! NENTS i%d a ééﬂaﬂé¥1cég%§ AT
cross-sectional representation a preferred embodiment of the

alternating phase-shifting mask with alignment monitor of the

present invention.

Figs. 4A and 4B schematically illustrate in
cross-sectional representation the print-down resist pattern
made by the alignment monitor of the present invention

showing no misalignment.

Figs. 5A and 5B schematically illustrate in
cross-sectional representation the print-down resist pattern
made by the alignment monitor of the present invention

showing misalignment to the right.

Figs. 6A and 6B schematically illustrate in
cross~sectional representation the print-down resist pattern
made by the alignment monitor of the present invention

showing misalignment to the left.



The present invention provides a neans for capturing m salignnment between

the phase shifter and the opaque pattern of an alternating ph?%ﬁ:ﬁﬂLfbgﬂg
mask (APSM. It can be used to determ ne m salignnment for any‘shi 2 d

chrome, for exanple. The alignment nonitor of the present invention can
al so determ ne the di regtl.on ghamhSakhaRgERLa1RG! 01110 00W Lg Ebg. 2A and
i ng

2B, there is shown an illustration in top view of an alféerna phase--
shi fti mgephat pragkrréicenbbdinanhe 3@ hstasguattacphabterndAR -~Qpaque | ayer

has been deposited on the substrate 10 to a preferred thickness of between
about ¢etezmdneomdseligngentons. thkeXopaqWedliagetigay be chrom um
multi-layer chronme based, or nolybdenum silicon based opaque structure.
The opaque layer is patterned to formthe desired nask pattern 12 as shown
in Figs. 2A and 2B and_in_cross-section in Figs. 3A and 3B. The substrate
10 i s etched into to PEPGFLEE I1PNe OphIEE- EREFERREDT BHBPPSHENTS1 0 JAN 2005
Alternately, a phase-shifting material, such as G ON, MbSION, or CF, is
coated over the opaque |ayer and patterned to formthe phase-shifting
pattern, not shown. The _alter Y hown in_Figs. 3A and 3B_i s nost
preferred because th??efg%gﬁggtiéﬁv QgﬁﬁPq8§°FgaﬁﬁsF BSARBNFYTused.

capturing misalignment between the phase shifter and the

opaque pattern of an alternating phase-shifting mask (APSM).

It can be used to determine misalignment for any shifter and

chrome, for example. The alignment monitor of the present

invention can also determine the direction of misalignment.

Referring now to Fig. 2A and 2B, there is
shown an illustration in top view of an alternating phase-
shifting photomask. The substrate 10 is a quartz plate. Aan
opagque layer has been deposited on the substrate 10 to a
preferred thickness of between about 100 and 10,000
Angstroms. The opagque layer may be chromium, multi-layer
chrome based, or molybdenum silicon based opaque structure.
The opaque layer is patterned to form the desired mask
pattern 12 as shown in Figs. 2A and 2B and in cross-section
in Figs. 3A and 3B. The substrate 10 is etched into to

provide the phase-shifting functiom.



The present invention-is also suitable for the double exposure type of PSM
and the nulti-phase PSMthat nmake use of different quartz thiﬁﬁge i bf
control phase shift. Figs. 3A and 3B show two alternative nask e@ﬁg 0
patterns. They can be either in the X or the Y direction. The print-down

resist patterns shown iafd+Gr8%+ad S5A, d 6A coul d be the result of mask
pattern 3A. The print-down re?i?? Sa?PS%%ESSI§ nﬁhmﬁ&§§}348,syﬁﬁ'and 6B

coul d bast BeONgs oS 10N, Magk cRat,t 85N 3Btell o PLekLe! hat  the alignment
noni tor have at Ieast'four edges and a ceﬁtrglkg%rfﬁggF%Fﬁéyef R

conpl et @atderviedvtol folre taki phesier shigtiad pahewrng Hhe s%bu%nﬁeg%eﬁvnitor
pattern 19 around the four edges and in a <central portion. Fig. I's a
conpl et lteFngitdweoshom inefiigise 33 Bing. 3BBisAhber pherARSMshas been
fabrica%gd, it is. tested to determ ne whether or not the opaque pattern
and the §cf“§eJE%1506§b§H§§§}§HiFF&P“H&@@ BSemogits glomguedy Astedst substrate

30 (sho in_Fias., 4A-6A _and 4B-6B) is coated with a resist 35. The resist
i s expo?@& ggeg PFQHPV§8§P88-ﬁﬁrBE§R fhetaRdr &Pr tthe goubdmt invention,

ei t her [ Fi q. r t.he.mask. i.n Fig. 3B. The exposed resist is
develop%%?ogggélkgﬁg %E %éﬂpand $he multi-p a%e PSM that mgke use of

different quartz thicknesses to control phase shift.

Figs. 32 and 3B show two alternative mask
design patterns. They can be either in the X or the Y
direction. The print-down resist patterns shown in Figs. 43,
SA, and 6A could be the result of mask pattern 3A. The
print-down resist patterns shown in Figs. 4B, 5B, and 6B

could be the result of mask pattern 3B.

It is preferred that the alignment monitor
have at least four edges and a central portion. Fig. 7 is a
complete top view of the reticle in Fig. 3a, showing the
alignment monitor pattern 19 around the four edges and in a

central portion. Fig. 8 is a complete top view of the

reticle in Fig. 3B.

After the APSM has been fabricated, it is

tested to determine whether or not the opagque pattern and the



the print down pattern shown in Figs. 4A and 4B. The narrow portions 37

are fornmed by the alignnent nonitor. The clean pattern of theﬁﬁgmﬁﬂfﬂ%
portions 37 indicate that no msalignnent of the phase-shifte d
opaque pattern has occurred. The print down resist pattern shown in Figs.

5A and sho m.salignnent of. t he phase-shifter tqQ the left with
r espect %%oa%]%\ég}:aﬁtoenée%afﬁ%r%eaﬁq é‘t"ﬁs%gl%b - ncfp eV SHRE TS Y dewal I's,
but has @sduievat lpsdantsl d0 i | ndj ' I I gnment t he
left. Th(gs,pri nt domlln% res% pat er4n}£ s%%{$$%%$%]&f%&%6§‘%ho:{é a
m sal i gryedtr i 416 Phagfosdd L& ra 101 dhe sdibd Wil Jipspaet tdye chrorme.
The pattern 41 does not have verEtli ca sisdewa S, ut&lﬁas ar%alt%ewa I
sl ant ed tige thwesdref tinveh €odn N0e I 5 | GETBRMs Kk Oid @i g ] 0K .o NeipaGiaGf the
two m sal i gnment exanples shown, only one of the narrow patterns has a
sl anted n IF03 JANB 200 | ebepaddd dds Bst sislubetoldded) ipddulties fior ence from
close proximty of the phase-shifting edge to the chrone structure. That
is the reagarrintidovrcrathesn tohdravein hdigs i ghemd 4Bni tThe stammdwir e bot h
at the four edges and in the center. Using the alignnment nonitor of the ’
present portions 37 are formed by the alignment monitor. The clean

pattern of these narrow portions 37 indicate that no

misalignment of the phase-shifter and the opaque pattern has

occurred.

The print down resist pattern shown in Figs.
S5A and 5B shows a misalignment of the phase-shifter to the
left with respect to the chrome. The pattern 39 does not
have vertical sidewalls, but has a sidewall slanted to the

right indicating misalignment to the left.

The print down resist pattern shown in Figs.
6A and 6B shows a misalignment of the phasé*shifter to the
right with respect to the chrome. The pattern 41 does not
have vertical sidewalls, but has a sidewall slanted to the

left indicating misalignment to the right.

In each of the two misalignment examples

shown, only one of the narrow patterns has a slanted

R



invention, it is very obvious to observe the msalignnent direction. A
surface scanning electron mcroscope (SFM reading wll be aIH %hﬂgqia
necessary to see the msalignnment direction. The print down pat't'er 3 &%ﬂ
in Figs. 5 and 6 are caused by light interference which results in the

changes .i r esd profple 41. . The |ight interference is due to
t he clos%i%?%ﬁ?%ftyt§§stgg %%gqgé gﬁ%u%%%?ﬁ éﬂgegﬁﬁreﬁﬁ%sgggﬁi?%%?eedge.

Certain ﬁ&ﬁii@ﬁﬁyoéft@ﬁepﬁﬁééésgﬁifﬁgnglég?% %% QQ Qﬁggmgnoﬁgg?%gr%tanted

magni tude nor in the degree of phase Shi ere%ore caus

profil e Thathes tkeuréas@nreti 56 RetéesaryThe dhslapcs L {ghoun.in Figs. 3A
and 3B) between the phase-shifter edge and the opaque edge  shoul d be about

1/ 2 the mewetengshrottuhe boght asotheefodhee@ios essdofnt Hige PEESLEE |

i nvention provides a neans for determ ning m salignment of the
phase-shifter and the opaque pattern in any alternating phase-shifting
mask. 10 1 8 JAN 2005 . An alignnment nonitor is fabricated of phase-shifting
material on the APSM wH8iegnthfcaliignment monitoheofdyke oprésental i gnnent
nonitor to the adjacen{ opaque gattern is around 1/2 the wavel ength of the
li ght sotREERELOBe tkedS YErYhePviPRgnkentbasnve okhe hoisabigmmenerti cal

print do&m r esi st .
irection. A surface scanning electron microscope (SEM)

reading will be all that is necessary to see the misalignment

direction.

- The print down patterns shown in Figs. 5 and 6
are caused by light interference which results in the changes
in the resist profile 39 and 41. The light interference is
due to the close proximity of the opagque structure and the
phase-shifter edge. Certain portions of the phase-shifted
light is not high enough in magnitude nor in the degree of
phase shift, therefore causing the slanted profile of the
resulting resist pattern. The distance D (shown in Figs. 3Aa
and 3B) between the phase-shifter edge and the opaque edge

should be about 1/2 the wavelength of the light source.

The process of the present invention provides
a means for determining misalignment of the phase-shifter and

the opaque pattern in any alternating phase-shifting mask.

10



pattern, m salignnment has occurred. Wile the invention has been
particularly shown and described with reference to the preferrﬁf

enbodi ments thereof, it will be understood by those skilled i rl h"eb‘lgrw%

t hat various changes in formand details may be nmade w thout departing
fromthe spirit and scope of the invention. Wiat is clained is: 11 1 0 JAN
2005 1. Te aidneent Nemwitemtisglabr idatedaf mhadmsshi Sthidd ingrawmiskl
having an al i gnnent nonitor conprising: providing an opaque |ayer overlying
a subst r %t AR Wherein dChp firtanserizen i iefiga omsthe pattern; and
thereafter‘IOTninﬂdg .hase-shifti;¥% attern on said substrate wherein a

portion ott:FREEY ALERF 1 TR gthe FPRLMPIEHR BRIy e AT t or

wh b i t _b . d_nmask, patt d id ph -shifti

pttorn ot pEEE ey el dRetn ook PoRE M BB L B ER g R B i T e
be d ] T, I { rmJa i id

cubstr ar &t ELTuBERs dondtfy "BAARE, 2GRl Ical AIG BHAEARC o1 sai

opaqueé  pattern, misalignment has occurred.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:

11



| ayer conprises one of the group containing chrom um and

nol ybdenuni silicon. 4. The nethod according to Caiml mherein13ﬂi@A@;ﬁE of
form ng said phase-shifting pattern conprises: etching grooves 'int i
substrate wherein said grooves form said phase-shifting pattern. 5. The
met hod according to aim1l wherein said step of formng said
phase-shifting pattern conprises: 12 1 8 JAN 2005 depositing a -
phase-shifting material overlying patterned said opaque |ayer and said
substrate; and patterning said phase-shifting material to form said
phase-shifting pattern. 6. The nethod according to Claim1l wherein a

di stance between an edge of said alignnent nonitor and an adjacent
portion o ido ue pattern is.,about 1/2 the . wavel ength of a |ight

Pour ce 't of be s dt i th BaraBraprE RR: Fho? DR SHIS G Samok . 7 The. et hod
accor di ngsHorfdraj MakWWhereng sai 81ighh@reién el meahnsaisd ngask pattern and
sai d phase- shifting pattern is tested by the follow ng steps: coating a

t est substrat W% %Qgré§i§Paﬁé9ei?yeéx?%@ﬁ¥¥fﬁﬁﬂ%j%ﬂ?éiﬂﬁt@dyer to a light

source patterning said opaque layer to provide a mask
pattern; and
thereafter forming a phase-shifting pattern on said
substrate wherein a portion of said phase-shifting -
pattern comprises an alignment monitor whereby alignment
between sald mask pattern and said phase-shifting
pattern can be observed wvisually and wherein

the direction of misalignment can be determined.

2. The method according to Claim 1 wherein said

substrate comprises quartz.

3. The method according to Claim 1 wherein said opaque
layer comprises one of the group containing chromium and

molybdenun/silicon.

4. The method according to Claim 1 wherein said step of
forming said phase-shifting pattern comprises:
etching grooves into said substrate wherein said

grooves form said phase-shifting pattern.

5. The method according to Claim 1 wherein said step of

forming said phase-shifting pattern comprises:

12



t hrough said alternating phase-shifting mask having said alignnment

noni tor; devel opi ng away exposed said resist |ayer; and visual,l nﬂﬂi?{ﬁéng
remai ni ng patterned said resist |ayer corresponding to said aﬂi% t20
nonitor wherein vertical sidewalls on said patterned resist |ayer

i ndi cate no m salignnment and wherein non-vertical sidewalls on said
patterned resist layer indicate msalignnment between said nmask pattern and
sai d phase- shifting pattern. 13 1 0 JAN 2005 8. The method according to
Claim7 wherein the direction of slant of said non-vertical sidewalls on
said patterned resist layer indicate the direction of msalignnment between
said mask pattern and said phase- shifting pattern. 9. The nethod of
fabricating an, alternating phase-_ . _ shiftin sk havi ng an al i gnnent

moni t or conpri%ﬁﬁﬂilﬁﬁ@@v?dpﬁésﬁﬁsgﬁgﬁhﬁgI@S&ari%hﬂQ%ﬁ?ﬁ? Ysubstrat e;

patt er ni ngxSied kheRPIAUR lopehiet QaPEOVEAE fal@SkubPRtdiy;N.angdnd thereafter
form ng a phase-shifting pattern on said substrate wherein a portion of

sai d phase-sfﬂﬁ%ﬁqﬁfnlng said phase-shifting material to form

said phase-shifting pattern.

6. The method according to Claim 1 wherein a distance
between an edge of said alignment monitor and an
adjacent portion of said opaque pattern is about 1/2 the
wavelength of a light source to be used with said

alternating phase-shifting mask.

7. The method according to Claim 1 wherein said
alignment between said mask pattern and said phase-
shifting pattern is tested by the following steps:
coating a test substrate with a resist layer:
exposing said resist layer to a light souxce
through said alternating phase-shifting mask having said
alignment monitor;
developing away exposed said resist layer; and
visually observing remaining patterned said resist
layer corresponding to said alignment monitor wherxein
vertical sidewalls on said patterned resist layer
indicate no misalignment and wherein non-vertical
sidewalls on said patterned resist layer indicate
misalignment between said mask pattern and sald phase-

shifting pattern.

13



pattern conprises an alignnment nonitor whereby alignnment between said nmask
pattern and said phase-shifting pattern can be observed visuallgaﬂgf
wherein the direction of msalignnent can be determ ned mhereiA Jﬂ&hce
bet ween an edge of said alignnent nonitor and an adjacent portion of said
opaque pattern is about 1/2 the wavelength of a |ight source to be used
with said alternating phase-shifting mask. 10. The nethod according to
Claim9 wherein said substrate conprises quartz. 14 1 0 JAN 2005 11. The
met hod according to Caim9 wherein said opaque |ayer conprises one of the
group contai ning chrom um and nol ybdenunisilicon. 12. The nethod accordi ng
to daim9 wherein said step of formng said phase-shifting pattern

conpri ses; chin rooves intao said.substrate wherein said grooves form
sai d phasg: R trﬁlegcg}%pggt ) %?hglﬁé?hréd‘g%%ﬁ%Jrlﬁi Fto O aim9 wherein
sai d stepdbtectsrndy Saint plfaseishnbhiagrpatieriidomrisesi depositing a
phase-shifting nmaterial overlyin patterned sai d opaque | ayer and said
substrat 32 %gpatptaeflfrbﬁdnirﬁ(j@éi &agﬁasépgiﬁi:f”f? ngFed Brs A1 For m

misalignment between said mask pattern and said phase-

shifting pattern.

9. The method of fabricating an alternating phase- -
shifting mask having an alignment monitor comprising:

providing an opaque layer overlying a substrate;

patterning said opague layer to provide a mask
pattern; and

thereafter forming a phase-shifting pattern on said
substrate wherein a portion of said phase-shifting
pattern comprises an alignment monitor whereby alignment
between said mask pattern and said phase-shifting
pattern can be observed visually and wherein
the direction of misalignment can be determined wherein
a distance between an edge of said alignment monitor and
an adjacent portion ¢f said opaque pattern is about 1/2
the wavelength of a light source to ke used with said

alternating phase-shifting mask.

10. The method according to Claim ‘9 wherein said

substrate comprises quartz.

14



sai d phase-shifting pattern. 14. The nethod according to Claim9 wherein .
said alignnent between said mask pattern and sai d phase shiftHn§ ﬂﬂi;ﬁbg
is tested by the following steps: coating a test substrate w t'h"a

| ayer; exposing said resist layer to a light source through said

al ternating phase-shifting mask having said alignnment nonitor; devel oping
away exposed said resist layer; and visually observing remaining patterned
said resist 15 1 8 JAN 2005 | ayer corresponding to said alignment nonitor
wherein vertical sidewalls on said patterned resist |layer indicate no

m sal i gnment and wherein non-vertical sidewalls on said patterned resist

| ayer indicate msalignnent between said nask pattern and said phase-
shifting pattern. . The method according . to Caim14 wherein the

directi onf]gf eaﬁ‘fellg}wsé’ic&oﬁgﬁ?\‘?egf’i gilf“l@i AeRF TS b2 1$hiP % er ned resi st
llayer indigpde ddigrdigerctonen of thel gabugneenta beiveeshsaidasly pattern and

sai d phase-_shifting pattern. 16. An alternating phase-shifting mask having
molybdenum/silicon.

12. The method according to Claim 9 wherein said step of
forming said phase-shifting pattern comprises:
- etching grooves into said substrate wherein said

grooves form said phase-shifting pattern.

13. The method according to Claim 9 wherein said step of

forming said phase-shifting pattern comprises:
depositing a phase-shifting material overlying

patterned said opague layer and said substrate; and
.patterning said phase-shifting material to form

sald phase-shifting pattern.

14. The method according to Claim 9 wherein said
alignment between said mask pattern and said phase-
shifting pattern is tested by the following steps:
coating a test substrate with a resist layer:
exposing said resist layer to a light socurce
through said alternating phase-shifting mask having said
alignment monitor;
developing away exposed said resist layer; and

visually observing remaining patterned said resist

15



an alignnent nonitor conprising: a patterned opaque |ayer overlying a
substrate formng a mask pattern; and a phase-shifting patter gn@iﬂ
substrate wherein a portion of said phase-shifting pattern coﬂp i Ao
al i gnnment nonitor whereby alignment between said nmask pattern and said
phase-shifting pattern can be observed visually and wherein the direction
of msalignnment can be determ ned wherein a di stance between an edge of
said alignnent nonitor and an adjacent portion of said pattern opaque

| ayer is about 1/2 the wavelength of a light source to be used with said
alternating phase-shifting mask. 16 1 8 JAN 2005 17. The mask according to
Claim16 wherein said ali gnrrent noni t or has a pattern around four edges
and in acentra ]{)ortl%n oft E t sk aj}cordlngto Claim16
wherein st SUHSGTRHE ! Ps?? ud f%nﬁﬁa V\])H%l? FH SAIT opaque | ayer
conpri Sesv@flt&l_(ﬁfl thielegfadUs oontaini pgrebrastumeansk Imfeddenunt silicon. 19.
The mask accordl nqﬁto Claim 16 wherein said phase- shjifting pattern

conpri ses %ﬁb éﬁéﬁlﬁﬁpﬁe§§|6nd wherein non-vertical

sidewalls on said patterned resist layer indicate
misalignment between said mask pattern and said phase-
shifting pattern.

15. The method according to Claim 14 wherein the
direction of slant of said non-vertical sidewalls on
said patterned resist layer indicate the direction of
misalignment between said mask pattern and said phase-

shifting pattern.

16. An alternating phase-shifting mask having
an alignment monitor comprising:

a patterned opaque layer overlying a substrate

forming a mask pattern; and

a phase-shifting pattern on said substrate wherein
a portion of said phase-shifting pattern comprises an
alignment monitor whereby alignment between said mask
pattern and said phase-shifting pattern can be
observed visually and wherein the direction of
misaiignment can be determined wherein a distance
between an edge of said alignment monitor and an
adjacent portion of said pattern opaque layer is about
1/2 the wavelength of a light source to be used with

said alternating phase-shifting mask.

16



substrate. 20. The nmask according to Claim16 wherein said alignnent

bet ween said nask pattern and said phase- shifting pattern is Hegtﬁgg%m ghe
foll owi ng steps: coating a test substrate with a resist |ayer; X i Q
said resist layer to a light source through said alternating
phase-shifting mask having said alignnent nonitor; devel opi ng away exposed
said resist layer; and visually observing remaining patterned said resist

| ayer corresponding to said alignnent nonitor wherein vertical sidewalls
on said patterned resist layer indicate no msalignnent and wherein
non-vertical sidewalls on said patterned resist |ayer indicate

m sal i gnnment between said mask pattern and said phase 17 1 8 JAN 2005

shifting tt rei he directi t.of ., said non-vertica
sidemalIngh'§%$dﬁ%g&?%§ﬁggqpés?8tbigg%eggiﬁ%?égﬁg Eﬁ%jdirection of

m sal i gnnehtgroetivieeronitaird heesk pattern andusdi foyphaseseshiddd g pattern.
21. A nmethod of testi al i gnnment, between a nmask pattern and a
phase-shi?t??ﬂfﬁﬁﬁt&ﬂﬁgi? 8%r§PF8I@aégﬁprising: fabricating an alternating
phase-shifting mask

18. The mask according to Claim 16 wherein said
substrate comprises quartz and wherein said opagque
layer comprises one of the group containing chromium and

molybdenum/silicon.

19. The mask according to Claim 16 wherein said phase-
shifting pattern comprises grooves etched into said

substrate.

20. The mask according to Claim 16 wherein said
alignment between said mask pattern and said phase-
shifting pattern is tested by the following steps:
coating a test substrate with a resist layer:;
exposing said resist layer to a light source
through said alternating phase-shifting mask having said
alignment monitor;
developing away exposed said resist layer:; and
visually observing remaining patterned said resist
layer corresponding to said élignment monitor wherein
vertical sidewalls on said patterned resist layer
indicate no misalignment and wherein non-vertical
sidewalls on sald patterned resist layer indicate

misalignment between said mask pattern and said phase-
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havi ng an alignnment nonitor conprising: providing an opaque |ayer overlying

a substrate; patterning said opaque |ayer to provide a nask t ef.n; d
thereafter form ng a phase-shifting pattern on said substrateqaﬁeﬁgﬂﬂui?

portion of said phase-shifting pattern conprises an alignnment nonitor;
coating a test substrate with a resist |layer; exposing said resist |ayer
to a |light source through said alternating phase-shifting nmask having said
al i gnnent nonitor; devel opi ng away exposed said resist layer; and visually
observing renmai ning patterned said resist |ayer corresponding to said
alignment nonitor wherein vertical sidewalls on said patterned resist

| ayer indicate no m salignnent and wherein non-vertical 18 1 0 JAN 2005

sidewal I s_on_sai d tterned resist.layer iindicate i salign t between
sai 0 maskS At LAl B 41 ¢ ShALET 4RI FETng-PRT T ETh. o225 - 2Fe Ghet hod
accor di ngs& od Ghen+wetlt iwhdr elidesaldssbapsaddl pastuatiad alissrad ng remai ni ng
patterned, said resj st . . . :

layer indicate the direction of misalignment between

sald mask pattern and said phase-shifting pattern.

21. A method of testing alignment between a mask pattern
and a phase-shifting pattern on a reticle comprising:

fabricating an alternating phase-shifting mask
having an alignment monitor comprising:

providing an opague layer overlying a
substrate;

patterning said opaque layer to provide a mask
pattern; and

thereafter forming a phase-shifting pattern on
sald substrate wherein a portion of said phase-shifting
pattern comprises an alignment monitor;

coéting a test substrate with a resist layer;

exposing said resist layer to a light source
through said alternating phase-shifting mask having said
alignment monitor;

developing away exposed said resist layer; and

visually observing remaining patterned said resist
layer corresponding to said alignment monitor whereiﬁ
vertical sidewalls on said patterned resist layer

indicate no misalignment and wherein non-vertical
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| ayer conprises a scanning electron mcroscope reading. 23. The net hod
according to Claim2l1 wherein said substrate conprises quartzdarguﬂ@%h&%n

sai d opaque | ayer conprises one of the group containing chrom

nmol ybdenuni si i con.

24. The nethod according to Caim21 wherein said
phase- shifting pattern conprises grooves etched into said
The met hod according to Caim 21 wherein said the

substrate.
direction of slant of

25.

said non-vertical sidewalls on said patterned resist |ayer indicate the

directi on of

m sal i gnment between said nask pattern and sai d phase-

shifting pattern. 19

sidewalls on said patterned resist layer indicate

misalignment between said mask pattern and said phase-

shifting pattern.

22.

The method according to Claim 21 wherein said step

of visually observing remaining patterned said resist

layer comprises a scanning electron microscope reading.

23.

The method according to Claim 21 wherein said

substrate comprises quartz and wherein said opaque

layver comprises one of the group containing chromium and

molybdenum/silicon.

24.

The method accerding to Claim 21 wherein said phase-

shifting pattern comprises grooves etched into said

substrate.

25.

The method according to Claim 21 wherein said the

direction of slant of said non-vertical sidewalls on

said patterned resist layer indicate the directicon of

misalignment between said mask pattern and said phase-

shifting pattern.
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