Angl ed-wedge chrone-face wall for Intensity bal ance of
Al ternating phase Shift mask Background of Invention
1) Field of the Invention This invention relates
generally to structures and nmethod of making circuit
fabrication masks and nore particularly sone

enbodi nents relate to the structures and net hods of
maki ng of phase shifting circuit fabrication mnasks.
2) Description of the Prior Art Inprovenents in

phot ol i t hography have increased the density and
enhanced the perfornmance of sem conductor devices by
shrinking integrated circuits (1Cs). As described by
the Rayleigh criterion, the mnimumcritica

di mensi on (CD) which can be resol ved by a wafer
stepper is directly proportional to the wavel ength of
the illum nation source and inversely proportional to
the nunerical aperture (NA) of the projection |Iens.
However, diffraction tends to degrade the aeria

i mge when the CD becones snaller than the actinic
wangletheblige Eheomeliatie Gy IR ﬁﬁﬁhBEty%aﬁlﬁ:é’\Qﬂﬁthﬁﬁttﬁng phase
of light at which a mask is _used in a wafer stepper
to selectively expose phot¥tfianaskcoated on a
substrate, such as a Silicon wafer. As needed, a
resol uti on enhancenent technique (RET), 1 such as a
phase-shi fting mask (PSND may be used to achieve a

wi der process latit Unlkt £ pary mask t hat
only uses Chrone to 8ﬁF95F"1 2 GW?I ude of |ight

1y Etsldidited invurmitgh a quartz substrate, a PSM further
nodul at es t he phase of

This invention relates generally to structures and method of
making circuit fabrication masks and more particularly some embodiments relate
to the structures and methods of making of phase shifting circuit fabrication

masks.

2} Description of the Prior Art

Improvements in photolithography have increased the density
and enhanced the performance of semiconductor devices by shrinking integrated
circuits (ICs). As described by the Rayleigh criterion, the minimum critical
dimension (CD) which can be resolved by a wafer stepper is directly proportional
to the wavelength of the illumination source 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
wavelength. The actinic wavelength is the wavelength of light at which a mask is
used in a wafer stepper to selectively expose photoresist coated on a substrate,

such as a Silicon wafer. As needed, a resolution enhancement technique (RET),
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light to take advantage of destructive interference to
conpensate for the effects of diffraction. An
alternating PSM (AItPSM is a type of PSMthat is
particularly helpful in inproving contrast when
patterning very small CDs, such as the gate |ength of
a transistor in a device. AItPSMintroduces a phase
shift of 180 degrees between the light transnitted

t hrough adj acent cl ear openings so destructive
interference can force the anplitude between the two

i mges to zero. A phase shift of 180 degrees is

i mpl enented by creating a difference in the optica
path | engths through adjacent openings in an opaque
$ugheas a phebe-abiftiiy owek (RASMyuivay detused tpacbiess am‘rylebprocess

t t the rt Z ubst r
Iléﬁﬁjqu ngj ks ggﬂr{aﬁggﬁa%%{/%qiy USﬁ% rgrpe, q cgf?]q_)trcﬂéﬁe amplltude of
Iksha tiaasmittdd thhﬁugﬁ slquatts substehte Lo PEANTLEOEN ﬂ’&ﬁu@fteé fi: phase of
et ched trepch and cause an j nbal ance in the aerja
light fe takerpgvapiage trychive,plerisrense ogompensgiafoy the effects of

NERGuhde effect may be manifested as a CD error and
a placenent error. The intensity and phase in the
aeri al i mageAofaltematingPSIMrtaltPE) ibaltyreceldP B that usmastlculariy

T R e T X
ibngitblacbfammthBr e de-lrlcelmlg%MAﬁtrocﬁIdéb aghasaPEHiR AL NS0 degrees

dercuts the ed the chrone in both openings tq
relraRadne H@t&@msgl*ﬁﬁaﬁﬁg{@ugmaalaaﬁﬂttq‘%apeamsos&cq!ﬁstwctwe

iftereenct ERePrdd %%Eﬂuﬂ@ %etvpé@ﬁtﬁest\k}?tl eg ed &?EérﬁgA se

a shallow trench in the non-phase-shi openi ng
it ahd 80 ﬂﬁ@r@érﬁ tmp!errwg@ed tmera@asg @ differeope Irol’ne optlcal path

RS 8p ReRgEFF BhihASEon ool REER SR as TEE g0 A
dubtraatied peyceas ey be used to etch a trench into the quartz substrate in
alternate openings. However, incident light may scatter off the sidewalls and
bottom corners of the etched trench and cause an imbalance in the aerial image
that varies as a function of focus. Such a waveguide effect may be manifested as

a CD error and a placement error.

The intensity and phase in the aerial image of an AtPSM may be
balanced in various ways. A selective biasing approach enlarges the CD of the
etched opening relative to the unetched opening to balance the aerial image. An
etchback 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 opening and a shallow trench in the non-phase-shifted opening to

halance the aerial image.

The basic concept of increasing the resolution of a lithographic

image is to modify the optical phase of the mask transmission. In an alternating

2



degree-shifted quartz are enployed to formfeatures
on the wafer. Contrast is increased because the |ight
diffracted into the nomnally dark area wll

interfere destructively with the light diffracted from
the <clear area. The altPSMis the "strongest" PSM
technol ogy and can inprove the resolution of a given
waf er exposure system by approximately 40% The
probl em of aerial image intensity inbal ance through
focus wth altPSM has been wel | -docunented. One known
solution for the intensity inbalance issue is to

rovide undercuts beneath the chrome and to bias
F’S.I\/b.a,lten@tmgtﬁrﬂqs ohehremerand t30 degreemhifiethquaktanenseemployed to

R b S i
fieguoraingllss Hanksareanll xerfarkelstriicivety Wik teslBghtsRtab@d from the
T T O A
@oﬁ)ﬁoﬁgbﬂa@vérﬁ%f@r expOsurd SRR By fagSrd)Jirggﬁ%‘le)zh‘%”{ﬁ

i nproved image bal ance. Bel'ow are 3 exanp
met hods to i npedwebiem)of aetiel tnage ipjensitgémbaldngg through focus

] e r | evapt . .
PRARHP S Ads BlE ol BBCBRRAIL O MR R IRt nggnsiy
imebajhreanisdudis to@nsvide undgrcutehérdtio tMenchrpaicemricio bias (i.e., to

S 581 50: . Kim and US200 0009745A&: Kim- Half tone

gﬂgé edgneh c ABSAG oWPKpERGeFEIS andebiasingimit hge
RitaERInS Bhibhd sk aHg 8RNt cohPibitdado PRE BRATTHE&Fhg issue.
pattern of _sem conductor integrated circuits, |r$cl udes
| i ght - trdrigwiet9 sheyvphame exaninepalthemetheds osed to correct the

%ﬁé@ﬁ&ﬁﬁe&lﬁe %{Hﬁﬁ ?r)é]ﬁﬁ% géft ERIWs tHdthlen P fnbdiBfce for the
PSM (shows below on the left.). The graph on the right shows improved image
balance. Below are 3 examples of methods to improve; 1) undercut, 2) bias and 3)
undercut an bias.

The apparently more relevant technical developments in the

patent literature can be gleaned by considering the following patents.

US6531250: Kim and US20010009745A1: Kim - Half tone
phase shift mask having a stepped aperture - Half-tone phase shift mask used in
forming predetermined pattern of semiconductor integrated circuits, includes light-

transmitting phase shift pattern defining stepped aperture.

US5514500: Ham - Half-tone type phase shift mask and method
for fabricating the same - Mfr. of half-tone type phase shift masks - by forming
phase shift layer on transparent substrate, forming light screen on phase shift
layer, selectively etching light screen and phase shift layer to form pattern. The

chrome pattern has a step.



for fabricating the sane - Mr. of half-tone type
phase shift masks - by form ng phase shift |ayer on
transparent substrate, formng |light screen on phase
shift layer, selectively etching |ight screen and
phase shift layer to formpattern. The chrone pattern
has a step. 3 US5281500: - Cathey, David A ; - Method
of preventing null formation in phase shifted

phot omasks - Preventing zero formation in phase-

di spl acenent photoresi st nmasks - by proving a
transparent substrate with dark features in relief,
and delimting at | east one end of upwardly-projecting
cl ear phase di splacenent features, etc. US5487962: -
Rol fson, J. BISS281500: mﬂaﬁtﬁmDayfdbneIMhocbbﬁa(srevesmg nuil

BRSRARLLAAL FnethhAhBel8L IRl R Bigiion mmppase

Hlapi@_uémlenc ph@br&mgnaisﬂdsseﬁ/ %’van Srsg%rg%g?g gggiﬁlﬂate with dark
ertica red edge 1. -
1V%38i78ﬁ n fﬁﬁl&g @r@rfquﬂm'% @ﬂst?%@?%aﬁqlgPW%ﬂhréypfecting clear

§@é§eeaa§p@eem@ﬁ€féaﬁne§eé& field imge properties -
mage i ntensit mbal ance correction method for phase

shifting rraskUgﬁ‘l@Q@2 dBefisav J. ﬁmﬁtxgri\éghyd of chrooheless phase
f for,pair hift base

S8 Bl PR o BItas e Clffrae B prili i

patkes suitdbdevior e OAD kiybat - eompriding fized SHASS48mMed with

Ts ‘%%l man; - Tr ns(Jn ssion and phase bal ance for

b‘ﬂﬁ%@ Pf"%’ﬁw‘&p 13€. phase- shifting mask with

bal anced trapgyi P " I Wtﬂbe

vertical sidewal I%QO%B%%%\S? whi ¢ nalrpzéirsgtsﬁo raﬁla‘ék%bography

efd zeasdtion baaﬂdmnealafneﬂ@ imagh agepestins t Ip‘m@leonmmty

imbalance correction method for phase shifting mask in e.g. deep UV lithography,
involves computing near-field image for pair of shifters, based on which bias is
determined for phase shifters. — The patent shows undercuts for an alt-psm.
US6458495: - Tsai, Wilman;- Transmission and phase balance
for phase-shifting mask - Phase-shifting mask with balanced transmission and
phase, has trenches with vertical sidewall profiles which are retrograde
US6627359: - Kokubo, Haruo - Phase-shift photomask
manufacturing method and phase-shift photomask - Phase-shift photomask
manufacture for forming resist pattern on wafer, involves wet-etching light
transmission section on substrate to set depth of recesses formed on section to

satisfy specific relationship.

US6410191:- Nistler, John L.- Phase-shift photomask for
patterning high density features. - Phase-shift photomask for patterning high
density features and manufacture. The phase shifting region includes sloped

sidewalls having a slope of less than about 85°.



manuf acturi ng net hod and phase-shift photomask -
Phase-shift photomask manufacture for form ng resist
pattern on wafer, involves wet-etching |ight

transm ssion section on substrate to set depth of
recesses fornmed on section to satisfy specific
relati onshi p. US6410191:- Nistler, John L.-
Phase-shift photonmask for patterning high density
features. - Phase-shift photomask for patterning high
density features and manufacture. The phase shifting
regi on includes sloped sidewalls having a slope of

| ess than about 85. 4 Summary of the Invention The
enbodi nents of the present invention provides a
structure and a nethod of manufacturing a mask which
is characterized as follows. An exanple enbodinent is
a mask conprising: a substrate having a first region
a second regi on and summanyafet@iednyentienthi rd regi on

positi oned between t, region.and t.he se

regi ons; t he%g’\ﬁ’ P%‘ij@eﬁks&éh? |p “éU}VPHﬁ%” p'éﬂ)(' qsg%ﬁructure
aad @%é@ob&yeﬁamﬁwtutih@aﬁm vnich iBRNBRELtEriAddr & follows.
openi ng over the first region and a second openi ng

over the second region; the first opening and the

second openi S@&o‘%@fﬁ@glelyﬁgtﬂ;aqmé [[oX s'k%ﬁ’fpn ewal | s;

the sidewal l ucing layer are sl ant ed
atsubntraieghaving sfirsh segion a skpnderegiantand athingl ragemofhe third

L L op = 550 bR B Aing FAFAUH HAARE Boond
regions; the substrate has a first surface;

an light reducing layer over the substrate having a first opening over the first
region and a second opening over the second region; the first
opening and the second opening having light reducing layer
sidewalls;

the sidewalls of the light reducing layer are slanted at an angle less than 90

degrees with the plane of the top surface of the substrate.

Another example embodiment is a method for forming a mask
comprising:
a) forming an light reducing layer over a substrate;

(1) a substrate having a first region, a second region and a third
region; the third region position between the first region and
the second regions; the substrate has a first surface;

(2) the light reducing layer has a first opening over the first
region and a second opening over the second region; the first
opening and the second opening defined by the light reducing

tayer sidewalls;



conprising: a) formng an light reducing | ayer over a
substrate; (1) a substrate having a first region, a
second region and a third region; the third region
position between the first region and the second
regions; the substrate has a first surface; (2) the
light reducing |ayer has a first opening over the
first region and a second openi ng over the second
region; the first opening and the second openi ng
defined by the light reducing Ilayer sidewalls; 5 (a)
the sidewalls of the |light reducing | ayer have a
sidewall angle with the plane of the top surface of
the substrate; the sidewall angle is about 90
degrees; b) for rﬁaweaswewglds efribgdight redugingrlpyest have a sidewall

regi on; c) etching ng\(irmle e;ﬁ&‘n’{hﬂ%egtg%ghrfééé%% Sibstrate:;

to make the sidewal egree
Addi ti onal exanpl e tbalsalivwatrangleaiseadfout Shafegdsscr i bed

in the al me. as i led and nded during prosecution

and in th%) Q%W?ﬁiﬁﬁ%ab@l tg%ﬁ'r&fﬁ@'ogbove and bel ow

advant ageg) aoing eigd l@ﬁ&e@@n?fay‘éﬁ@?d@&ﬁé‘ﬂb% héke the sidewall angle
enbodi nents only, and are not exhaustive and/or

excl usi ve. THegS thand9,degreased only to assist in
understanding the invention. It should be understood
that they are not representative of all the inventions
defined by the <clains, to be considered limtations

on the inventy AdditioRal g)?am 35 embt}/odr' mentcs areqsl‘ther described in the

claims as filed and amended during prosecution and in the specification below.

The above and below advantages and features are of
representative embodiments only, and are not exhaustive and/or exclusive. They
are presented only to assist in understanding the invention. It should be
understood that they are not representative of all the inventions defined by the
claims, to be considered limitations on the invention as defined by the claims, or
limitations on equivalents to the claims. For instance, some of these advantages
may be mutually contradictory, in that they cannot be simultaneously present in a
single embodiment. Similarly, some advantages are applicable to one aspect of
the invention, and inapplicable to others. Furthermore, certain aspects of the
claimed invention have not been discussed herein. However, no inference should
be drawn regarding those discussed herein relative to those not discussed herein
other than for purposes of space and reducing repetition. Thus, this summary of
features and advantages should not be considered dispositive in determining
equivalence. Additional features and advantages of the invention will become

apparent in the following description, from the drawings, and from the claims.



limtations on equivalents to the clains. For

i nstance, sone of these advantages nay be nutually
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone
advant ages are applicable to one aspect of the

i nvention, and inapplicable to others. Furthernore,
certain aspects of the clainmed invention have not
been di scussed herein. However, no inference should
be drawn regarding those discussed herein relative to
t hose not discussed herein other than for purposes of
space and reducing repetition. Thus, this sumary of
features and advantages shoul d not be consi dered

di spositive in determ ning equivalence. Additiona
features and advantages of the invention will becone
apparent in the follow ng description, fromthe

drawi ngs, and fr oBriehDestedptien of the Dehwliiegsri ption of

t he Draw ngs Thzefeature and advant ages of a mask
accor di ng toPREEHHESAN 2dvANadasH am@sk @eerging to the present

webalidard rRtheF BERHS oPh Jr@&ﬁés?cﬁtf'éﬂ%a?i%%uﬁp ’&‘gﬁgsﬁ [h accordance
t he e nore

accordance wth present invention w |

vite &g presadiinyertisun willdre mibee tlohilpuhderstadelsfcom pihé tatlowing

B i ' WM t e_acconpanyi drawi n
R IR R HREhLREI bl sPGEEr RN S on e
efercase andiends elkeeigmatssintiagbossrespdndpey dlemeatsa Rshibms and
which: Figure 1 shows a cross sectional view of an
@%Qﬁﬁﬁéndghw ®rent of an mask with opaque |ayer with
sl oped sidewal | openings according to an exanple
enbodi nent of the present invention. Figure 2 shows
the plane diffraction at a corner of the opaque |ayer

in the openi rﬁ&ure 1 shows a cross sectional view of an example
embodiment of an mask with opaque layer with sloped sidewall openings
according to an example embodiment of the present invention.

Figure 2 shows the plane diffraction at a corner of the opaque
layer in the openings.

Figures 3A to 3G show an example method for forming a mask
having slanted opaque layer sidewall according to an example embodiment of the
present invention.

Figures 4A and 4B shows graphs of diffraction field vs angle of
diffraction for a range of sidewall angles according to an example embodiment of
the present invention.

Figures 5A and 5B shows graphs of diffraction field vs angle of
diffraction for a range of sidewall angles according to an example embodiment of
the present invention.

Figures 6A, 6B, 6C and 6D show graphs of (a} image intensity vs
location for the best focus and ( b) (a) image intensity vs location for the best focus

and Focus at -0.2 microns for:



Figures 3A to 3G show an exanple nethod for formng a
mask havi ng sl anted opaque | ayer sidewall according
to an exanpl e enbodi mrent of the present invention.

Fi gures 4A and 46 shows graphs of diffraction field vs
angle of diffraction for a range of sidewall angles
according to an exanpl e enbodi nent of the present

i nvention. Figures 5A and 5B shows graphs of
diffraction field vs angle of diffraction for a range
of sidewall angles according to an exanpl e enbodi nent
of the present invention. Figures 6A 6B, 6C and 6D
show graphs of (a) image intensity vs |ocation for
the best focus and ( b) (a) image intensity vs

| ocat i(&hs'rhgie ttdrehSIY Witicsisaigaintderebcidevedlis: Qardsatrapiotrench
for: % ) single trench PSMw th straight trench
S|demﬁFﬁ (ani sotropic trench etch) (2) single

trencp)P§ théhcﬁmsmdwtrf N08d sreflenaidedall§ . (fFéHtrro%Ri tfench etch)
trench etc i ngl e undercut trench PSM

(ani sbthshple umé%st VW%PS%WrﬁOém@w (sgiropige trench etch)
errbod skFigure 7A
shows @mm%gﬁﬁ%gg%g‘g%@mgﬂoﬂg@%w er hating
Aperture Mask using the enbodi nent sl oped sidewal |

the present FiERY Porows 3oFAHE Rody SRR st pttemating

Bpenert Bagevsiny tké éﬁiﬂi@d“ﬁérﬂ%loﬁéﬁﬁa@@@ﬂ%ﬁ&iﬂe Blyepsetording to
si dewal | opaque | ayer according to an exanple
an example embodiment of the present invention.

Figure 7B shows a Dual-trench Sloped Sidewall Chrome using
the embodiment sloped sidewall opaque layer according to an example
embodiment of the present invention.

Figure 7C shows Single-trench with undercut using the
embodiment sloped sidewall opaque layer according to an example embodiment
of the present invention.

Figure 7D shows a double trench Sloped Sidewall Chrome with
undercut according to an example embodiment of the present invention.

Figure 8A shows an example of a curved sloped sidewall light
reducing fayer according to an example embodiment of the present invention.

Figure 8B shows another example of a curved sloped sidewall
light reducing layer according to an example embodiment of the present invention.

Figure 9 shows some examples of the methods used to correct the

image imbalance according to the prior art.



enbodi nent of the present invention. Figure 7C shows

Single-trench with undercut using the enbodi nent

sl oped sidewal | opaque | ayer according to an exanple
enbodi nent of the present invention. Figure 7D shows
a double trench Sl oped Sidewall Chrone with undercut
according to an exanpl e enbodi nent of the present

i nvention. Figure 8A shows an exanple of a curved

sl oped sidewall light reducing |ayer according to an
exanpl e enbodi nent of the present invention. Figure
8B shows anot her exanple of a curved sl oped sidewal |
i ght reducing |ayer according to an exanpl e

enbodi nent of the present invention. Figure 9 shows
some exanpl es of the nethods used to correct the

i mage,_.i | ance acgcordi 0 the art tail ed
pescr Pelat i BpSeiitian t e Nl ieinadburesis dmpenipents
The exanpl e enbodi nents of the present |nvent| on wll
be described in detail with reference to the

acconpanyi ng drawi ngs. The exanple enbodi nents

provi de structures and nmethods of form ng a nask used
in sem conductor device manufacturing. B.

| nt roduct i onTRe guamp: eulm@mhnseme opth'eopr@‘eht Ewanwdareaziluje

Asecbediis ety S ahye e SaptproanoiEaVEeE. e emple
émgoumeaﬂ§ de(ndéT'%ﬂhéﬁu?@s E8d mMdiBodM %ﬁﬁﬁ@’% rkagl;raws@@m

graph on the right shows inproved
$¢fﬁl§@n6'a¢tahd%VIC%§196Waﬁlé'i® exanpl es of nethods to

B. Introduction

Figure 9 shows some prior art examples of the methods used to
correct the image imbalance in phase shift masks (PSM). The graph on the left
shows the intensity imbalance for the PSM (shows below on the left.). The graph
on the right shows improved image balance. Below are 3 examples of methods to

improve; 1) undercut, 2) bias and 3) undercut an bias.

Some of the example embodiments can help correct the image
imbalance in phase shift masks by using an opaque or half tone layer that has
sloped face sidewalls (e.g., angled —wedge face). Figure 1 shows an example of a
phase shift masks by using an opaque or half tone layer having sloped face

sidewalls,

Terms:
light reducing layer — a layer that reduces the amount of light passing through.
A light reducing layer can be a half tone (e.g., translucent) or an opaque layer

{e.g., chrome).



I mprove; 1) undercut, 2) bias and 3) undercut an bi as.
Sone of the exanpl e enbodi nents can help correct the

i mage inbal ance in phase shift masks by using an
opaque or half tone layer that has sloped face
sidewal Is (e.g., angled -wedge face). Figure 1 shows
an exanple of a phase shift masks by using an opaque
or half tone |layer having sloped face sidewalls.
Ternms: |ight reducing |layer - a layer that reduces

t he amount of |ight passing through. A light reducing
| ayer can be a half tone (e.g., translucent) or an
opaque | ayer (e.g., chrone). 9 C. Mask with opaque

| ayer with sl oped sidewall openings An exanple
enbodCnent oMasinwéh apagueilayerewitbaidped sidewall openings
manufacturing is shown in figure 1. Figure 1 shows a
cross secti o%ﬁ'l eXFTHRIL anbgﬁhmwsqf ayngsk Pserhin saspigendiector

Ly ARG, Ml RS X Tl o an
Maek witlHight estlucingglayery3l (€39, bpaged er halfitone lays 30) with sloped
gggﬂ%ﬁﬂlﬁg’){lgggso However, |ayer 30 can be a light

T 30 such as a opaque or half tone |ayer

30. The mask Iriﬂne&fﬁ@ﬁpﬁcﬁﬁbe!@w&ﬁ@ﬁbhﬂ*e@uéﬂg h‘@ér'?s@ i8 referred to
first reglon a second region 18 and a t'hi

?%g. PR asrweSQ tiquevesglayer 86 cag t}@o@h@htdﬁ@@pm@;améﬂ such as

& oF hil€ d the second regions 18. The
su Eg{qlﬁate %LO @aé@rﬂﬁ?st surface 10A that an opaque

| ayer The mask 11 comprises: a substrate 10 having a first region
14, a second region 18 and a third region 22. The third region 22 is positioned
between the first region 14 and the second regions 18.

The substrate 10 has a first surface 10A that an opaque layer
(e.g., light shielding layer} is formed over.

A opaque layer 30 is formed over the substrate 10. The opaque
layer has a first opening 34 over the first region 14 and a second opening 18 over
the second region 18. The first opening 34 and the second opening 36 are defined
by opaque layer sidewalls 34A 36A.

The sidewalls 34A 36A of the opaque layer are slanted at an
sidewall angle 31 less than 90 degrees with the plane of the top surface of the
substrate.

The sidewalls of the opaque layer are slanted at an angle 31 with
the plane of the top surface of the substrate (sidewall angle) between 5 and 89
degrees and more preferably between 30 and 60 degrees.

The openings are smallest at the first surface and the opening get
wider at the top of the opaque layer.

in an option, light 26 transmitted thru the first reg:on 14 and the

second region 18 are about 180 degrees out of phase.
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(e.g., light shielding layer) is fornmed over. A opaque

| ayer 30 is fornmed over the substrate 10. The opaque

| ayer has a first opening 34 over the first region 14

and a second opening 18 over the second region 18.

The first opening 34 and the second opening 36 are

defined by opaque |ayer sidewalls 34A 36A. The

sidewal | s 34A 36A of the opaque |ayer are slanted at

an sidewall angle 31 less than 90 degrees with the

pl ane of the top surface of the substrate. The

sidewal I s of the opaque |ayer are slanted at an angle

31 with the plane of the top surface of the substrate

(sidewal | angle) between 5 and 89 degrees and nore

pr e}‘ Ier abl y beir:]gmararﬁﬁuﬁédiftﬁr@x Meggﬁ&ﬁg[oﬁ%scmﬁm pBssaAs@ft and
est .at the first surface and the openin

o dranamitfac ﬂff&@%ﬁ@@w BoiRfLeAs aperong hhase @a& b first phase

t f n
e L 1B e s Sb AR ehi 6 Wbt region
¢@n be geferred dm oriat unsdniftesr n@gtdnmrfd thetsacegi veginasan bie| refirred to
ight transmitted thru the second

?ggﬁ%mgggéﬁg@qg %hd phase shift. The first phase

shift is pr efreambbtyoramgle h&ﬁcﬂ@@%&d‘wmmﬂcﬁﬁe gegrRfitst region

?has$ shift. The fl&_ can be referred to as a
FieRa0 ?%@Prb??szﬁ st H@” é%nd regi on can be referred

to as a phaﬁ\eal’ﬁﬁhért@ﬁ:dne(abﬁnreridﬁefa?l\/?%hb\% if ﬁ%ﬂ]}‘élﬁ:} the first

trench PSM shown in figure 1, regio
moigrethppppryesHa fisd dreach dpsand: theisehodd region comprises a second

trench 44. The light passing thru the first and second trenches is preferably about

180 degrees out of phase.
D. Some explanation for opaque layers with sloped sidewall
openings

Figure 1 shows light 26A diffracted off the corner to the opaque
layer at different angles.

From figure 1, we see that the most possible (We choose our
study at 180 degrees diffraction angle (8) because the optical path for any two
nearest opaque layer sidewall is the shortest, and thus would determine its phase
and whether the interference wiil be constructive or destructive; not because it is
the largest diffraction angle) diffraction angle for optical interference between two
nearest opaque layer sidewalls is 180 degrees(d). At 180 degrees diffraction
angle, the optical path for any two nearest feafure edges is the shortest. To
achieve a balanced aerial image intensity, Iy = hg. {balanced aerial image
intensity is defined when light 26 transmitted thru the first region 14 and the
second region 18 are about 180 degrees(¢)* out of phase and of the same

intensity}

11



I n anot her option (dual trench PSM shown in figure

3G the first region 14 conprises a first trench 40

and the second region conprises a second trench 44.

The light passing thru the first and second trenches

is preferably about 180 degrees out of phase. D. Sone
expl anation for opaque |ayers with sloped sidewall
openings Figure 1 shows |ight 26A diffracted off the
corner to the opaque I|ayer at different angles. From
figure 1, we see that the nost possible (W choose our
study at 180 degrees diffraction angle (0) because the
optical path for any two nearest opaque |ayer

sidewal | is the shortest, and thus would determine its
phas e=gidte WS e HiffrB&idrMarR)lé. & @é%ﬁbfé\ﬂ {olthB%ngle where the quartz
constructive or destructive; not because it s the

| ar gekstertices matdt therchupriedyouai afyrtawardsnthargineary shrome feature.

optic i C ) n t near aque | aver
oPL < B et BB Sod Re § AS SR Ul e
di f f r qedrtgawayrfagire thé berooms. 1188l dagatferfto angyoftthe shortest
nearest feature e%ges i s éhe shortest. To achieve a

bal andisalagemen; (distggee fithe sfipgent chramefaature. iignaedhe

aer i ahakiiRgR is BebeBgi ty is defined when light 26
transmtted thru thé first region 14 and the second
region 18 are about 180 degrees(4)AA out of phase and

of thg, sane . iptensit 11 **\Wiere i s. the

i 111 S 0 AREE 5 HaRsh EFenGS phireTieli Beapnare o fae phase
quar t anglé phesihg @edushtthe URScBEY qUErtRUHES.Y towar ds

the primary chrome feature. 90 deg refer to the

di rection perpendicular to the quartz surface into the

In typical use, light 26 passed thru the mask 11 by passing thru
a second (e.g., top) side of the substrate 10 and out the first surface 10A (bottom)
side of the substrate 10 thru the openings 34 36 in the opaque layer 30. The light

shines on a photoresist to expose a pattern on the photoresist.
E. Plane diffraction at a wedge (chrome sidewall openings)
Figure 2 shows the plane diffraction at a corner of the opague
layer in the openings.
Figure 2 shows that we have used Geometrical Theory of

Diffraction to characterize and analysis the light diffraction phenomenon for

different diffraction angle 6 for different sidewall angle p.

In figure 2, the following are explained:
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quartz, away fromthe chrome. 180 deg refer to angle
of the shortest displacenent (distance) of the

adj acent chronme feature. Hence the nmaxinmumis 360
deg. AAwhere $ refers to the phase difference of the
light reference to the phase angle passing through
the unetched quartz surface. In typical use, |light 26
passed thru the mask 11 by passing thru a second
(e.g., top) side of the substrate 10 and out the first
surface 1 OA (botton) side of the substrate 10 thru
the openings 34 36 in the opaque | ayer 30. The |i ght
shines on a photoresist to expose a pattern on the
photoresist. E. Plane diffraction at a wedge (chrone
gﬂﬁgmaLUegpeﬁmﬂgsﬂ omygmﬂedzdéhmheﬂsﬁetpbaagon

sl BR gl badls s e dist m@% Beubilemiiomp o 4
L5 @Ry /ﬂfo “sﬁ]acﬁév{'r BELh @A R é?rh"ﬁ@%Bﬁ %Fé n@ﬁsﬂ)y Ehfome and air)

the Tight diffraction phenorren erent
dhadcwaboumharan@deﬂr(e bxothedlgm patbrﬂass;nr@eﬁmhl thanglaetz B tHenair and

fall ined:. 12 region 1:
bR <Bua ol sp e BlobkBomhEGiesi o0 1 hi s
region (where ,8 is the side wall angle 31 and Chrone
eX|st |nthe boundar fromO to /3 so from8to

wBYAR §RAG Zilg S%mafatqdefg@raﬁe@gadebmtf@oﬂmd@w pgundary:
6&@&.@(1 n@bftactsd g@vg})@ﬁundary i's define by the

I ght path passing rom e quartz to the air and
shadow edge of the chrone feature bl ocking the |ight.

g'omgig\%sﬁ%gﬂ ﬂ}?s%a%% ? c';usnd%ryl;) ip 6 rfe?Igcr:rtlugnegoundary where air
and quartz exist for 2™ region of Figure 1(18) and air only for 1 region of Figure
1(14))

reflection boundary: The reflection boundary is defined by the path of the

reflected light on the interface of the quartz, chrome and air traveling from the

quartz towards the air and reflect back into the quartz.

region 3:

region space 3 from wedge face separated from region 2 by refiection boundary:
incident and reflected wave exist.

Region 3 refers fo the region between region 1 and 2. Starts from the reflection

boundary to the Chrome and quartz interface.

We are working in region 2 for diffraction angle 180 degrees(4).

When a plane wave is normally incident upon a corner of the
opaque layer in the openings (i.e. incident wavefront is parallel to edge), as shown
in Fig. 2, and has a field component V. in the z-direction such that

13



geonetrical and diffracted field exist. Region 2

starts fromthe shadow boundary up to the reflection
boundary where air and quartz exist for 2nd regi on of
Figure 1(18) and air only for 1st region of Figure
1(14)) reflection boundary: The reflection boundary is
defined by the path of the reflected |ight on the
interface of the quartz, chrone and air traveling from
the quartz towards the air and reflect back into the
quartz. region 3: region space 3 from wedge face
separated fromregion 2 by reflection boundary:
incident and reflected wave exist. Region 3 refers to
the region between region 1 and 2. Starts fromthe
reflection boundary to the Chronme and quartz

interface. W aremmg,d % (kBode gl @)for diffraction

angl e 180 defPees(O en a pfane wave is normally
WREiIENE tt?’é)QHgE@.o‘Fﬂ{ nc®toth haf?%?émze Tha¥ ?[Elct: é?)lﬁtﬂﬁ“l for the z-
openi ngs (1.e, incident wavefront 1s para

eugpdnerd st ahpﬁald pantRpdd) (ﬁ/heem,d ihte c&ptrba!e:ﬂlsltanomamgritom point

\z'...in.t - t h t
it e & sotfaetro8h s dolamedingl ¢ of
i ncidence to the hal f - pl ane. The exact solution for

the z- conponent at¢apy=Liehdrotid ot p,9) (where p is
the optical st anc(e@a%ay %o?n po(lr]&nti of diffraction)

1‘3?@ gﬁeiﬁ’gx%ﬁ t<50r %%8;? A rllijzpdg@?\ﬁﬁscas%wﬁ@ﬁ 2 ec% aMd(tPence Eq.
(@0 leapicsacs the tpﬂéEelm:ﬂm) field eFoths |@rer sigrl wedrae rﬁqgnetlc
polarization (TM case) where V,' = H,' and Eq. (2) now yields the fotal magnetic
field. The superscript / or r indicates that the particular field component is
associated with the incident or reflected geometrical optics field. These
components in £q. (2) are given by

(3) 1 (p,0) =U (" Juy (p,0) +uj (p,0)

where U is the unit step function (1 for £ > 0, 0 otherwise), u," is the geometrical

optics field For the geometrical optics field,

4) u" (p,0) = exp{ jkp cos(0 ¥ 0, +2naN)}

2r—-p

T

(5) N=

|6 F8,+2Nnx|<m

where n is an integer, which satisfies and B is the sidewall

angle 31.
and u4" is the edge diffracted fieid

uf (p.0) =~ K{a'|JUkp) oxp(~ ko),
14



|

(2) expresses the total electric field. For the |ower

sign we have magnetic polarization (TM case) where
V,'= HZ and Eq. (2) now yields the total nagnetic
field. The superscript i or r indicates that the
particular field conponent is associated with the

i ncident or reflected geonetrical optics field. These
conmponents in Eg. (2) are given by (3)

, (P, 8)=U(s .")u"(P,8)+11n' (P, 8) where Uis the unit
step function (1 for E> 0, O otherwise), uo'' is the
geonetrical optics field For the geonetrical optics
field, (4) u" (p,B) = exp{jkpcos(B+80 +2n)TN)} (5) Z
where n is an integer, which satisfies 1B+Bo +2Nn7r 1"
and (3 is the sidewall angle 31. and ud'' is the edge
diffracted field u','" (P, 0) =-et.r Klan,

(kp) }exp(-j ko), 14 a"— =~F2 c052(0+00) Si". =
sgn(arr ) exp(Js2)¥" exBEostB T (6) K _(s)= ;] Avnay
fromthe optical boundaries and the edge, i.e. at far
field (= 106 A) or Fraunhofer region, the edge
diffraction field can be given in general as: For TE

(el ectric polarizatiagdn(a™),

(6) K _(s)= —‘GXP(JS )Iexp(—jt Yt

Away from the optical boundaries and the edge, i.e. at far field (= 10°A) or
Fraunhofer region, the edge diffraction field can be given in general as:
For TE (electric polarization),

8J kﬂ.’)

For TM (magnetic polarization),

Bl ~ [EH!
E

&
T o
{
<

(8)
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E D (B, Bo)exp(-jkp) (8 jkir) (HB Er~u Ho _0 (7)
For TM (magnetic polarization), EBft HEO p (8) 15
where De(8,90) and D( G OGo) are known as the edge
diffraction coefficients, Nand E are the
perneability and permttivity of medium In this
study, diffraction coefficients derived fromthe
canoni cal problemare nmultiplied with the incident
ray at the point of diffraction to produce a
diffracted field on the diffracted rays. (9) u;" ~
Dc.nz V; Away fromthe optical boundaries and the
edge, i.e. at far field (= 106 A) or Fraunhofer

region, the edge diffraction coefficients for wedge

wherer ladaiaohamdwgé”é@a@q)are kgewin lge thg pros idiffraeibrosaefiidents, 1 and ¢
AT L - = +1. cos- -cosec 0 ° The

%rtﬁﬁlpae{rﬁgﬁﬁ‘ig oé\?@s%?r&g\ﬁgﬁ/u%#qlg&'b‘é['erm ne the

i thisr sied e diiffraefich Easffidionts dERved fonTiMeneinehicaipicdlerh are

. iffr [ le. (00 = 180 d .
conoliet pBR4he i ae bR rpint 2 giaden Parodiad Lpiected
sdldenahd dmnebed raggise equation 5 to find out N).

(9) U;,m . De.m.V:i
Away from the optical boundaries and the edge, i.e. at far field (= 10°A) or

Fraunhofer region, the edge diffraction coefficients for wedge diffraction in general

can be approximated by:

w2 T P 6-6\"'_( = o+86,\"
(10) D" = —sin—-| cos— — cos +1cos— —cos
N N N N N N

The formulation above allows us to determine the diffracted field for both TE and

TM potarization for 180 degree diffraction angle (8¢ = 180 deg) using conventional

iflumination (8 = 90 deg) for different sidewall angle B (use equation 5 to find out

N).

Angle “B" is the sidewall angle 31 in figure 1.

F. Image Intensity Graph Results - Figures 6A- 6D
Figures 6A , 6B, 6C and 6D show graphs of (a) image intensity vs

location for the best focus and ( b) (a) image intensity vs location for the best focus
and Focus at -0.2 microns for:
(1) figure 6A- single trench PSM with straight trench sidewalls. (anisotropic trench

etch)
16



Angle "p" is the sidewall angle-31 in figure 1. F.
I mage Intensity G aph Results - Figures 6A- 6D Fi gures
6A, 613, 6C and 6D show graphs of (a) image intensity
vs location for the best focus and (b) (a) inage
intensity vs location for the best focus and Focus at
-0.2 mcrons for: (1) figure 6A- single trench PSM
with straight trench sidewalls. (anisotropic trench
etch) 16 (2) figure 613-single trench PSMw th curved
trench sidewalls. (isotropic trench etch) (3) figure
6C-si ngl e undercut trench PSM (ani sotropic + isotropic
trench etch) (4) figure 6D -the enbodi nent's angl ed
chrome sidewall nmask. Figures 6A - 6D show that (4)
(Defigare®B-segle BermdtgPSM Wit 00 ed SichenaidewmiSK(isstRHite #8nch
tggvnnst bal anced image intensity. The data are

ulated and sinulated using SOLID-C (a comrercia

t3)tf|@%9é @@@%@@ftﬂ'\\ﬂﬁf trtfgh W(Jrﬁéotwﬁ- ?%tﬁ@ dﬁ;ﬂr‘énén etch)

was “obt ai ne simul ation , exa

{Drfigiurey 60 B‘[ﬁe@mbp@m@@taaﬂ@m ¢hromessidempdlemeaskodi nent
is a nethod for nmaking a mask that has slope |ight
reducing (e.g., half tone or opaque) sidewalls. In the
descri ption bel ow the Iight reducing Iayer 30 is
referred to _as a gpaque | ayer

can be a | i ght94eYBEs “n@Dlsé‘?@’rthéb("sl mea@odm%ﬁémlaﬂ chrome
Q@'efrvaﬁ sk @MSUC@.:OtheFmSé{rtfé‘Far?bédtlﬁlaég‘lrﬁgﬂyt@nTI%@Q@' dte

method for formng a
postulated and simulated using SOLID C (a commercial lithography software)

The data for figures 6A and 6b was obtained by simulation

l. example method for forming sloped opaque sidewall

An example embodiment is a method for making a mask that has
slope light reducing (e.g., half tone or opaque) sidewalls.

In the description below the light reducing layer 30 is referred to
as a opague layer 30. However, layer 30 can be a light reducing layer 30 such as
a opaque or half tone layer 30.

Figures 3A to 3G show an example method for forming a mask. A

feature is the slanted opaque layer sidewall. The element numbers generally

correspond with the analogous elements in figure 1.

A. form an light reducing layer (e.g., half tone or opaque layer)
30 over a substrate 10

17



feature is the slanted opaque | ayer sidewall. The

el ement nunbers generally correspond with the

anal ogous elenments in figure 1. A forman |ight
reducing | ayer (e.g., half tone or opaque |ayer) 30
over a substrate 10 17 Figure 3A shows a cross
sectional view of a mask substrate 10. The substrate
is preferably conprised of a |ight transm ssive
substrate, preferably transparent. The substrate can
be conprised of quartz or fused silica. W form an
opaque | ayer 30 over a substrate 10. The opaque | ayer
is a preferably a light blocking |ayer is preferably
substantially opaque. The opaque |ayer is preferably

conpri sed of FdiromRA ﬁom@é’hﬁfa@%e%ﬁonﬁl%éﬁof@%ask substrate 10.
Ereferabl y comprised of chronme with a thickness

bewebairgods prejerabhyomanpisadof alight franemissive sulitnate, preferably
K
AR ¥ SupparB PR of iy BPhbed 1ER®
substrate 10Vpe éfrmabbpammﬂyes@& ofeff & sabstratgi1QN Thé opaque
B P B R BRSPSy el T
bpaqid la§br irs?ﬁéfé}‘bbw cOMPrisEe of SHBRL ére;mo@&%sﬂs% ana rbemost

substrate first surface that the op

p@f@rlablyscqr@wrfﬁ@@ adwarorpe vith. a ikigkaess hgtweert 5@@ Ae@damoo A.ln
303, AR LIS Idhd B5LIe B Spb NS P Bl Lesenvany

alpbgintrfg)rﬂ&aesnag thirhe second region 18. The first
openi ng and the second openi ng defined by opaque
| ayer sidewalls. The sidewalls of the opaque |ayer

have an i nitiTgk ﬁxbgﬁ‘éﬁbétrétéQlo%ref@!rélﬂytcﬁﬁﬁpﬁls%% et td¥on 14, a
top surface of the substrate. The sidewall angle is

sgresund rggion 18 and a third region 22. At least a portion of the third region 22 is
positioned between the first region 14 and the second regions 18. The substrate

10 has a first surface that the opaque layer is formed over or on.

Referring to figures 3A and 3B, we pattern the opaque layer to
form a first opening 34 over the first region 14 and a second opening 18 over the
second region 18. The first opening and the second opening defined by opaque
layer sidewalls. The sidewalls of the opaque layer have an initial sidewall angle
with the plane of the top surface of the substrate. The sidewall angle is about 90

degrees.

In an example shown in figure 3A, a masking layer 32 (e.g.,
resist) is formed over the opaque layer. Referring to figure 3B, the masking layer is
patterned to form first and second masking openings. The opaque layer is
preferably anisotropically etched using the masking layer 32 as a mask to form
the first opening 34 over the first region 14 and a second opening 18 over the

second region 18.
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degrees. In an exanple shown in figure 3A, a masking
| ayer 32 (e.g., resist) is forned over the opaque
| ayer. Referring to figure 3B, the nasking |layer is
patterned to formfirst and second maski ng openi ngs.
The opaque layer is preferably anisotropically etched
using the masking layer 32 as a mask to form the
first opening 34 over the first region 14 and a second
openi ng 18 over the second region 18. 18 The patterns
in the masking |layer are typically formed utilizing
sone mask witing tool. An exanple witing too
conprises the ETEC MEBES 4500, avail able from ETEC
Systens, Inc, of Hillsboro, Oreg. The chrome pattern
30 can be usé&letpattdetsiindha rrmskingddyeri are typicallyeforraed ubiizing
i ce. hows .t he st

Sl i ool o FEgrmpledshingiol oprse 1T GMRBES

4&)0 l’élvbﬂ'ﬁ)[é iffoft ETEQ Syst&ekelcl BOHRABborseOty.m a fir st
trench resist | ayer 38 over at |east the second

region 18. The first trench resist layer 38 has an

openi ng as | f

Co T gure e TaciaiEbake 40 E3) bEERLER, ddfind | bl Eicu
pattgroof ameeﬂemm:tnlcjorumvm@ t he f| r st trench resi st |ayer
38 as an etc chin u5|n a
ani sot r opi c tgé‘ﬁe 596%05@ th ﬁre %edgﬁl +
H2 plasma under certain process cond|t| ons. C etch

the opaque | ayer sidewalls to nmake the sidewall angle

B. form a first trench 40 in the first region

Referring 3D, we form a first trench resist layer 38 over at least
the second region 18. The first trench resist layer 38 has an opening as least
over the first region 14,

Referring to figure 3E, we form a first trench 40 in the first region
preferably using the first trench resist layer 38 as an etch mask. The trench can
be etching using a anisotropic etch such as dry-etch process using CHF; + H»

plasma under certain process conditions.

C. efch the opaque layer sidewalls to make the sidewall angle

less than 90 degrees

Next, we reform the opague layer sidewalls to make the sidewall

angle less than 90 degrees.

Referring to an example in figure 3F, we preferably etch the
opaque layer sidewalis to make the sidewall angie 31 less than 90 degrees.
The sidewall angle 31 is between 30 and 60 degrees and is more

preferably between 30 and 60 degrees.
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| ess than 90 degrees Next, we reformthe opaque | ayer
sidewalls to make the sidewall angle |ess than 90
degrees. Referring to an exanple in figure 3F, we
preferably etch the opaque |ayer sidewalls to make
the sidewall angle 31 |ess than 90 degrees. The
sidewal | angle 31 is between 30 and 60 degrees and is
nore preferably between 30 and 60 degrees. 19 The
sidewal | s are preferably etched with SF6 dry etch. The
SF6 etch etches the sidewall to have a straight slope
by using proper bal ancing of RF power, etchant gases
and tenperature. The (e.g., SF6 ) etch preferably does
not significantly etch the trench 40 any deeper. The

tip of the | ighlsid&eisidg p'ré\%?éblﬁ@tcwgﬁ'bﬁthtélﬁs %J'r;@@?ch

edge neets the bottom can be a shape tip or

rounded ti p TherSksi ﬁi@ﬁtmﬁﬁ thesaidleveal ﬂodwvgca)slralghta@epe by

SR D IETPF SPGB ety et

shar p. Howev@hei(s.g: ﬁa yetek pfeferdbtatio@nnottdignificantlyl etbie the
smal | éound ng at the tip, which is still acceptable.
enehs 49 pBYi gﬁ‘értz wet etching Referring to figure

3G we preferphlt rﬁttﬁ@h%ﬁlereéﬁ'@ﬁ? 'ia’?Ve? 30WHE thhé ERbe RIYE meets

second reglons eetc IS pre erab yanlsotr0|c
theshationnetanehe b sbapé tinor a rouedecdtip OuTimuation resultsshow good

RO PR RRR B nel BRARRERY Bl OF LeBBC s ety to of
the ¢ireme wedge must be sharp. However in real mask fabrication, there will be

smali rounding at the tip, which is still acceptable.

D. Isotropic quartz wet etching

Referring to figure 3G, we preferably etch the substrate in the first
and second regions. The etch is preferably an isotropic quartz wet etch such as a
wet etch. The etch is to provide a smoother topography of the trenches 40 44.
Note that the isofropic etch forms a second trench 44 in the

second region 18 and makes the first trench 40 deeper.

The 2™ trench 44 is optional.

Preferably at this point, light transmitted thru the first region 14
and the second region 18 are about 180 degrees out of phase.

Figure 3G shows sidewalls 36A and 34B of opquage layer 30.

Isotropic wet etch will give a smooth-surfaced curved shape
because the etch rate is uniform - as each point of the surface is removed at the
same rate. For feature with corner, a curved surface will result from the corner
feature. For anisotropic etch, it is a directional controlied by the RF power, etchant

gases, timing and temperature. Hence a straight sidewall can be achieved.
20



second region 18 and nmakes the first trench 40 deeper.
The 2nd trench 44 is optional. Preferably at this
point, light transmtted thru the first region 14 and
the second region 18 are about 180 degrees out of
phase. Figure 3G shows sidewal|ls 36A and 34B of
opquage |layer 30. Isotropic wet etch will give a
snoot h-surfaced curved shape because the etch rate is
uniform- as each point of the surface is renoved at
the sanme rate. For feature with corner, a curved
surface will result fromthe corner feature. For

ani sotropic etch, it is a directional controlled by
the RF power, etchant gases, timng and tenperature.
Hence a straight sidewall can be achieved. 20 I11.
supporting data - figures 4A 4B 5A and 5B The

followi ng variables are used in figures 4A, 4B, 5A and
BB. has beeRuppprtingidata + figuces 4AcAB SAcng 5Bangl e 31.
has been defined in equation (9). W see that the nost
possible diffraction angle for optical interference
bet ween two ‘Fﬁéﬁ‘&ﬁimﬁi%h‘étﬂe?Q%éséd;m]f%@restﬁ& ABGA and 5B.
diffraction angle e optical path for any t

pdas bsen fdefined esékd@elsronm silewathanglesi1. Fi gure 4A shows
Borgaliéeré%t.ffrac éleld I U for E—polarlzatlon

ot Pefr? felingdt in@aUAHOR e mi ne that De for N = 1.5 (90
wedge, i.e. W%@tl@t%osbb@ﬁfﬂle'cﬁfr&&ﬁ)d‘é fir 89
other I U, | from 120 diffraction angle onwards hi s

@Fﬁfﬂ%em%@etwewéwgeﬁe@éesj featurg efgessis d ShalAt 18Rgifragtioneangle,
ﬁ%a(ﬂﬁ@a@%%g fbrSa SIrB8bRALBLLER]s hElsRbhEgence

can conc romfigure 4A

Figure 4A shows normalized diffracted field | U {for E-polarization

for different N. We determine that D° for N = 1.5 (90° wedge, i.e. square chrome

block) is the highest among other | U? | from 120° diffraction angle onwards. This

shows that 90° wedge {(e.g., chrome sidewall angle 31 is 90 degrees) is more
prone to optical interference than angled wedge. We can conclude from figure 4A
the following to minimize or eliminate the undercut that can cause chrame peeling,
we can adopt suitable amount of sidewall angle B to achieve balanced aerial
image. This shows that a 90° wedge is more prone to optical interference than an
angled wedge.

Figure 4B shows the closed-up view of normalized diffracted field
|U¢ | for E-polarization for different N at 180°. We can conclude from figure 4B
the following: adopting a suitable amount of sidewall angle 31, we can reduce the
diffracted field at 180 deg diffraction angle to close to zero in an effort to reduce

the interference between the 2 corners, regardless of the interference will be

constructive or destructive.
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the followng to mnimze or elimnate the undercut

that can cause chronme peeling, we can adopt suitable
anmount of sidewall angle (3 to achi eve bal anced aeri al

i mage. This shows that a 90 wedge is nore prone to
optical interference than an angled wedge. Figure 4B
shows the cl osed-up view of normalized diffracted

field U for E-polarization for different N at 180.

We can conclude fromfigure 4B the foll ow ng:

adopting a suitable anmbunt of sidewall angle 31, we

can reduce the diffracted field at 180 deg

diffraction angle to close to zero in an effort to
reduce the interference between the 2 corners,

regardl ess ofrigre SAéviehcmttized biffrBsted @i@nﬂtw UG NE

or destructive. 21 Figure 5A shows nornmalized

gofatizatidreidr tifierehtl V.UV el deerthét | (pgfardngidd wed§es have zero or small
different NN W& see that | U, ' Ifor angl ed wedges have
gptical ortedenante that squdre wedgeffer éiffestioh amglaqu ase° tmem We

P% G BT o RER gt lishon A 288 o GFafaifioel Mererence

Oodhlpea?ld fiorst @qda% wm@e A Qiffractesh aiyle of 4867 © YIgAL atiffraction
e of 180 to 200. At a diffraction

ct ion an
QH%’P- a§0mébe OgH%a' Hsth Egﬁwe@atr}eamtoﬁ@%tﬁr%@g%sslﬁ the ghertest and
8888 RuckiSe bh@eﬁhﬁtﬁx@%teﬁ@:‘éncé %Bﬁﬁétqfé isYEaty otdﬁﬁfngélﬁéﬁéloe
i nterference cannot be isolate di stinguis
Neverih¢less e camratuge tioel dificactea fididfth rramtr’elde for elimirtate the

g@@uﬁl %%F&Etl m nate the anount of undercut. Figure

e Ccl osed-up view of normalized diffracted
field I U | for Hpolarization for different N at

1800. We can_redu the diffracted field to mnimz
the anmount of 'Qﬁﬁ%%ﬁcﬁh"wﬁ-‘@ﬁ& segip ‘ﬁﬁﬂl@d‘%éb@%@ﬁr%‘d field

OBt | FhZASolarization for different N at 180°. We can reduce the diffracted field

to minimize the amount of undercut. Hence, the angled wedge can be optimized
(for an angle B) for different pitch ratio for same amount of interference (intensity
baiance) at 0-degree and 180-degree etched quartz. The results obtained
suggest that a novel design for a phase shift mask with an arbitrary angled wedge
on the chrome face is feasible.

A. optional data biasing

The embodiment's sloped opaque sidewall is preferably
implemented in an alternating phase shift mask. This sloped sidewall can be
combined with shifter width biasing. That is the width of the first and second
openings can be Biased (e.g., made smaller or [arger) from the initial design sizes

to improve the mask performance.
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(for an angle ,6) for different pitch ratio for sane
amount of interference (intensity balance) at

0- degree and 180-degree etched quartz. The results
obt ai ned suggest that a novel design for a phase
shift mask wwth an arbitrary angl ed wedge on the
chrone face is feasible. A optional data biasing The
enbodi ment' s sl oped opaque sidewall is preferably

i mpl emented in an alternating phase shift mask. This
sl oped sidewall can be conbined with shifter width
bi asing. That is the wwdth of the first and second
openi ngs can be Biased (e.g., made snaller or |arger)
fromthe initial design sizes to inprove the mask
phiffen wwiﬁhd:éasi@r%isfm@nlamgdtolﬁtltﬂ quartgopaiing $o tlblow more light to

enl a rtz to allow nore light to
sl ofr 5 et SDRFLPIRE sonmanh Sefiriormiind Plres guart
bpesihgibyo45Hm eﬂpl@rfé e.openi ng by 45nm | arger per

edge. For exanple, the SM I mage i1 nbal ance correction

can be |rrpl Eﬁéﬂ%@apkehtlmaﬁwt!ﬁ@ag@pmbaémqecﬁortﬁctlgmcaﬂ@e

{
2 S M S, AR s e
bedsapg—mglemdgermhcbrdeefaa:ee@all.c| rcuit pattern. The

data bi asing m ght be done enpirically, by trial and
error, by wusing comrercially avail able software such

as Tenpest aThb et RirEAMIMANISEIALS bidkftd A ctehhifdd desired
Ber kel e Calif., using other software, or by some

G651 PRLlaTB . st datiiiasing mighidre daneseppirioallys|try elans error, by
Egﬂﬁtc'g%éarci%f g%al e E@ﬁ\ngr%ssucﬂrasy?éTégst%@aﬂSMIS'fR)?ﬁ Banoramic
rentati on, an

Iasin I'n one 1np
Tachnabdgyeft Berbélay, Califc wsingosatheescnftware, or by some combination of
these. All of this by itself could constitute prior art methods, or yet to be developed
methods for data biasing. In one implementation, an initial data bias circuit pattern
to be used in forming the ultimate desired circuit pattern on some substrate may,

at least initially,

v. Example Embodiments of other mask types using the slope

sidewall opaque layer

The sloped sidewall be used in any other type masks. For
example, in addition to the alt~-PSM single and double trench (no undercut) mask,
the embodiment slope sidewall chrome pattern can be used on the masks shown
in figures 7A to 7D.

Figure 7A shows SSCAAM: Sloped Sidewall Chrome Alternating
Aperture Mask using the embodiment sloped sidewall opaque layer.

Figure 7B shows a Dual-trench Sloped Sidewall Chrome using

the embodiment sloped sidewall opaque layer.
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to be used in formng the ultimate desired circuit
pattern on sone substrate may, at least initially,

I V. Exanpl e Enbodi nents of other mask types using the
sl ope sidewall opaque |ayer The sl oped sidewall be
used in any other type masks. For exanple, in
addition to the alt-PSM single and double trench (no
undercut) mask, the enbodi nent sl ope sidewall chrone
pattern can be used on the masks shown in figures 7A
to 7D. Figure 7A shows SSCAAM Sl oped Sidewal |l Chrone
Alternating Aperture Mask using the enbodi nent sl oped
si dewal | opaque | ayer. Figure 7B shows a Dual -trench

- Sl oped Sidewall Chrone using the enbodi nent sl oped

si dewal | Opaﬁ%ré ?thﬁ%%nb%sj{rﬁ% ?ﬁﬁﬁe?’l‘@n%rcgt usm%; the

Si ngl e-trenc th un
ainbpdidait dbopet| sid dvept light dedriaing llayeer . Fi gure 7D shows

a double trepch SLoped Sid | .Chr With . un cut .
et be. onbire RS £ 36Te sl Sopdd Sisha Ciitine with
@ﬂ,dmeutswgmj\mderﬁgmu@dtayer on other type masks and
the enmbodinent is not limted to the mask descri bed

above. A AHdS ppenible teimpisment peirae sidewal apaque layer on
%ﬁ?ﬂ@p@ RERQA ek &ﬂ%n‘("lst t%&l%@'tértﬁé)&%sk %Eretﬁd above.

sl ope S|dema S can be forne
t he above enbodi nents, the chronme |ayer can be
repl aced by a half tone | ayer. The nonitoring

equat /ji\.o ns f O dditional example embodiments

In an example embodiment, a mask with an half tone layer with
sloped sidewalls can be formed. That is for all the above embodiments, the
chrome layer can be replaced by a half tone layer. The monitoring equations for
the for the impedance wedge can be found in Graeme L. James,”Geometrical
theory of diffraction for electromagnetic waves’, |[EE Electromagnetic Waves
Series , Institution of Electrical Engineers P. Peregr / 1986-11-01 ISBN:
0863410626.

The example embodiment’s mask could be a half tone PSM
mask where the half tone layer has sloped sidewalls.

Another example embodiment mask can be a binary mask where
some of the chrome edges (that define the openings) have sloped sidewalls.

Another example embodiment mask can be a rim shift PSM with
sloped sidewalls.

Another example embodiment mask can be a outrigger PSM

with sloped sidewalls.
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Janes, "Geonetrical theory of diffraction for

el ectronmagneti ¢ waves", |EE El ectromagneti c Waves
Series , Institution of Electrical Engineers P. Peregr
/ 1986-11-01 | SBN: 0863410626. The exanpl e

enbodi nent's mask could be a half tone PSM nask where
the half tone | ayer has sl oped sidewalls. Another
exanpl e enbodi rent mask can be a binary mask where
some of the chrome edges (that define the openings)
have sl oped sidewalls. Another exanple enbodi nent
mask can be a rimshift PSMwith sl oped sidewalls.
Anot her exanpl e enbodi ment mask can be a outrigger PSM

with Bi oped Sthenpessibleshapedofthe glated eheomnpsidewall

he sl at h i I.I The sl gped. (chrone
ticiahapt (ehrimed neienal Gandi® heboaby Shepsh I iansplagsr or non-
AT shé;i‘?@.qfor%ﬁﬁ)le, Eﬁéls sRpBARMPomE RRIHARSA H%hv%oé@liggat non-

sidewall can have a slight non- planar shape due t
prasir shapei @i foonag wbdsationerocass. ik ean helsethesapbapes of the

ﬂ%ﬁg e di S toséloo?%\’@rétidrpt o consideration. Figure

hows an eXanpl € a rounded or curved shaped

si dewal | . Fi Bigues 8B shbavsanaeeiingle eixanpindedfor gup@dvshaped
qr curved sloped chrone sidewall. The sl oped chrone
ekl | can have a slight non-planar shaped due to

mask fabri cafjgfe BBRRBAS another example of a convex or curved sloped
chrome sidewall. The sloped chrome sidewall can have a slight non-planar shaped
due to mask fabrication process.

A curved chrome sidewall can achieve a smaller sidewall angle

31 easier (in terms of mask fabrication) than a straight slanted chrome sidewall.

C. non-limiting example Benefits

Some of the example embodiment can have some of the

advantages:

~ PSM image imbalance correction can be implemented through the application
of shifter width biasing combined with the best taper-angle wedge chrome-face

wall.

.. Even a moderated amount of taper-angle helps to partially reduce the image

imbalance.

~ Through-focus imbalance magnitude is insensitive to shifter biasing, but an

optimal shifter bias makes it symmetric around best focus.

. Therefore, shifter bias of 90nm coupled with angled-wedge chrome-face wall

can solve image imbalance without excessive undercuts.
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A curved chrome sidewall can achieve a smaller
sidewal |l angle 31 easier (in terns of mask
fabrication) than a straight slanted chrone sidewal|.
C. non-limting exanple Benefits Some of the exanple
enbodi nent can have sone of the advantages: PSM i mage
i mbal ance correction can be inplenented through the
application of shifter width biasing conbined with
the best taper-angle wedge chronme-face wall. Even a
noder at ed anount of taper-angle helps to partially
reduce the inmage i nbalance. Through-focus inbal ance
nagnitude is insensitive to shifter biasing, but an
opt| shlftereplas makes it symetric around best

focu - Ther ef métmg ?’E‘?”’IEV%?"@OC@W%OUM ed with
ang| ed wedge hro &é@eru%@ ’1? %’t%g pbegent invention just

i mbal ance wit

Heseribedi ﬂ”lensgacﬁ/éa:lﬁ%bﬂplﬁﬁb@ﬁd! MeBtrstidAsVeibvl ARG beiakeh )és‘?lfmtmg the
enbodi nents of the Eresent I nvention just described

prRPeRdbe PERSEY ipyenbien dRtNgd byithe deigms show not be

taken as limting the scope of the present invention
defined by the clainms. If advantageously needed in

enbodi nent s Heslyanlaggoasignesded én embodimérds destribedeabove, the

BB P e SRS 2P LR E I be
spsiginbyli Agd,ca@ept for hatichRyeg mbﬁylﬁg (:Ei@esfr1 Qhew\hé\}é 9tRing to do
anot her but one of them has sonething t

wihiope @rethss dut gae f thegn has something to do W|th modlf[catlons detailed
explanation, supplementary explanation, or the like relative to one portion or entire

of the other.

Further, in the embodiments described above, except for a case
of citation of number of elements or the like (containing number of elements, a
numerical value, a quantity, a numerical range or the like), a case of particular
specification, a case of limit to specific numbers positively and in principle, and the
like, the present invention is not limited to the specific number and may be more
than or less than or equal to the specific number.

Further, in the embodiments described above, it goes without
saying that components (including processing steps or the like) thereof is not
always indispensable to the present invention except for a case of particular
specification and a case of what is thought of as indispensable positively and in
principle, and the like.

Similarly, in the embodiment described above, cases of citation of
shapes of components or the like, or/and positional relationships or the like include
something that is in fact close or similar to the shapes or the like except for a case
particutar specification, and a case of what is not thought of as indispensable
positively and in principle, and the like. This is also the same about the above-

mentioned numeral values and ranges.
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expl anati on, supplenentary explanation, or the |ike
relative to one portion or entire of the other.
Further, in the enbodi nents descri bed above, except
for a case of citation of nunber of elenents or the
i ke (containing nunber of elenents, a nunerica
value, a quantity, a nunerical range or the like), a
case of particular specification, a case of limt to
specific nunbers positively and in principle, and the
i ke, the present invention is not |[imted to the
specific nunber and nmay be nore than or |ess than or
equal to the specific nunber. Further, in the

enbodi nents descri bed above, it goes w thout saying

t hat conponenyisilel theahwsitiog h@é@@@ﬁfpaﬂ@:@ém@vn aahwdescnbed
like) thereof is not always indispensable t

wrtag%fﬁfenqueﬁlﬂe orefesred ﬁfﬂblogrm%ﬂté dheregf, ’%‘thied{ﬂd&i’StOOd by those
PR 68 oL RaPOdh R apoBt 1o o ANy Bk g it
tiepaatingirom toel gpjriti emdt s*.mpemﬁdm mamtiqieskt is inkohdat do epver various

cases pf citatia shape nents t he
fieREeafor< et bblhr RraniO Bl g SRTRRIES. Saiel gbre of the
apsdridde clsinEhbidigrd $ifuld Se hbcdrasd titd BeRdest intdipleddtidnOso as to
t he shapes or the |ike except for a case particular

speuTPIssAll 9ich madifigationseansk sigat arangpipents @ngrroegduges.
i ndi spensable positively and in principle, and the
like. This is also the sane about the above- nentioned
nunmer al val ues and ranges. 26 Wiile the invention has
been particularly shown and described wth reference
to the preferred enbodi nents thereof, it will be
understood by those skilled in the art that various
changes in formand details nay be nmade w t hout
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departing fromthe spirit and scope of the invention.
It is intended to cover various nodifications and
simlar arrangenents and procedures, and the scope of
the appended clains therefore should be accorded the
broadest interpretation so as to enconpass all such
nodi fi cations and simlar arrangenents and procedures.
27 What is claimed is: 1. A mask conprising: a
substrate having a first region, a second region and a
third region; said third region positioned between
said first region and said second regions; the
substrate has a first surface; a light reducing |ayer
over the substrate having a first opening over said
first region and a second openi ng over said second
region; the first opening and the second opening
having | ayer sidewalls; the sidewalls of said Iight
Ywrdhti¢d clginheyigr are slanted at an angle 1less than 90
degrees with the plane of the top surface of the
substrate. 2. The mask of claim 1l where the |ight
reduci ng | ayer is an opaque |layer. 3. The mask of
claim1l where the light reducing layer is a half tone
1 o @paskecompiisingask of claim 1 wherein |ight
transmtted through the first region and the second
region are about 180 degrees out of phase. 5. The mask

of claim 1 wheubstratel Giving aansintddien] d sscamahtelidh dnd'Sthird
|onh first hase shift and |ight transmtted

b A Bisd segion 8@?@9%@@ eeBcHid fitsth egion gRg seid sggend
rfe' 'ioﬂs Mwﬁasﬁlatéﬁaﬁﬂ?&%ﬁtrfaééo degrees fromthe second

phase shift. 6. The mask of claim1 wherein the
si dewal | s ofaéaahbrer:lugzng [aysd yentine supstrabe leaving a first opening

over said first region and a second opening over said second region; the first
opening and the second opening having layer sidewalls;
the sidewalls of said light reducing layer are slanted at an angle

less than 90 degrees with the plane of the top surface of the substrate.

2. The mask of claim 1 where the light reducing layer is an opaque layer.

3. The mask of claim 1 where the light reducing layer is a half tone layer.

4. The mask of claim 1 wherein light transmitted through the first region and the
second region are about 180 degrees out of phase.

5. The mask of claim 1 wherein light transmitted through the first region has a first
phase shift and light transmitted thru the second region has a second phase
shift; the first phase shift is about 180 degrees from the second phase shift.

6. The mask of claim 1 wherein the sidewalls of said light reducing layer are
slanted at an angle with the plane of the top surface of the substrate between 5
and 89 degrees.
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slanted at an angle with the plane of the top surface

of the substrate between 5 and 89 degrees. 28 7. The

mask of claim1 wherein the sidewalls of |ight

reduci ng | ayer are slanted at an angle with the plane

of the top surface of the substrate between 30 and 60
degrees. 8. The nmask of claim 1l wherein the sidewalls

of light reducing |ayer are essentially flat or

curved. 9. A mask conprising: a substrate having a

first region, a second region and a third region;

said third region positioned between said first region

and said second regions; the substrate has a first
surface; an opaque | ayer over the substrate having a

T.i Tre mapk of olgiroviewhersii thefdidestalisexfilight rmddciagdapandre slanted at
opening over.,said second reqgi.on; the first nin

arh phide UL RG e FEERHab SeGh bl subbErteRibagi g, and 60
t hgegredewal | s of said opaque | ayer are slanted at an

angle less_ than 90 degrees with the plane of the top ]
%-uﬂ?%@é‘sﬁpf Elrim dywagrelt be sidpwatisof ligBlkregpcippdayrroare essentially
whegielreyhjeght transmtted through the first region and

the second region are about 180 degrees out of phase.

11. The mask of claim9 wherein the light transmtted

thru the first region has a first phase shift and

light transmtted thru the second regi on has a second

phaseaskiiohiprisidege first phase shift is about 180
degrees fromthe second phase shift.

a substrate having a first region, a second region and a third
region; said third region positioned between said first region and said second
regions; the substrate has a first surface;

an opaque layer over the substrate having a first opening over
said first region and a second opening over said second region; the first opening
and the second opening having opaque layer sidewalls;

the sidewalls of said opaque layer are slanted at an angle less

than 80 degrees with the plane of the top surface of the substrate.

10. The mask of claim 9 wherein light transmitted through the first region and the

second region are about 180 degrees out of phase.

11. The mask of claim 9 wherein the light fransmitted thru the first region has a
first phase shift and light transmitted thru the second region has a second
phase shift; the first phase shift is about 180 degrees from the second phase
shift.
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29 12. The mask of claim9 wherein the sidewalls of
sai d opaque |layer are slanted at an angle with the

pl ane of the top surface of the substrate between 5
and 89 degrees. 13. The nask of claim9 wherein the
sidewal I s of said opaque |ayer are slanted at an
angle with the plane of the top surface of the
substrate between 30 and 60 degrees. 14. The mask of
claim9 wherein the first region conprises a first
trench. 15. The mask of claim9 wherein the first
region conprises a first trench and the second region
conprises a second trench. 16. The mask of claim?9
wherein the dinensions of the first and second
bhethangask of elagn Qaekprsinethp sideyyallsof gaid dpasietlayer are slanted at

¢ .
| et oAl B Ay b Top TIPS LR ARERS B s
ap@greee mask. 18. The ma_sk of claim9 where th_e first

S REDE of bl Sy T b o Pk et Sated a

t hgn aRgeusitt ﬂiﬁéq:ﬂarﬁé)é!ﬁthé to;§ sdaued bthefsubbfatkl Betlveen 30 and 60
trench. 19. The mask of claim9 wherein the mask is a

dud@greeench sl oped sidewal | chrone rrask. 20. The mask
of claim9 wherein the mask is a single trench phase
shift mask; and the first region has either a trench
.t Theaimask of tlamn §hvheseidehalfirst rogioa conubeusewta firbtr tedradh.

Lth, rou 1. _The mask of .cla
o p FPHREST e Bhein s bt prosSierises  frstirgion and the
angkcond region comprises a second trench.
16. The mask of claim 9 wherein the dimensions of the first and second openings

are biased smaller or larger from the initial design sizes.

17. The mask of claim 9 wherein the mask is a sloped sidewall chrome alternating
aperture mask.

18. The mask of claim 9 where the first region has a first trench; said first opening
in the opaque layer is only in bottom of the first trench; the opaque layer covers
sidewalls of the first trench.

19. The mask of claim 9 wherein the mask is a dual trench sloped sidewall chrome
mask.

20. The mask of claim 9 wherein the mask is a single trench phase shift mask; and
the first region has either a trench with about straight sidewalls or a undercut
trench with rounded sidewalls.

21. The mask of claim 9 wherein the mask is a dual trench phase shift mask; and
the first region and second region have undercut trenches with rounded
sidewalls.

22. The mask of claim 9 wherein the sidewalls of the opquage layer are curved.
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the first region and second regi on have under cut
trenches with rounded sidewalls. 22. The mask of
claim9 wherein the sidewalls of the opquage | ayer are
curved. 30 23. A nethod for form ng a mask
conprising: a) formng a |light reducing |ayer over a
substrate; (1) a substrate having a first region, a
second region and a third region; said third region
position between said first region and said second
regions; the substrate has a first surface; (2) said
light reducing |ayer has a first opening over said
first region and a second opening over said second
region; the first opening and the second opening
a%fﬁ\ﬁ&h@@fqnfgmmﬁ@dn@wgompweg si devvalls (a) the

sidewal I s | a sidewal |

angl e wi t??%ﬁﬁﬁ I alr%rglp‘%dl{(}f@téggpsodrg ace %?la%?

substrate; (the sbdeaiel hadng Iae‘:rsts rajmuta %bo@hﬁgég@ﬁ arhi)a third
formng a first trench in the first

the |ight redudBHEQN SPdLh E?&}\%{‘ P%S'??ﬁ rg@'d f"'St reglon and

si dewal | angle sdacﬁ§écdrﬂ%g%@15dﬁ‘@%%tra%as@ﬁrs’?@hﬁ@@e
of claim 23 wherein the Iight reducing layer is an

opaque | ayer(2) s lighthedusingdayesthasi aifist2apadieg ever sdia first
Iight reducing rle%ﬁmdsa & oﬁe | \?&%’esgahdﬁ; %ng Sion; the

met hod of claim eérein e Si
bet ween 30 and fB& op@ingearsd the second opening defined by light reducing

layer sidewalls;

(a) the sidewalls of said light reducing layer have a sidewall
angle with the plane of the top surface of the substrate;
the sidewall angle is about 90 degrees;

b) forming a first trench in the first region;
c) etching the light reducing layer sidewalls to make the sidewall angle
less than 90 degrees.
24. The method of claim 23 wherein the light reducing layer is an opaque layer.

25. The method of claim 23 wherein the light reducing layer is a half tone layer.

26. The method of claim 23 wherein the sidewall angle is between 30 and 60
degrees.

27. The method of claim 23 wherein said first trench extends under the opague
layer.

28. The method of claim 23 which further includes forming a second trench in said
second region,

29. The method of claim 23 which further includes forming a second trench in said
second region; said first trench and said second trenches extend under the

opaque layer.

31



27. The nmethod of claim 23 wherein said first trench
ext ends under the opaque |layer. 28. The nethod of
clai m 23 which further includes form ng a second
trench in said second region. 29. The nethod of claim
23 which further includes formng a second trench in
said second region; said first trench and said second
trenches extend under the opaque layer. 31 30. The
met hod of claim 23 which further includes formng the
first and second openings with open di nensions that
are biased smaller or larger fromthe initial design
sizes. 32

30. The method of claim 23 which further includes forming the first and second
openings with open dimensions that are biased smaller or larger from the initial

design sizes.
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