SYSTEM AND METHOD FOR PROCESSING MASKS WITH OBLIQUE FEATURES BACKGROUND
[0001] The present disclosure relates generally to semiconductor manufacturing operations, and more
particularly to an improved method and system for making photo masks with oblique features to be
used in a photolithography process. [0002] Modern microelectronic devices are commonly produced
using a photolithographic process to imprint circuit designs on a wafer substrate. In this process, a
semiconductor wafer is first coated with a layer of photoresist. This photoresist layer is then exposed
to illuminating light with a photomask image (for simplicity, the terms photomask, mask, and reticle will
be used interchangeably and with equivalency) and subsequently developed. After the development,
the patterned photoresist produces an image of the mask on the wafer. Thereafter, the uppermost
layer of the wafer is etched,féir'l%olanted or othervvis?%orocessed and the remainin stis
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patterned layers. As such, the quality of the maskg AreUmRpsSrtant because it is directly related to the
guality of the circuits because the accurate conversion from the circuit design to the semiconductor
wafer only happens when there is a quality set of masks. [0003] In the past, for various reasons

including consigesatiog fonanalisy

[0001] The present disclosure relates generally to semiconductor
manufacturing operations, and more particularly to an improved method and
system for making photo masks with oblique features to be used in a

photolithography process.

[0002] Modern microelectronic devices are commonly produced using a
photolithographic process to imprint circuit designs on a wafer substrate. In this
process, a semiconductor wafer is first coated with a layer of photoresist. This
photoresist layer is then exposed to illuminating light with a photomask image
(for simplicity, the terms photomask, mask, and reticle will be used
interchangeably and with equivalency) and subsequently developed. After the
development, the patterned photoresist produces an image of the mask on the
wafer. Thereafter, the uppermost layer of the wafer is etched, implanted or
otherwise processed, and the remaining photoresist is stripped. For multilayer
wafers, the above procedure is then repeated to produce subsequent patterned
layers. As such, the quality of the masks are important because it is directly
related to the quality of the circuits because the accurate conversion from the
circuit design to the semiconductor wafer only happens when there is a quality

set of masks.

[0003] In the past, for various reasons including consideration for quality
control, circuits have been designed to have only horizontal and vertical lines so

that they are easy to be produced on wafers. Consequently, there are largely
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control, circuits have been designed to have only horizontal and vertical lines so that they are easy to
be produced on wafers. Consequently, there are largely 1 horizontal and vertical lines on the masks.
As the circuits are shrunk smaller and smaller, the space on each die of the wafer becomes precious.
It is now sometimes desirable to have oblique lines to make connections than using vertical and
horizontal lines for the same purpose. Although it is not much trouble to use oblique orientation to
layout semiconductor integrated circuits on the design in order to be efficient with the cell size, it s,
however, difficult to produce these oblique lines on masks as all the existing mask-making machines
are designed for crafting vertical and horizontal lines with critical precision on the mask. [0004] Figure
1 illustrates a top view oflrf;ﬁ‘)ical mask writer system 100. Since only vertical and horizontal lines are

expected to be hpsEgsal anmasktiseddaanm dheaxickoldey oacHruHe Masktalsmallenasidnk mask
or mask or retig}ﬁﬁ%ﬁ?&%@% Shighyis el Wet%fgﬁﬁgé(&%%};rgé’o@? qll;degigned to be

accurately aligned in both the horizontal reference direction (or X direction) and the vertical reference

direction (or Y diventiomesTdesaligintehtaofethbiguedmps henis loanope edoons ghsmedsbyzusing two
mirrors 108 andV:eL:I,Eg)C S‘i’f'%%“ﬁﬁﬂ'zi%ﬁsfﬁ an )f(oinéﬁgggonéetlelr 1&52 ar‘&(;]ﬁ%(oilr}te‘l{fﬁrl()rlqur 1% . In this
conventional conﬁgura?ion, emask nofder’1o498 s%]lloq’y FR& o the hask's age 1020 that when
the mask stageti® abgnec, eveblthingozise istRina@lignact Ondecaliinadr integrated circuits on

the design in order to be efficient with the cell size, it is, however, difficult to

produce these oblique lines on masks as all the existing mask-making machines

are designed for crafting vertical and horizontal lines with critical precision on

the mask.

[0004] Figure 1 illustrates a top view of a typical mask writer system 100.
Since only vertical and horizontal lines are expected to be produced, a mask
stage 102, a mask holder 104 on the mask stage, and a blank mask or mask or
reticle substrate 106, which is held by the mask holder 104, are all designed to be
accurately aligned in both the horizontal reference direction (or X direction) and
the vertical reference direction (or Y direction). The alignment of these
components can be accomplished by using two mirrors 108 and 110 reflecting
lights to an X interferometer 112 and Y interferometer 114. In this conventional
configuration, the mask holder 104 is solidly fixed on the mask stage 102 so that
when the mask stage is aligned, everything else is also aligned. Once aligned,
the mask writer 100 can craft mask pattern 116 on the blank mask as desired.
The mask patterns such as the pattern 116 in Figure 1 may contain oblique

features such as oblique lines with respect to the X-Y alignment configuration.

[0005] Figures 2A-2C illustrate how conventional mask writers handle the
oblique lines. Most mask writers handle such oblique lines by combining small
oblique patterns together instead of using a large continuous area. For example,
as shown in Figure 2A, an oblique line 200 is formed by numerous triangles 202.
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the mask writer 100 can craft mask pattern 116 on the blank mask as desired. The mask patterns
such as the pattern 116 in Figure 1 may contain oblique features such as oblique lines with respect to
the X-Y alignment configuration. [0005] Figures 2A-2C illustrate how conventional mask writers handle
the oblique lines. Most mask writers handle such oblique lines by combining small oblique patterns
together instead of using a large continuous area. For example, as shown in Figure 2A, an oblique
line 200 is formed by numerous triangles 202. 2 As shown in Figures 2B and 2C, the connection
between an oblique line 204 and a horizontal line 206 (or vertical line) can be done by overlapping
these two entities or by adding a third oblique entity such as a triangle 208 in between. Since crafting
any oblique entity is time consuming, the throughput of the mask writer and the pattern fidelity of the

produced pattefheiRoeydtivés) iiepakiend [BEo8]Furmestior Lanesdue b insAdraeRihendols
requiring dimengion, ;MeasHiemsHk @FJ&QIH&?@IJ‘E%E?BE'8&#%%%&?&1%%%@5%8@@%6’ these tools

include metrology tools like CDSEM, optical measurement microscopes, inspection tools, mask
repair tools, anémntisisk vehficadidimgolhiitheldimeneioits swithinssarbmayeghd 20650 detties are

evaluated by either scanning an e-g am or optical spot across. J0007] Even aft mask is
oroduced, who BT T AR e S S B R g
parameters of theiask gatief ttepl¢rlidnytedith éprekareg|paaorAairalisgage SintiptiordAIMS) tool
uses a

[0006] Further, for semiconductor manufacturing tools requiring dimension
measurement, the feature of interest is placed vertically. For example, these tools
include metrology tools like CDSEM, optical measurement microscopes, mask
inspection tools, mask repair tools, and mask verification tools. The dimensions
within a range of cross sections are evaluated by either scanning an e-beam or an

optical spot across.

[0007] Even after a mask is produced, when verifying the quality of the mask,
a typical mask verification tool mimics imaging parameters of the mask pattern
replication tools. For example, an Aerial Image Simulation (AIMS) tool uses a
small field lens having the equivalent numerical aperture together with the same
wavelength and illumination condition of the actual wafer-imaging tool that will
replicate the mask pattern on wafers. The aerial image from the AIMS tool is
examined for critical dimension (CD) control, bridging or breaking. It is
understood that if the feature of interest is placed obliquely instead of vertically
or horizontally, the measurement is less accurate and more time consuming in
view of the fact that the measuring and scanning grids of these tools are all
vertically and horizontally oriented. Similarly, the observation and pattern-
modification functions in mask repair tools also prefer horizontal and vertical

patterns for assuring better accuracy.



small field lens having the equivalent numerical aperture together with the same wavelength and
illumination condition of the actual wafer-imaging tool that will replicate the mask pattern on wafers.
The aerial image from the AIMS tool is examined for critical dimension (CD) control, bridging or
breaking. It is understood that if the feature of interest is placed obliquely instead of vertically or
horizontally, the measurement is less accurate and more time consuming in view of the fact that the
measuring and scanning grids of these tools are all vertically and horizontally oriented. Similarly, the
observation and pattern- modification functions in mask repair tools also prefer horizontal and vertical
patterns for assuring better accuracy. 3 [0008] Because of the tool limitations, most layout patterns are
oriented in horizontal or vertical reference directions. At the very least, all critical patterns are oriented
as such. Only pattd@f9%¥Besaxsg effensiohliratalionedioshéavpibelieorente erientesipeen a

difficult task to ?(&%%Q!i%&%i‘%@aﬁ’%‘l%%ﬁ@dﬂ&%s.[0&9&1&44@?2 Al tatel gﬁ&&?ﬁ?d method

and system for producing oblique patterns while still maintaining the pattern dimension accuracy so
that the produced mraskednbebe dinlggmitomdudtorlmadudacteniFigroparalionee SOMKARY [0010]
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e
a mask.

[0009] What is needed is an improved method and system for producing
oblique patterns while still maintaining the pattern dimension accuracy so that

the produced mask can be used in semiconductor manufacturing operations.

SUMMARY

[0010] A method and system is disclosed for processing one or more oblique
features on a mask or reticle substrate. After aligning the mask or reticle
substrate with a predetermined reference system, an offset angle of a feature to
be processed on the mask or reticle substrate with regard to either the horizontal
or vertical reference direction of the predetermined reference system is
determined. The mask or reticle substrate is rotated in a predetermined direction
by the offset angle; and the feature on the mask or reticle substrate is processed
using the predetermined reference system wherein the feature is processed in

either the horizontal or vertical reference direction thereof.

[0011] The present disclosure provides an improved method for providing an
effective mask processing method dealing with oblique features. Various
benefits are achieved over conventional approaches. For instance, the accuracy
for critical oblique patterns is maintained during the mask processing.
Moreover, the throughput for a mask processing system is not necessarily

hindered by the need for fabricating, examining or otherwise processing oblique
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substrate with a predetermined reference system, an offset angle of a feature to be processed on the
mask or reticle substrate with regard to either the horizontal or vertical reference direction of the
predetermined reference system is determined. The mask or reticle substrate is rotated in a
predetermined direction by the offset angle; and the feature on the mask or reticle substrate is
processed using the predetermined reference system wherein the feature is processed in either the
horizontal or vertical reference direction thereof. [0011] The present disclosure provides an improved
method for providing an effective mask processing method dealing with oblique features. Various
benefits are achieved over conventional approaches. For instance, the accuracy for critical oblique
patterns is maintained during the mask processing. Moreover, the throu%hput for a mask processing

system is not nEEESIARRI ARG AT B Ih & §eBaTO PFASHEHRELYSIA ofestigamwedprocessing
oblique 4 criticglyp; SIS emgigﬁggrggggg,gw%e}ﬁ@gme for designs with oblique critical

patterns is not negatively impacted. [0012] TheSe and other aspects and advantages will become

apparent from the following detailed description, taken in conjunction with the accompanying
drawings, illustratindB\2WEieee ardrpetRennstciles e atidrss ySlrbesmIE AIPR SORIPTION OF

THE DRAWINGE 04 3HFIAUC hllisuale A5 AndREs WA YEr IR e ATph ivgirate

conventional methods for crafting oblique
drawings, illustrating by way of example the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 illustrate a standard mask writer.

[0014] Figure 2A-2C illustrate conventional methods for crafting oblique

features in a mask.

[0015] Figure 3A illustrates a mask pattern containing critical oblique

connecting lines and less critical vertical and horizontal lines.

[0016] Figure 3B illustrates the mask pattern of Figure 3A after the mask

substrate is rotated according to one example of the present disclosure.

[0017] Figure 4A illustrates expected oblique features to be crafted on a

horizontally and vertically aligned mask substrate.

[0018] Figure 4B illustrates a method for crafting the oblique features by

rotating the mask substrate according to one example of the present disclosure.

[0019] Figure 4C illustrates an improved mask making tool for crafting the
oblique features by rotating the mask substrate with an orientation monitoring

system according to one example of the present disclosure.



features in a mask. [0015] Figure 3A illustrates a mask pattern containing critical oblique connecting
lines and less critical vertical and horizontal lines. [0016] Figure 3B illustrates the mask pattern of
Figure 3A after the mask substrate is rotated according to one example of the present disclosure.
[0017] Figure 4A illustrates expected oblique features to be crafted on a horizontally and vertically
aligned mask substrate. [0018] Figure 4B illustrates a method for crafting the oblique features by
rotating the mask substrate according to one example of the present disclosure. [0019] Figure 4C
illustrates an improved mask making tool for crafting the oblique features by rotating the mask
substrate with an orientation monitoring system according to one example of the present disclosure. 5
DESCRIPTION [0020] A method and system is disclosed for processing masks or reticles with
oblique features for semiconductor manufacturing purposes. Although the present disclosure is
presented largely in the context of making a mask, it is understood by one skilled in the art that the

general concepb%#ﬁgﬁ)r examining, verifying, repairing, or modifying the mask. [0021] By
selectively rotating a mask substrate, while maintaining regular configurations of a mask processing

system such as a mask writer system, the oblique features are processed on the mask substrate. The
term "oblique” meak$920] A method and system is disclosed for processing masks or reticles with

oblique features for semiconductor manufacturing purposes. Although the
present disclosure is presented largely in the context of making a mask, it is
understood by one skilled in the art that the general concept can be used for

examining, verifying, repairing, or modifying the mask.

[0021] By selectively rotating a mask substrate, while maintaining regular
configurations of a mask processing system such as a mask writer system, the
oblique features are processed on the mask substrate. The term "oblique" means
any line that is not perpendicular or parallel to an edge of a mask substrate. The
term “process” or “processing” in this context intends to include the meaning of
making, modifying, examining, verifying, repairing patterns on a mask, or any
other similar processing that requires to deal with patterns/features on the mask.
Throughout the disclosure, a horizontal-vertical reference system is described as
the one used by conventional mask processing systems, and it may be referred to
as the X-Y reference system. Similarly, the horizontal reference direction may be
referred to as the X direction, and the vertical reference direction the Y direction.
It is also understood that the X and Y directions are perpendicular to each other,
and they are, in a sense, interchangeable if the perspective of the viewer has
changed by 90 degrees. For the purpose of this disclosure, it is assumed that the
mask processing tools have clearly defined the X and Y directions. For example,
when one loads a blank mask on a mask writing system, there must be one side
of the blank mask that is aligned with the X direction. Further, moving

directions of a mask stage that holds the mask substrate can also defined the X-Y
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any line that is not perpendicular or parallel to an edge of a mask substrate. The term "process" or
"processing" in this context intends to include the meaning of making, modifying, examining, verifying,
repairing patterns on a mask, or any other similar processing that requires to deal with patterns/
features on the mask. Throughout the disclosure, a horizontal-vertical reference system is described
as the one used by conventional mask processing systems, and it may be referred to as the X-Y
reference system. Similarly, the horizontal reference direction may be referred to as the X direction,
and the vertical reference direction the Y direction. It is also understood that the X and Y directions
are perpendicular to each other, and they are, in a sense, interchangeable if the perspective of the
viewer has changed by 90 degrees. For the purpose of this disclosure, it is assumed that the mask
processing toolEeHIB eariearfihBis frdexeRag Sy URBLifoMIVEsTBRARTSIR PYWHEHBKe loads a blank

mask on a mas BHEEE%%EV{%SIESM& i og ﬂg?esoéatn%é’gﬁem%@gi‘éﬁ}ﬁa'&%%&@y with the X

direction. Further, moving directions of a mask stage that holds substrate carr also defined
the X-Y 6 refergnmoesysteom tfhieisvafeeirdrsystem is universally used by various processing tools so
that the design features can be precisely and accurately produced on the mask substrate. [0022] In

the SemiCO”dUCtorﬂﬁﬁ‘iﬁ%@tﬁ%@%ﬁﬂ@éﬁﬁﬁ%ﬁ&lﬁ'ﬁiﬁé& Shy ¥ RUSINASKMAAGLLQ0ls prefer

vertically and/or horizontally oriented patterns. Embe in many such mask making tools is an X-Y
reference systevarious mask making tools prefer vertically and/or horizontally oriented

patterns. Embedded in many such mask making tools is an X-Y reference system
that only allows lines perpendicular to each other to be produced or examined.
Due to this industry wide preference, most circuit designs have their most critical
features oriented in the X-Y directions, leaving only the less critical features to

have a little flexibility in orientation.

[0023] As the technology advances, in some circuit designs, especially with
wiring layers, it is preferable to orient the critical connection lines obliquely,
most often in a 45 or 135 degree angle with respect to the horizontal or the
vertical reference direction. In this case, the dimensions of the vertical and

horizontal features may not be as critical as the obliquely positioned lines.

[0024] Figure 3 A illustrates a mask pattern 300 which has obliquely
positioned lines 302 with critical dimensions while vertical or horizontal lines 304
actually are allowed to have much less critical dimensions. Through the mask
pattern design files, it is possible to determine how much an offset angle there is
between the oblique line with regard to either the horizontal or vertical reference

direction. The offset angle is most often to be about 45 or 135 degrees.

[0025] The conventional mask writing methods as described in Figures 2A-2C
are not satisfactory due to the inaccuracy of the critical features and deficiency of
the mask making process. The present disclosure presents an improved writing

and/or measuring method for the oblique lines of the mask pattern by using the
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that only allows lines perpendicular to each other to be produced or examined. Due to this industry
wide preference, most circuit designs have their most critical features oriented in the X-Y directions,
leaving only the less critical features to have a little flexibility in orientation. [0023] As the technology
advances, in some circuit designs, especially with wiring layers, it is preferable to orient the critical
connection lines obliquely, most often in a 45 or 135 degree angle with respect to the horizontal or the
vertical reference direction. In this case, the dimensions of the vertical and horizontal features may not
be as critical as the obliquely positioned lines. [0024] Figure 3A illustrates a mask pattern 300 which
has obliquely positioned lines 302 with critical dimensions while vertical or horizontal lines 304
actually are allowed to have much less critical dimensions. Through the mask F%a@ttern design files, it is

possible to detéPriHEHBW thiAdnotrsds arighethssie iy 1sberrass isteBliqloREcatinneyat to either
the horizontal og VErGal releleRGh < AEeLOR o F RS IRELARYIE 1B MNATL QUH-ORE ANQUIHS or 135

degrees. [0025] The conventional mask writing methods as described in Figures 2A- are not
satisfactory duddattiresibacouraeytbéthe vrhtivdh featueetiahdedbficiency of the mask making process.
The present disclosure presents an improved writing and/or measuring method for the oblique lines of

the mask pattern byygs#q: e/ 3BRe st MaKN0 S WHORET ha% IRIGTG e Sy g™

Modifications will be madeto allow the rotation of a blank mask substrate so that the oblique
degrees so that the oblique lines in Figure 3A are now positioned either

horizontally or vertically. In this example, when the circuit pattern has critical
features lining up in the 45 and 135 degree directions as shown in Figure 2, the
mask substrate is processed with it being rotated by 45 degrees. More details are
described below for arranging the mask making tool to achieve the desired

result.

[0027] Figure 4A illustrates a top view of a mask making tool 400. Various
components of the mask making tool 400 is eliminated for simplifying the
illustration here. The mask making tool 400 has a mask stage 402, whose
position is fixed on the mask making tool 400, and a rotatable mask holder 404,
which holds a mask substrate or a blank mask 406. The mask stage itself defines
a predetermined reference system since it usually moves in either the vertical
(“Y”) or horizontal (“X”) direction. As such, the moving routes of the mask stage
define the X and Y reference directions of the reference system. The X and Y
directions in which the mask stage moves are maintained mechanically by high
precision rails, tracks, bearings, etc. The rotatable mask holder 404, on the other
side, can rotate the mask held to an offset angle from the X or Y direction of the
reference system. The mask making tool 400 also has an optical alignment
subsystem for sensing and aligning the position of the mask stage 402 with X and
Y interferometers 408 A and 408B. A light source such as a laser generator 410
generates a light to be bounced on a fixed mirror 412 and another mirror 414A
attached to the mask stage 402 by using a beam splitter 415. The interference of
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features become either horizontal or vertical features. [0026] Figure 3B illustrates the mask pattern
300 that has been rotated 90 degrees so that the oblique lines in Figure 3A are now positioned either
horizontally or vertically. In this example, when the circuit pattern has critical features lining up in the
45 and 135 degree directions as shown in Figure 2, the mask substrate is processed with it being
rotated by 45 degrees. More details are described below for arranging the mask making tool to
achieve the desired result. [0027] Figure 4A illustrates a top view of a mask making tool 400. Various
components of the mask making tool 400 is eliminated for simplifying the illustration here. The mask
making tool 400 has a mask stage 402, whose position is fixed on the mask making tool 400, and a
rotatable mask holder 404, which holds a mask substrate or a blank mask 406. The mask stage itself

defines a predéierharededligbhbeaysiern hapsamasddny arintestar dkAsothatacariiont) or
horizontal ("X") @ﬁBﬂ%ﬁﬁéﬂH&ﬁQ&egé%'QQaﬁ%ﬂft%a Oittigedaé‘é&dsiﬂgﬁh%?g”?énst?%e?%%&efefence

directions of the reference system. The'X and Y directions in which the mask stage moves are
maintained meéﬁéﬁ@aﬂﬁphymtghhpm@@mtargﬁé,oﬁafokshbéhmtgﬁem%eﬁtut@mbtmmask holder 404,

on the other S|de can rotat %slfqgei%%i) apelg)fflsceet(%ggc fronzpth[?l X or Y direction (%f the
reference system als'he mask mgcf P also has an op 1CAT angnment sﬁBsysfnm or sensing

and aligning themaBlisHedfM&mekaﬁgg@ﬂpas\mtmmﬂndio\ésmteffﬁt@ﬁytelﬁs pOBA@NthADBRA A light

source such as a laser generator 410
vice versa.

[0028] As shown in Figure 4A, a mask pattern 418 like the one in Figure 3A is
expected to be made on the mask substrate. There are also one or more position
marks 420 on the mask holder to keep track of the relative position between the
stage and pre-written patterns on the mask for registration of written patterns

between exposures in a multiple-exposure situation.

[0029] Figure 4B illustrates the same mask making tool 400 as in Figure 4A
except that the mask substrate 406 and the mask holder 404 are rotated towards
the left by 45 degrees. As shown, the mask stage 402 is not rotated and maintains
its position and alignment with respect to the X and Y interferometers. The mask
substrate 406 is rotated by rotating the mask holder 404, wherein its position
with regard to the mask holder is not changed at all. One or more fixed
mechanical stoppers 421 may be built on the mask stage so that the mask holder
can be rotated to predetermined angles consistently. Since the design source for
the mask pattern 418 in Figure 4A can now be rotated to make the critical
features aligned with the X or Y directions, the end result is that the mask pattern
418 is created on the blank mask 406 as desired using the standard horizontal
and vertical line making processes. None of the methods illustrated in Figure

2A-2C will be needed.



generates a light to be bounced on a fixed mirror 412 and another mirror 414A attached to the mask
stage 402 by using a beam splitter 415. The interference of 8 the bounced light beams are then
sensed by a detector 416 so that the vertical position of the mask stage is evaluated. It is noticed that
there is another mirror 414B attached to the mask stage 402 for the X interferometer for position
measurement in the horizontal reference direction. Orthogonal movement is established when a
change of position in X does not change the position in Y and vice versa. [0028] As shown in Figure
4A, a mask pattern 418 like the one in Figure 3A is expected to be made on the mask substrate.
There are also one or more position marks 420 on the mask holder to keep track of the relative
position between the star%e and pre-written patterns on the mask for registration of written patterns

between exposuredd3QHuRpIEApbihrawtlatiohs fode ) mipies Asbpistanaditisame mask
making tool 40Q,as, i Rigyre, 44, LACERLINHINGMARK SUBSURIR 406 0% NS BIask Rplder 404 are

rotated towards the left by 45 degrees."As shown, the mask stage 402 is not rotated and maintains its
position and aligmedinwith tbspeaskentadiXgabilite fdvaneforershe Ipositask nsobstrait@z406 is rotated

by rotating the mask holder 404, wherein.its position . with.regard to the. ma Idey is not changed at
. One o1 mor S s M A ST pb L BB el S e BN e bad AL S de P
holder can be thiajesiidopreseteritnedeatigit acdhrisientiial piosieidne. design source for

[0031] Figure 4C illustrates the mask making tool 400 with an orientation
monitoring subsystem according to one example of the present disclosure. It
would be most flexible when the orientation of the mask substrate 406 can be
changed in the mask making process. This can be done by using the mask holder
404 with a mask substrate orientation monitoring subsystem such as an
orientation monitoring beam generator 422, an orientation monitoring mirror 424
attached to the mask holder 404, and an orientation detector 426. Through the
orientation monitoring beam reflection on the orientation monitoring mirror 424,
the detector 426 can detect whether the mask holder 404 has be aligned to a
desired angle. In addition, one or more position marks 428 can be put on the
holder and/or mask substrate to allow the mask writing tool 400 to track the

settled position of the mask substrate after each reposition.

[0032] With an appropriately designed orientation monitoring subsystem, the
mask holder can be rotated to any position desired as long as the offset angle is
determined, the angle being defined by the oblique line and either the horizontal
or vertical reference direction of the reference system of the mask making tool.
As such, any oblique features on a desired mask can be generated by the mask
making tool using the standard processes only by rotating the mask substrate on

the mask stage.
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the mask pattern 418 in Figure 4A can now be rotated to make the critical features aligned with the X
or Y directions, the end result is that the mask pattern 418 is created on the blank mask 406 as
desired using the standard horizontal and vertical line making processes. None of the methods
illustrated in Figure 2A-2C will be needed. 9 [00301 Even though the mask substrate is rotated to be
in an oblique orientation, the mask stage 402 still moves in vertical and horizontal reference
directions in the mask-making tool 400. Therefore, the position monitoring device such as the mirror
for the laser interferometers 412 and 414A-B remains in the position to monitor vertical and horizontal
positions. [00311 Figure 4C illustrates the mask making tool 400 with an orientation monitoring
subsystem according to one example of the present disclosure. It would be most flexible when the

orientation of the mASRYUBktakesaDbiBaRE RRENGEErRad e brasdmamg Hrseeys Immeora be done
by using the maskigleles, %%%’&Bg A SHOBUALE I ?Sééélﬁﬂg‘lﬂeﬁ%ﬁ‘aé&iﬁ?g%ﬁw S'HEHS;%S an
ring mirror 424 ~attached to th

orientation monitoring beam generator 422, an orientation monit e mask
holder 404, andeatwdentationuebeotefitd 26¢ Thhaerghltheeocienvatisionad aippringdbeantreflection on the

orientation monlil'%%;;icr}‘gcmlrr%424 thef\ gtetectﬁr Iﬁgl@ican detect \M‘l(ether the mask oldfsrb 04 has be
a ar

aligned to a desiret %glllé. i 588Fﬁén, one or moren&%{t?gﬁsﬁﬁ K408 85N 15 |C3rd 'oh the'hiider

and/or mask supstteitastis allaim thieedadkrivigitie: toakkdkitraeidaess. Moreover, the
throughput for the mask making process is not necessarily hindered by the need
for fabricating oblique critical patterns. As such, the mask making cycle time for
designs with oblique critical patterns is not negatively impacted. These benefits
equally apply to other mask processing systems that have to deal with oblique

features.

[0034] The above disclosure provides many different embodiments, or
examples, for implementing different features of the invention. Specific
examples of components, and processes are described to help clarify the
invention. These are, of course, merely examples and are not intended to limit

the invention from that described in the claims.

[0035] While the invention has been particularly shown and described with
reference to the preferred embodiment thereof, it will be understood by those
skilled in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the invention, as set forth in the

following claims.
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settled position of the mask substrate after each reposition. [00321 With an appropriately designed
orientation monitoring subsystem, the mask holder can be rotated to any position desired as long as
the offset angle is determined, the angle being defined by the oblique line and either the horizontal or
vertical reference direction of the reference system of the mask making tool. As such, any oblique
features on a desired mask can be generated by the mask making tool using the standard processes
only by rotating the mask substrate on the mask stage. 10 [0033] The present invention as described
above thus provides an improved method for providing an effective mask processing method dealing
with oblique features. Various benefits are achieved over conventional approaches. For instance, in
the context of mask making process, the accuracy for critical oblique patterns is maintained during the
mask making pMy&tad. Rﬁm%lﬁiroughput for the mask making process is not necessarily
hindered by the need for fabricating oblique critical patterns. As such, the mask making cycle time for
designs with oblique critical patterns is not negatively impacted. These benefits equally apply to other
mask processing systéms thét Faiead aariresebIR0ae fearnpss Jobaas fadlHss 08 distiesie

provides many {jéﬁ@f@%ﬁgﬂt&(?g,i@Pl%%t%c%gmr?l@sﬁnf r implementing different features of the

invention. Specific examples of components, and processes are described to help clarify the

aligning the mask or reticle substrate with a predetermined reference
system,

determining an offset angle of a feature to be processed on the mask or
reticle substrate with regard to either a first reference direction or a second
reference direction perpendicular to the first reference direction of the

predetermined reference system;

rotating the mask or reticle substrate in a predetermined direction by the

offset angle; and

processing the feature on the mask or reticle substrate according to the
predetermined reference system wherein the feature is processed in either the

horizontal or vertical reference direction thereof.

2. The method of claim 1 the aligning further includes positioning the
mask or reticle substrate on a mask holder, the mask holder being on a mask

stage of a mask processing tool.

3. The method of claim 2 wherein the predetermined reference system

is defined by moving directions of the mask stage.
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invention. These are, of course, merely examples and are not intended to limit the invention from that
described in the claims. [0035] While the invention has been particularly shown and described with
reference to the preferred embodiment thereof, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit and scope of
the invention, as set forth in the following claims. 11 WHAT IS CLAIMED IS: 1. A method for
processing one or more oblique features on a mask or reticle substrate, the method comprising:
aligning the mask or reticle substrate with a predetermined reference system; determining an offset
angle of a feature to be processed on the mask or reticle substrate with regard to either a first
reference direction or a second reference direction perpendicular to the first reference direction of the
predetermined reference system; rotating the mask or reticle substrate in a predetermined direction by
the offset angle; and processing the feature on the mask or reticle substrate according to the

predetermined reference systgwwheieindhadsapreneRigoesseildmeithere iherzratal or vertical
reference direction thereof.
rotating the aligned mask holder by the offset angle.

5. The method of claim 2 wherein the rotating further includes using

one or more stoppers on the mask stage for stopping the mask holder.

6. The method of claim 1 wherein the processing further includes

forming or repairing the feature on the mask or reticle substrate.

7. The method of claim 1 wherein the processing further includes

inspecting or verifying the feature on the mask or reticle substrate.

8. The method of claim 1 wherein the offset angle is about 45 degrees

from either the first or second reference direction.

9. A mask processing system comprising:

means for receiving a mask or reticle substrate according to a

predetermined reference system;

means for determining an offset angle of a feature to be processed on the
13



2. The method of claim 1 the aligning further includes positioning the mask or reticle substrate on a
mask holder, the mask holder being on a mask stage of a mask processing tool. 3. The method of
claim 2 wherein the predetermined reference system is defined by moving directions of the mask
stage. 12 4. The method of claim 2 wherein the rotating further includes rotating the aligned mask
holder by the offset angle. 5. The method of claim 2 wherein the rotating further includes using one or
more stoppers on the mask stage for stopping the mask holder. 6. The method of claim 1 wherein the
processing further includes forming or repairing the feature on the mask or reticle substrate. 7. The
method of claim 1 wherein the processing further includes inspecting or verifying the feature on the
mask or reticle substrate. 8. The method of claim 1 wherein the offset angle is about 45 degrees from

either the first dn3sksHd ¢Eifdeshbs tafrectioh weanddeieisheeadaniizeydtd or curtinairRferaeans for
receiving a mask Qr.reficle: ﬁq@g&f@&g@ﬁgﬁﬁ%@gé&@&@%@ined reference system; means for

determining an offset angle of & feature to be processed-on thé 13 mask or reticle substrate with

regard to either a horizontal or vertical reference
means for rotating the mask or reticle substrate in a predetermined

direction by the offset angle; and

means for processing the feature on the mask or reticle substrate
according to the predetermined reference system wherein the feature is

processed in either the horizontal or vertical reference direction thereof.

10.  The processing system of claim 9 is a mask writing or repairing tool.

11.  The processing system of claim 9 is a metrology tool, a verification

tool, or an inspection tool.

12.  The processing system of claim 9 wherein the means for rotating

further includes a rotatable mask holder.

13.  The processing system of claim 9 wherein the means for receiving
further includes a mask stage whose moving directions define the predetermined

reference system.

14



direction of the predetermined reference system; means for rotating the mask or reticle substrate in a
predetermined direction by the offset angle; and means for processing the feature on the mask or
reticle substrate according to the predetermined reference system wherein the feature is processed
in either the horizontal or vertical reference direction thereof. 10. The processing system of claim 9 is a
mask writing or repairing tool. 11. The processing system of claim 9 is a metrology tool, a verification
tool, or an inspection tool. 12. The processing system of claim 9 wherein the means for rotating further
includes a rotatable mask holder. 13. The processing system of claim 9 wherein the means for
receiving further includes a mask stage whose moving directions define the predetermined reference
system. 14 14. The processing system of claim 9 further comprising a mask or reticle substrate
orientation monitoring kibsyst RESHAIEDFY R ERep SR dH e SR TEfeBaDs Rate. 15. The

processing system of Qa2 WAL G IHSRIBRAS 5 BAPUEAIHSAIRRHWH ’EEQ%&M&FBW the

horizontal or vertical reference direction. 16. A method for processing one or more oblique features on
a mask or retictbesuleskate¢hielerathettatemprising:

15.  The processing system of claim 9 wherein the offset angle is about

45 degrees with regard to either the horizontal or vertical reference direction.

16. A method for processing one or more oblique features on a mask or

reticle substrate, the method comprising:

positioning the mask or reticle substrate on a rotatable mask holder on a
mask stage;

aligning the mask or reticle substrate with a predetermined reference
system defined by moving directions of the mask stage so that at least one side of
the mask or reticle substrate is in a horizontal reference direction of the reference

system,

determining a first offset angle of a first feature to be processed on the
mask or reticle substrate with regard to either the horizontal or vertical reference

direction of the predetermined reference system;

rotating the mask holder in a predetermined direction by the first offset

angle; and

processing the first feature on the mask or reticle substrate according to
the predetermined reference system wherein the first feature is processed in

either the horizontal or vertical reference direction thereof.

15



positioning the mask or reticle substrate on a rotatable mask holder on a mask stage; aligning the
mask or reticle substrate with a predetermined reference system defined by moving directions of the
mask stage so that at least one side of the mask or reticle substrate is in a horizontal reference
direction of the reference system; determining a first offset angle of a first feature to be processed on
the mask or reticle substrate with regard to either the horizontal or vertical reference direction of the
predetermined reference system; rotating the mask holder in a predetermined direction by the first
offset angle; and processing the first feature on the mask or reticle substrate according to the
predetermined reference system wherein the first feature is processed in either the horizontal or
vertical reference direction thereof. 15 17. The method of claim 16 further comprising: determining a
second offset angle of a second feature to be processed on the mask or reticle substrate with regard
to either the horizontal or vertical reference direction of the predetermined reference system; rotating

the mask holder to a dﬁsiredm{mmwﬁﬂmmmm%@mﬁg; offset angles; and processing
the feature on the mask or reticle substrate according to the

determining a second offset angle of a second feature to be processed on
the mask or reticle substrate with regard to either the horizontal or vertical

reference direction of the predetermined reference system;

rotating the mask holder to a desired orientation based on the first and

second offset angles; and

processing the feature on the mask or reticle substrate according to the
predetermined reference system wherein the second feature is processed in

either the horizontal or vertical reference direction thereof.

18.  The method of claim 16 further comprising monitoring the position

of the mask or reticle substrate according to the predetermined reference system.

19.  The method of claim 16 wherein the rotating further includes
rotating the mask holder by using one or more mechanical stoppers on the mask

stage.

20.  The method of claim 16 wherein the rotating further includes

rotating the mask holder by using an optical position monitoring subsystem.
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predetermined reference system wherein the second feature is processed in either the horizontal or
vertical reference direction thereof. 18. The method of claim 16 further comprising monitoring the
position of the mask or reticle substrate according to the predetermined reference system. 19. The
method of claim 16 wherein the rotating further includes rotating the mask holder by using one or
more mechanical stoppers on the mask stage. 20. The method of claim 16 wherein the rotating further
includes rotating the mask holder by using an optical position monitoring subsystem. 16 21. A mask
processing system comprising: a mask stage for aligning a mask or reticle substrate wherein one side
of the mask or reticle substrate is parallel to a horizontal reference direction of a predetermined
reference system; a processing module for determining an offset angle of a feature to be processed
on the mask or reticle Zubstrété\itk PEQERTFIBEHFEEEMBRZISHES or vertical reference direction; a
mask holder for rotating the mask or reticle substrate in a predetermined direction by the offset angle;
a mask or reticle substrate grientation monitoring suhsystem for r’gonitoringjj“the_position of the mask or

reticle substrate; and 4 Ak 3 iR FROMRR ARSI RG THECT SHRRIFAIMET FAFRENESLJER

the mask or reticle substrate is parallel to a horizontal reference direction of a

predetermined reference system;

a processing module for determining an offset angle of a feature to be
processed on the mask or reticle substrate with regard to either the horizontal or

vertical reference direction;

a mask holder for rotating the mask or reticle substrate in a predetermined

direction by the offset angle;

a mask or reticle substrate orientation monitoring subsystem for

monitoring the position of the mask or reticle substrate; and

a mask processing module utilizing the predetermined reference system
for processing the feature on the mask or reticle substrate wherein the feature is

processed in either the horizontal or vertical reference direction.

22.  The processing system of claim 21 wherein the mask processing

module is a mask writing or repairing tool.

23.  The processing system of claim 21 wherein the mask processing

module is a metrology tool, a verification tool, or an inspection tool.
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for processing the feature on the mask or reticle substrate wherein the feature is processed in either
the horizontal or vertical reference direction. 22. The processing system of claim 21 wherein the mask
processing module is a mask writing or repairing tool. 23. The processing system of claim 21 wherein
the mask processing module is a metrology tool, a verification tool, or an inspection tool. 17 24. The
processing system of claim 21 wherein the mask stage further includes one or more orientation
monitoring subsystem for aligning the mask stage according to the horizontal or vertical reference
direction. 25. The processing system of claim 21 wherein the offset angle is about 45 degrees with
regard to either the horizontal or vertical reference direction. 18

24.  The processing system of claim 21 wherein the mask stage further
includes one or more orientation monitoring subsystem for aligning the mask

stage according to the horizontal or vertical reference direction.

25.  The processing system of claim 21 wherein the offset angle is about

45 degrees with regard to either the horizontal or vertical reference direction.
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