SYSTEM AND METHOD FOR PROCESSI NG MASKS W TH OBLI QUE FEATURES
BACKGROUND [ 0001] The present disclosure relates generally to

sem conduct or rmanufacturing operations, and nore particularly to an
i nproved nethod and system for maki ng photo masks with oblique
features to be used in a photolithography process. [0002] Mdern

m croel ectronic devices are commonly produced using a

phot ol i t hographi c process to inprint circuit designs on a wafer
substrate. In this process, a sem conductor wafer is first coated
with a layer of photoresist. This photoresist |layer is then exposed
toillumnating light with a photomask image (for sinplicity, the

ternms phot onas .and reticle wll be used _interchangeably and
w thequr val end T ARBOMET P Ok R RESS G AR SRV HEVaPLIRER:
the patterned photoresist produces arpgAPgReQf the mask on the

waf er. Thereafter, the uppernost |ayer of the wafer is etched,
i npl anted or otherw se processed, and the remaini ng photoresist is

stripped. For i waf ers, the above procedure is then
repeated to 6%%%5%%h2§§§%quent patterned |ayers. As such, the

quality of the masks are inportant because it is directly related to
the quality of {0§@1kciheqresant disclyure telrdesgrreralydo semicondinoor f rom t he

circuit design ta the sem conductor wafer . only happens when there is
2 quality  sGt*BHeTHERE CPERTGS T TR RHEEUIaTig/S Gh BTy oF dagbrd and

i ncl udi ng conghEey @k hkidOphe dhddk¥ wit OB Rle fedthF3 Wb b ubayse peen

desi gned to have only horizontal and vertical lines so that they are

easy to be prdetdébograrhsbercsss.Consequent |y, there are largely 1
[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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hori zontal and vertical lines on the masks. As the circuits are
shrunk smaller and snmaller, the space on each die of the wafer
becones precious. It is now sonetines desirable to have oblique
lines to nake connections than using vertical and horizontal |ines
for the sane purpose. Although it is not nmuch trouble to use oblique
orientation to |layout sem conductor integrated circuits on the
design in order to be efficient with the cell size, it is, however,
difficult to produce these oblique |ines on nasks as all the

exi sting mask-neking machines are designed for crafting vertical and
horizontal lines with critical precision on the mask. [0004] Figure
1 illustrat eshoalzp@tﬂl@néwemcahhnemhdhﬁ mpgkk A thesircgiysargshnotk smaglenged

only vertica rlzontal i cted to be duced, a
ek Vot e roae LSRN R cach QRS NE L RIRBEL el Setul BRIES
mask or mask samenhﬁtsld@b@ats@hﬁhéxaet&ﬂﬁ%hn@b&ocrhakécda@lle@lﬁdaé thA€ ubmgk

hol der 104, are all designed to be ‘accurately aligned in both The

hori zont al r &feslicahard aprlé@mﬁabwe(sd@r ﬂ@e&ﬁﬁ@dﬂrpﬂﬁ)e avlthoughét ig ept inggh
reference di & blé) ) L(ls%ro ﬁq/qd%] f;?.ggl)l 1o Th{%u?s rbc? tctqﬂ'dg%egﬁ%eqilécmts on

corrponents can e acconplli usl ng

reflecting Ithghesigh & artleXtd Bé @fﬁf:leﬁﬂw&hehe &él?s@é’lﬂ i3 hoe@bd, QIfOFEE &)
114. In this conventional configuration, the mask hol der 104 is

solidly fixedroducefbesseilioediges snmasks anall them@ﬁng wsﬁm«k@g ay@hms
al ' g ned, eve a¥é Héﬁgneec{ é)? igl‘a%tl{% §Qrt1%% %ﬁelgdr%zl?&?q hne gfnf?l CE“1531 pd‘%(’sl.lfal(l;)% 8n

writer 100 can cra ern bk
The mask pat ttee amsBUCh as the pattern 116 in Figure 1 may contain
oblique features such as oblique Iines wWith respect to the X-Y

al i gnment confl [ﬂ ﬁ%% F| res 2A-2C illustrate how

convent i onal @iﬂ%‘éﬁesl usithtes ‘11 V‘SWI qpf\&déplrfﬁlr{@%s K Wity sysfew 100.

writers hand'S%ac%%II'y 9bltcAURd otk HFIRIUPEEIR be pORLEAE mask

patterns together instead of using a large c ntlnuous area. For

exanpl e, 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 illusirate 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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as shown in Figure 2A, an oblique line 200 is forned by nunerous
triangles 202. 2 As shown in Figures 2B and 2C, the connection

bet ween an oblique line 204 and a horizontal |ine 206 (or vertical

| ine) 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 tinme consum ng, the throughput of the
mask witer and the pattern fidelity of the produced pattern are
negatively inpacted. [0006] Further, for sem conductor nanufacturing
tools requiring dinmension nmeasurenent, the feature of interest is
pl aced vertically. For exanple, these tools include netrology tools
| i ke CDSEM ot sheayn iweligures #Brandri e tlsenpestionbetiveen as peligiohng Y aad

mask repair tool s . verification tools. . The di nensi.ons

W Ehi ne o anga i EPSneeRt (¢rieete Baap R by e PSSR g an
e-beam or an en@ipikd &by 5@@1%%@&&9&%11{19@&7&%%&@1%@& t@d{ngle 708K Pefveen.
produced, when verifying the quality of the mask, a typical nask

verifi cati on Siogs craftimgeayiokbighe gniarafeespaswhinghtherthuivgbaut ef the mask
replication I .an rial, | e.Sinmulation (Al NS
P i s SRR RO AR R BT Bt B fRbrea.

tool uses a ing a
aperture together with the sane wavelength and illum nation
condi tion of th&o&eIHathenedbesemittuydmgot mahufahairing tobls req@pting afr@efdien

mask pattern on wafers. The aerial inmage framthe AIMS tool is

exami ned for BFHFTBF i ErRRETPL(eisfest BrRIFSH, vepisadiyi Agr srrHledRessgools
It is undersfaQde h@{ol%éy %BE.I&%@D‘?‘E[Q\/IPJI%%QI&E%eﬁm@nﬂhﬁ&?&%@%h&!ﬁ' y

i nstead of vertically hori zontal |y e measurement is

accur at e and ingpeetion fwlg omsknepgr tools, enéwmask vetiécdtacttobleaThe Hanensions
measuring and | Qanning ids of .these tools are all vertical]y and
hori zontal Iy B Aranse § TP HONT HE cEDLaITRY iheapdnpag a8y jocam or an
nDdification(ﬁy@ggbgp§xbghnask repair tools also prefer horizonta
and verti cal

[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.



patterns for assuring better accuracy. 3 [0008] Because of the tool
limtations, nost |ayout patterns are oriented in horizontal or
vertical reference directions. At the very least, all critical
patterns are oriented as such. Only patterns of rel axed di mension
are allowed to be obliquely oriented. It has been a difficult task
to craft oblique critical patterns on a mask. [0009] Wat is needed
is an inproved nethod and system for producing oblique patterns
while still maintaining the pattern dinmension accuracy so that the
produced nmask can be used in sem conductor manufacturing operations.
SUMVARY [ 0010] A nethod and systemis disclosed for processing one or
nore oblique f&¥08kResanse of theie! EmitaEens meoss laysut pritempptearieatddyini ng
t he mask or net| rate wth.a prede m ned reference system
an o fset _andaiZghE of HERA Ok frthosd B BORE AT OB e Bl RS SR

substrate wi tdie baigdted ab guei.t ORly pARrsfiréRREBHIm@Isiotedriabalved € BE €NCE
direction of the predeterm ned reference systemis determned. The

mask or reti ctbliqyalysrientes. iishasheghadliffisulf thekdgeralt ablimpi aiticelqatisms oy
the of fset anglg, and the feature on the mask or reticle substrate is
processed u5|ng]%he predeterm ned reference systemwherein the
feature is processed in either the horizontal or vertical reference
di rection ther etf009]¢04 i nEbdedis @admiprai esichehwdengrsyviedefor aroduamgpved
met hod for proyiding an f.fective mask processi ng nethod dealin

wi th oblique Plgpspese é(‘f%’i?&?h BRI G 1aF BAtiEREpERFigy agcuracy so that
convent i onal (RPRFRALDE InaskQhn b fEsentiBéh ALEY AGHufabREinG dpkt & Rhs.
oblique patterns is maintained during the mask processing.” "Moreover,
t he throughput for a nmask processing systemis not necessarily

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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hi ndered by the need for fabricating, exam ning or otherw se
processing oblique 4 critical patterns. As such, the mask processing
cycle tine for designs with oblique critical patterns is not
negatively inpacted. [0012] These and ot her aspects and advant ages
wi || becone apparent from the follow ng detail ed description, taken
in conjunction with the acconpanying draw ngs, illustrating by way
of exanple the principles of the disclosure. BRI EF DESCRI PTI ON OF
THE DRAW NGS [0013] Figure 1 illustrate a standard mask witer.
[0014] Figure 2A-2C illustrate conventional nethods for crafting
oblique features in a mask. [0015] Figure 3A illustrates a mask
pattern cont airiticAlgpagternd. o swshl thgueaskqumnessinigmycleitimesfoaddsiprswith

critical vertl zontal |ine 16 gure 3B illustrates
the mask patt%F HSFn%fag e@/i1%?‘?te[?egf‘ﬁ‘éelké‘§ﬁ’a‘lt§‘gbstrate i s rotated
according to one exanple of the present disclosure. [0017] Figure 4A

illustrates expéoiedltebt hadetHeabpectsartdadantsmgs Wl becorie RoparéMtteh! ¥
and vertically aljgned mask substrate. [0018] Fl ure 4B illustrates a

met hod for criBefollegingdebed daecrinsionytoken Byconjundionyith the assempanying
SO e r et hRROR L8P IR AR BE BARDEICR HORU Sure[ 719

Figure 4Cillustr és an | crafting the
oblique features by rotating the mask substrate with an orientation
nonitoring system according to one exanple of the present

di sclosure. 5 DESCRI PTION [0020] A nethod and systemis discl osed
for processi MRIFEEIRESGRIFEIQN|QE THERRAWINGS

[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.



obl i que features for sem conductor manufacturing purposes. Although
the present disclosure is presented largely in the context of naking
a mask, it is wunderstood by one skilled in the art that the general
concept can be used for exam ning, verifying, repairing, or

nodi fying the mask. [0021] By selectively rotating a mask substrate,
whil e maintaining regular configurations of a mask processing system
such as a mask witer system the oblique features are processed on
the mask substrate. The term "oblique" neans any line that is not
perpendi cul ar or parallel to an edge of a nmask substrate. The term
"process” or "processing” in this context intends to include the
meani ng of nmaking, nodifying, exam ning, verifying, repairing
patterns on a mask, or any other simlar processing that requires to
deal with paH@€$¢ﬁ@%iﬁﬁ%ures on the mask. Throughout the disclosure,
a horizontal - ference systemis described as the one used
by conventional nask processing systens, and it may be referred to

as the X-Y ref efisackA mesiahanSsysidratd disclbded fhopiocessirgd mbsifseiredtides with
direction may be referred to as the X direction, and the vertical
reference di rbdfirefeaies fergemirandgator manyfactariag purrRsest daoysiathet he

X and Y direct. r. I : r e, In
3 conse, (i nt & ERATARE B R PERRLRI Mok R MO R or malfi 4 PRNCHE
changed by 9Gudlegtessby boe skilied putheasithef theleserdi i ceptidad, bel ised $or
assunmed that the.  nmask processing tools have clear]y defined the X
and Y direct i*GHEIREVEE 1 Iepairifgent BRIV BEdRe Magkank mask on a mask
writing system there nust be one side of the blank mask that is

aligned with t hﬁ)o%:ucﬁyrg@retcﬁoag r6th B 8rmadkXibB@ate My h 8€ ha@8in® g RgBSK
stage that holds the mask substrate can also defined the XY 6
reference syspefigurflipss pidf sask procsssing siysitam anilvar salably wurgensyisiem, the

\r;rare:: iogZI y p;g%%glélléeﬂ geg%.grg%/gresp%ogehs%éd BII? ?hedr?lgé spuljsgg{elfl The tgr%'rl]"o%%que" 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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produced on the nmask substrate. [0022] In the sem conductor industry,
especially the mask meki ng process, various mask making tools prefer
vertically and/or horizontally oriented patterns. Enbedded in many
such nmask nmaking tools is an X-Y reference system that only all ows

| i nes perpendicular to each other to be produced or examined. Due to
this industry wide preference, nost circuit designs have their nost
critical features oriented in the X-Y directions, leaving only the

| ess critical features to have a little flexibility in orientation.
[ 0023] As the technol ogy advances, in sone circuit designs,
especially wwth wring layers, it is preferable to orient the
critical conmelerdnsasystems Thid jefaretae systepsis uofvtegsaliyrusad b verionds

degree angle with re ct _t.o .the horizoptal or, the . verti.cal
reference di rpég?’eis?)lﬂg%‘?ﬁs f%hati%%%?&%rhéa&rﬁ%?@ib&%refiiséii’ ABAPETYREL  and
hori zontal feabdn&@d JtheRRiskiRbagatel i tical as the obliquely
positioned lines. [0024] Figure 3A illustrates a nask pattern 300

whi ch has obl i quelﬁé positioned lines 302 with critical dinmensions
while vertical HO2Rdpithespmirondyrier industryceepeqially the aaskmpatdas pr Rty e

much | ess crif,lL. i I T [ S|
files, it is Vtﬁ"glgg% H%S TRy hols ﬁ%?#g@vﬁguagﬂggﬁy %’%@%es%"%é%h (S . s
bet ween the glakierse Hribeeldet tih maegatdh sk nidkétg 008 ibar X2 pdfedened system

vertical referenc irection. The offset angle is nost often to be
about 45 or fh% %@b?‘g@@% hvﬁd%ﬂsreﬁ%ulebmf@ﬁhiogﬂlfo hagroducrs orgxareinedds

as descri bed i [Welllg = i . tQ.; e
i naccur acy ofD‘{bhtg tgf#iu'??%% %@é%@é&%ﬁﬁﬁ%@%lﬂgﬁg{?g% H%ehtgeltrrmﬁg%t critical
maki ng pr ocessatuitheripnesldntthelXse Hivsuioasgeasag balyahe lasp eotied fastiides fg
and/ or measuring nethod for the obljque Iines of the mask pattern by
usi ng the 7%%?@%@%&?%@%%&@#&%@9& s wWith their X-Y reference
system Mbdifications wll

[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
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
7



be made to allow the rotation of a blank mask substrate so that the
oblique features becone either horizontal or vertical features.
[0026] Figure 3B illustrates the nask 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 exanple, 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. Mre details are
descri bed bel ow for arranging the nmask maki ng tool to achieve the
desired result. [0027] Figure 4Aillustrates a top view of a nmask
maki ng t ool 49Glingapdskusaking hgdnwithgheit Xt 1 eefaresike spskimmgModdfications wéll

elimnated fqr simplifying the . illustration here. Th Kk ki ng
Cool 400 has 5 Hedkioabiihes8hogh ot Pptiuretionir e st air G PRt Haak
meki ng tool 488uredMéceme eithbrttre ot or ROHRET fed@des. Whi ch hol ds a mask
substrate or a blank mask 406. The nmask stage itself defines a

pr edet er m ned rFference systemsince it usuallg noves in either the
vertical ("Y") [A926Hag et Hpstratse shednaskaatisen SMsthatiags beepaoinird Hy
routes of th i.nAQ; . A j .ons of
t he referencgi ysFSﬁ% ?geQﬁ%ﬁ%ﬂ$k9§%E@@%?%ggkﬁﬁﬁ&ﬁ?%hoﬂ %g@%%k st age
moves are mailmrzonadyreceeaidatipl rythis/exaingie, witercths icrouit pattean Hag aciksal
beari ngs, etc. The rotatabl sk haol der 404, aon the other _side, can
rotate the naSKURSIHRGURH ﬁﬁ%@tﬂdawadé%%?%iﬁﬁfﬁ@n%@%ﬁhowrbmFéwe@nﬂ*@f

the ref eren(}ﬁas?(ys%%%te-wgrcﬁ@%léd%ﬁ{ ﬁgf%g%tﬁ%f&me & (.)gxﬁgl;%a%ehgﬁlam

al i gnnent subsystem for sensing and a ning the po

mask st age 4GRsevtiedd bélamdor afrangimy flermasd eaking 08A tanchiddBBe dasirédyht
source such as | aser generator 410 generates a light to be bounced
on a fixed nFF?@? 412 and another mirror 414A attached to the nmask
stage 402 by using a beamsplitter 415. The interference of

[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 408A 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

8



8 the bounced |ight beans are then sensed by a detector 416 so that
the vertical position of the nmask stage is evaluated. It is noticed
that there is another mrror 414B attached to the mask stage 402 for
the X interferoneter for position neasurenent in the horizontal
reference direction. Othogonal novenent 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 |ike the one
in Figure 3Ais expected to be made on the mask substrate. There are
al so one or nore position marks 420 on the mask hol der to keep track
of the relative position between the stage and pre-witten patterns
on the nask ftbe b@@@@@@‘tl‘rg&rttb@@m@ﬁre\mmﬁmeéngedaﬁ@ctmtﬂémeéhatéhwsmceh

in a nultiple-exposyre situation. 029 i gure i.l.lustrates the
sane mask malploﬁé% oog Itﬁﬁﬁﬁsggtagﬁlsﬁv[ﬁg’}%ei&% 132(596163{11@% therg F‘?ea’??gl%qf Tnirror
substrate 40611aBdtthéledi@tke BRkHefagdAd? frehé RietErdnder ©8 podinen | ef t
by 45 degrees. As shown, the mask stage 402 is not rotated and

mai ntai ns i teasyEsmegAn drheriogateaferatice Hireetiqre (Prthegartadnix vamen s
interferoneter .The bstrate. 406 s, rotated b ot at.j.ng. t.\he
ek ol dor ool RS o RUBM SN Cad bR Ethré AP Fag

i's not changedeeatergd.l. One or nore fixed mnechanical stoppers 421 may
be built on the nask stage so that the mask hol der can be rotated to
predet erm ned apgl.es cqnsistently. Since the design source for the.

mask pattern 418)%?53;54&% AFIgUTE 4o sk Eﬁtﬁff’éélglékenﬁ‘ﬁémﬁ AR Eigrie P2 a8

features ali %Eﬁctgﬂ {-d"bé BEA&oR hemdbE t?tﬁr%s.'t'r%?e;nﬂi(ﬂeﬂa %1%%256% (ﬁ'ge;ﬂr eééll% rpéogﬁlton

the mask patte 418 1s created on

usi ng the st anatke d2hon itlzombskt holdadtoieepitcak of thearchuike pgsifion belss®s the

None of the nethodﬁ illustrated in Figure A-2C wi ||l be needed.
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.



9 [0030] Even though the mask substrate is rotated to be in an
oblique orientation, the mask stage 402 still noves in vertical and
hori zontal reference directions in the mask-nmaki ng tool 400.
Therefore, the position nonitoring device such as the mrror for the
| aser interferonmeters 412 and 414A-B remains in the position to
nonitor vertical and horizontal positions. [0031] Figure 4C
illustrates the nmask making tool 400 with an orientation nonitoring
subsystem according to one exanple of the present disclosure. It
woul d be nost flexible when the orientation of the mask substrate 406
can be changed in the nask maki ng process. This can be done by using
t he mask hol der [0030MEvgntthougmtiskmeskbsthstrnte ipratetetde bem amabliare ng

subsystem such. as_,an ,orientatio ni toring beam generator 422, an
orientation LI IR o R s ar S A RS A O dr el
and an ori enidtdcabnsiel e bitisk4niing AUON TRGefodd, tRIDitAInBRRbERE | NY
beam reflection on the orientation nonitoring mrror 424, the

det ect or 426 dexireduclkeas theairmanrior the lnses inthderaretero 4 1hand Ht AaBirgmethstio

a desired a .| ddi ti,on ne, or,.nore siti.on marks 428 can be
put on the Eg%ggﬁhg%g?gpnﬁ gkmgﬁ%§¥¥%RQ§%98%§PPBQPP%e mask writing

tool 400 to track the settled position of the nask substrate after
each repositi on[00BOEBRreV fluaimaiap frcapaslamekiygdeslidgn edttodn ernérahtian
nonitoring subsystem the mask hol der can be rotated to any position
desired as | R TEMbSYERACEAGIIRS [OoneApRIPN Hhe pfqﬁén%meﬁ{@s%i Hg

defined by tn@oxﬂﬁlbieqﬂ%tIﬂ%ﬁ%l@v@ﬂer@{Hertﬁfenttet}ﬁ)n%rtﬁgﬁl@glglsu%?fat VATl dafi@e
of t makl ng

ref erence direction e reference system of the mas tool .
As such, any cbbhgglia theatask esakong prodesi Taik cadle doan besgeribe ataglk hblder

the mask maki.ng .t ool i the standard processes only by rotatin
the mask sub ?’{D% g\flg‘l %ﬁlalélﬁ Iﬁggsr%%og?rgagqn mo%itoring subsysten¥ such as an d

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 horizental
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



10 [00331 The present invention as descri bed above thus provides an

i nproved nethod for providing an effective mask processing net hod
dealing with oblique features. Various benefits are achi eved over
conventi onal approaches. For instance, in the context of nmask naking
process, the accuracy for critical oblique patterns is maintained
during the mask maki ng process. Mreover, the throughput for the
mask maki ng process is not necessarily hindered by the need for
fabricating oblique critical patterns. As such, the nask maki ng cycle
time for designs with oblique critical patterns is not negatively

i npacted. These benefits equally apply to other mask processing
systens that hal@38blhaiesantinyesiionqaelesdribatlabeve teER4didThan ahproyed

di scl osure praovid many. di fferent. enbodi nents, or .e L es, .for..
ol enent | ng PP renR o8 SR BT TR e el AR LS with fiigue
of conponent Yeatafdh. V2085 bESefat BrddRhtdvielodet @rR@hRokdIabpfdachfe For

i nvention. These are, of course, nerely exanples and are not intended

to limt thenstagesmin e contept efhaasldes singlpadcdse, thaacairadyrfer cfidedshlique

VWil e the invention has bee artieularly shown and scribed with
reference to Raﬁtgrrbsrléfréarl?tggeg 30 ﬁ%‘ﬁtme{sl]n(é’r‘%%’fl% PEYCCWI- 1BVttt st ood
by those skitht@ghipat fdieh@fiiask halkiVapioebks is RaNaREssk iy hAERAGYIRE Abdd
may be nmade therein wthout departing fromthe spirit and scope of

t he i nventi orfor fbrisging ehliquejchiticpleratiers. v svghcthaiomsk making aycle §me for

clained is: .no r, _brocessing .one or nore.obliquefeature

ona sk or SeabrEREIPE e ERCSHRRR BB eof b " ThET i8R
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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aligning the mask or reticle substrate with a predeterm ned 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 predeterm ned reference system
rotating the mask or reticle substrate in a predeterm ned direction
by the offset. angle; and processing the feature on the mask or
reticle s&@g?ﬁéiﬂgﬁgﬁ%rding to the predetermned reference system
wherein the feature is processed in either the horizontal or

vertical reference direction of the predeterm ned reference system
and at the of féet Arpgthodyor processipaone pomars abdigee fraturdsenrramtskor reticle
reticle s t el e _processing the feature conprises
witing aaﬁég@%ﬂgfngﬁg%éﬁm%ﬂggnethod of claim1 the aligning further
i ncl udes posi t aliguinpgtht heshasieticlosulisetieatith Spibddteratitedabieceenoasystdnal der ,
t he mask hol der, bei.ng on %.nashrs¥a?e of mask rocgssiqg tool . 3.
The method of SHEPHIDERACIETAEIRET pIRnEs o i Biacrsidra s Raskyrdels | s
defined byub¥pxeRathdes£8 td ab%r Dfirsk RereRekiStRAFor becoldgeMRIBOGirQkion
claim2 wherein the rotating further includes rotating the aligned
mask hol de¢rpepdieulis tefledust ralganee disectipn ef e prrddterningd silerencesyetedi n t he

rotating furth i i . .

fage for stopyamRTAES (bR ARGrgE ind el biRRAiRCR b e JRES, |
t he processgleignflurt her includes formng or repairing the feature on
the mask or reticle substrate. 12 7. The.nethod of claim 1 wherein
the processi ngPPEFeHe Ehei tﬁ‘?ﬁ‘fl{?ooélst f H?f)l?e?:‘il'?trﬁggs‘ﬂ]rm@tg PFW‘%H%K’( He feature
on the magkdaemiigtd ff@efdRgdtEataerein the feature is processed in either the horizontal

or vertical reference direction of the predetermined reference system and at the offset
angle with respect to an edge of the mask or reticle substrate,

wherein the processing the feature comprises writing a mask pattern.
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.

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.
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8. The method of claim1l wherein the offset angle is about 45 degrees
from either the first or second reference direction. 9. A mask
processi ng system conprising: nmeans for receiving a nask or reticle
substrate according to a predeterm ned reference system neans for
determ ning an offset angle of a feature to be processed on the mask
or reticle substrate with regard to either a horizontal or verti cal
reference direction_pof the redeterm ned reference syste nmeans, f or
rotating the mask o’trg‘? B’Fﬁ’f?fi BPEI%‘%ﬁ Phewn eﬁ“ﬁF@H@tféFﬁ‘?r h%ré‘*r‘qﬁ SPESUGE
by the obfs&lfyRpUhEteaftbiBanmslf O relélOseReh@9 the feature on the
mask or reticle substrate according to the predeterm ned reference
system wherein the feature is processed in either the horizontal or
vertical refergnce 4j [ : e ' tef system
and at the of f et SnefEbdr ki TBAHRL SR LA R o
reticl e suitstithat ferst mhveceidnefeleacadiansof.or processing the feature
conprise neans for witing a nmask pattern. 10. The processing system
of claim9, wherein the nmeans for processing the feature further
conpri se mask pepai AimgkpRaRssinglsystelb@niprigggssi ng system of claim9,
wherein the nmask processing system conprises a verification tool or
an inspection fses fonmeceiving agnask o sitigly sghrataacesrdiizdp mpoedisanised t he
means formm%a%géﬁh%prther i ncludes a rotatable mask holder. 13. The
processi ng system of ‘claim9 wherein the neans for receiving further
13 includes a mesis fot dgyemimiog en nifwit aggle bf & fhivon® teghrodeeseti loa the mask or

redetermned referen . . ) N
P reticfé R regard to either a horizontal or vertical reference 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 of the predetermined reference system and at the offset
angle with respect to an edge of the mask or reticle substrate,

wherein the means for processing the feature comprise means for writing a mask

pattern.

10. The processing system of claim 9, wherein the means for processing the

feature further comprise mask repairing means.

11. The processing system of claim 9, wherein the mask processing system

comprises 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

13



system 14. The processing systemof claim9 further conprising a
mask or reticle substrate orientation nonitoring subsystem for
nonitoring the position of the mask or reticle substrate. 15. The
processi ng systemof claim9 wherein the offset angle is about 45
degrees with regard to either the horizontal or vertical reference
direction. 16. A nethod for processing one or nore oblique features
on a mask.o eticl substrate, the peth cqQnpri sing. positioning
Che ok Gt bk SaBLT pore e RoRa AT aS Mgk Rt amed e itnsk
stage; al kgydrdg the mask or reticle substrate with a predetern ned

reference system defined by noving directions of the mask stage so
that at | east one side of the mask or reticle substrate is in a

hori zontal ref g encedhioealingydlm bigain?h A AP L YA AN miS G AN N9 2

first offset angle o Irs eature to be proc on ne s
reticl e suifstratogemiatién megigsrihgtsobssteleior tnbeitdrory thopdsitionarf theembdkasal
reference _ditrection of the predeterm ned reference systenm rotating
the mask ROICFHPIHS predeterm ned direction by the first offset
angle; and processing the first feature on the mask or reticle
substrate according to the  predeterm ned reference system wherein
the first featlte i $hpPoessiaedysiem af ¢lpisr O whereirbe pHenteagle byabput45 cal

ref erence qgi L&GHHPR A & BRnRRARLSSMNEdefifhiIGLR g and the

Fr€e i :

feature forned at aﬁ Ob%l gue ang?e W th respect toe%e side of the
mask or reticle substrate, wherein the processing conprises witing a
mask pattern. éL?. h i

at t 1& 1e &{&gd ofSl%Iainm16 fur&.her S0 rising: .
deternining a $&cond "0f g(ge BIOGPEIgOng OERe PliARS feAEesoy aﬁﬂg%ro(‘jég’s‘%eed
on the maskbstua, thehietHod compstibgt € wWith regard to either the
hori zontal or vertical reference direction of
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 me 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 of the predetermined reference system and the
feature formed at an oblique angle with respect to the side of the mask or reticle substrate,

wherein the processing comprises writing a mask pattern.

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;
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the predeterm ned reference system 14 rotating the nask 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 predeterm ned reference system wherein the second feature is
processed in either the horizontal or vertical reference direction

t hereof. 18. The nethod of claim 16 further conprising nonitoring the
position of the rmask or reticle substrate accordjng.tq the
predet er mi ned FEFHERE %@a%]g‘%l@‘fﬁto 13?31 h@“ﬁ‘é‘f‘%aﬁ?d?ﬂ@F%@GnW%‘?n

t he rotat bieetfalgledi@hdi ncl udes rotating the mask hol der by using one
or nore nechani cal stoppers on the nmask stage. 20. The nethod of

cl ai m 16 wher ePpcessagrtoe faiupors e mvalk of 1stifla debstraitagedriigs thhe mask

hol der by okt ARG sy BORI RS, TRILLARG RG0S WARUOLEM in Sher TSk
pr ocessi nB system conprising: a nmask stage for aliigning a faSK of
reticl e sbhbstong er whrac@irefeene: difeddorotheteh® mask or reticle substrate
is parallel to a horizontal reference direction of a predeterm ned

ref erence system a processing nodule for determ ning an offset angle

of a feature togbe Theakeddonclaides NBGK:r QmprRidgGhéhi®HRS Hedo8itivh bPthe
regard to either the horizontal or vertical reference direction; a

mask hol d&tesk ey retigle subsHgtetaseordiag ko Bie predeieaniacd (HeEREtYSER. a
predeterm ned direction by the offset angle; a mask or reticle
substrate orientation nonitoring subsystemfor nonitoring the

posi tion of thé&9.masKhomethed ottleins Ubwherainaghe antating fomlsdk ipplholee sgating the

modul e ut Irrlalskzflé]gertb@euspﬂ’geo%%to?{ngrenggchrag{ceellrs%%%grss stﬁee@asfkosqage.

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

mask holder by using an optical position monitoring subsystem.

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 created 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
creating the feature on the mask or reticle substrate wherein the feature is created in
either the horizontal or vertical reference direction of the predetermined reference system
and at an oblique angle with respect to the one side of the mask or reticle substrate,

wherein the mask processing module is a mask writing tool.
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creating the feature on the mask or reticle substrate wherein the
feature is created in either the horizontal or vertical reference
direction of the predeterm ned reference system and at an oblique
angle with respect to the one side of the mask or reticle substrate,
wherein the mask processing nodule is a mask witing tool. 15 22.
The processing system of claim21 wherein the mask processing nodul e
further conprises a nask repairing tool. 23. The processi ng system of
claim 21 wherein the mask processing nodule further conprises a
verification tgnl OThéprobddSIREETstN of 8in 2 Péherdin@hPMAKETSERMUnS HRHER Of
claim 21 wherein the mask stage further includes one or nore

ori ent at i SthepeANRIESEHY MEBHEPPRINBETFODr al i gni ng the nask stage
according to the horizontal or vertical reference direction. 25. The
processi ng system of claim?21 wherein the offset angle is about 45
degrees with r2har dThopretdskieg syshem hbelaimodit wherein themtskgabeassfig medale

di rection 6 . P . .
ﬂJr&ler comprises a verification tool or an inspection tool.

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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