METHOD AND SYSTEM FOR OPTI M ZI NG | NTRA- FI ELD CRI TI CAL DI MENSI ON

UNI FORM TY USI NG A SACRI FI CI AL TW N MASK BACKGROUND [ 0001] The present
di sclosure relates in general to integrated circuit manufacturing,
and nore particularly, to a systemand nethod to optim ze critical

di mension uniformty in manufacturing of integrate circuits by using
a sacrificial twin mask. [0002]In integrated circuit manufacturing
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[0003]  Traditional SEM inspection, however, becomes a botileneck for providing accurate

and repeatable CD and profile analysis due to electron charging effects that not only limit the

accuracy and repeatability of CD metrology, but also cause damage at the measurement area. In
response, an optical critical dimension (OCD) method is often used instead of SEM inspection.
QOCD can detect CD information including CD profile and wafer film thickness. OCD also has
much less noise than SEM and the sampling ratio of OCD is more accurate than the sampling



inspection to optimze CD uniformty. Wth existing SEM and OCD
tools, inter-field critical dinension uniformty may be optim zed.
Inter-field CO uniformty optimzation nmay be obtai ned by exam ning
the dig*to-die CD difference between a plurality of dies on a wafer.
For exanple, inter-field CD uniformty optim zation nmay be perforned
overa80 die to inprove the quality of sel ected neasurenent points of
a wafer surface area. [0005]In addition to inter-field optim zation,
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[0010] Figs. 3A & 33 are diagranms illustrating different scanning

met hodol ogi es of SEM [0011]Fig 4 is a diagramillustrating a graph
of sanpling effect on CD correl ati ons between average |line w dth
(ALW rmeasurenment with 35K nagnification and 00D. [0012]Fig. 5is a
diagramillustrating an exenplary OCD grating. 10013]Fig. 6 is a
diagramillustrating an exenplary dummy grating pattern, [0014] F|g 7
is adiagramillustrating an exenplary sacrificial twin nmask. :

[ 0015] Figs, 8A-8C are diagrans illustrating exenplary |ocal selective .
CD uni f c2slK R Bl ?'-'-'Lh'cnth' 8 9 is a di agramillustrating

an_exemogy _ ?wm; St 0 e Bl AT

(0CD) base scat erorret 0017] Fi g. Is a diagramil | ust ratl ng. a
cust onerdepriptioniehenraadowi ﬁG@M@W@EﬁFaﬁ issmphestized disb AR poegrdance with

pat t er NSye gtandard practice in the industry, various features are not drawn to scale. In fact, the
dimensions of the various features may be arbitrarily increased or reduced for clarity of
discussion. It is also emphasized that the drawings appended illustrate only typical embodiments

of this invention and are therefore not to be considered limiting in scope, for the invention may

apply equally well to other embodiments.

[0068]  Fig. 1is a diagram illustrating an exemplary lithography process track in which
aspects of present disclosure may be implemented

{0809]  Fig. 2 is a diagram illustrating an exemplary portion of resist grating.

[0010]  Figs. 3A & 3B are diagrams illestrating different scanning methodologies of SEM.
[0011]  Fig4 is a diagram {llustrating a graph of sampling effect on CD correlations between
average line width (ALW) measurement with 35K magnification and OCD.

[0012]  Fig. 5 is a diagram illustrating an exemplary OCD grating.

[0013]  Fig. 6is a diagram illusirating an exemplary dummy grating pattern.

[0014]  Fip: 7 is a diagram illustrating an exernplary sacrificial twin mask.

[0015]  Figs. 8A-8C are diagrams illustrating exemplary local selective CD uniformity
optimizations.

[0816]  Fig. 9 is a diagram illustrating an exemplary process wafer subjected to optical
critical dimension (OCD) based scatteromefry.

[0017]  Fig. 10is a diagram illustrating a customer provided mask comprising irregular or
non-repeating patterns.

[0018]  Fig. 111is a diagram illustrating one embodiment of the sacrificial twin mask for CDU

optimization in a first layer.
[0019}  Fig. 12 is a diagram illustrating another embodiment of the sacrificial twin mask for

CDU optimization in a second layer.
[0020]  Fig. 13 is a diagram illustrating a combination of the sacrificial twin masks in the first

layer and the second layer.
[0621]  Fig. 14isa graph of inter and intra CD uniformity optimization for the second layer

using sacrificial twin mask.
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[0018]Fig. 11 is a diagramillustrating one enbodi ment of the
sacrificial twin mask for CDU optim zation in a first |ayer.
100191Fig. 12 is a diagram'illustrating another enbodi nent of the
sacrifictal twin mask for CDIJ optimization in a second |ayer.
[0020]Fig. 13 is a diagramillustrating a conbination of the
sacrificial twin masks in the first |layer and the second |ayer.
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[0021] Fig, 14 is a graph ()linter. and intia CD uniformty
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DETAI LED DESCRI PTI ON [0023] For the purposes of pronoting an

understanding of the principles of the invention, reference will now
be made -to the enbodi nents, or exanples, illustrated in the draw ngs
and speeific |anguage will be used to describe the same. It wll

nevert hel ess be understood that no limtation of the scope of the
invention is thereby intended. Any alterations and further:

nodi fications in the descri bed embodi nents, and any thither

applicati ] principles ofthe invention as described herein
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through the lithography process track 1 to forma resist pattern. For
exanple, resist lines 12 and 14 are forned having a predeterm ned
line wdth and pitch. Area 16 refers to an exenplary probe spot size
for inckdent light fromwhich scattered |ight spectra is collected
using an optical critical dinension (OCD) based scatteronetry. OCD -
based scatterornetry collects one ornore scattered spectra fromthe
resi st gratlng 11 and perforns dlffractlon anal ysis to provide
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10032] Si nce an ALW neasurenent with 80Kx35K x-y -magnification
provides CD uniformty that is close' to OCD, a dummy gating pattern
for an ALW neasurenent by SEM may al so be used to optimze CD
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SEM The size of the dummy grating pattern 32 is about 5 urn x 5 um
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be inserted onto devices such as SRAM cell 34.




[00371n addition to gl obal optimzation of CD uniformty, |ocal
selective CD uniformty optimzation-may be perfornmed with the
plurality of sacrificial patterns 46. Referring to Figs 8A-8C,
diagrams_illustrating exenplary local selective CD uniformty
opt|n1zat|ons are depicted. In Fig. 8A, a plurality of sacrificial
patterns 48 are selected fromsacrificial twn mask 40 for- sanpling.
In this exanple, the plurality of selected sacrificial patterns 48
are located at four corners of the sacrificial twin mask 40, the

cent e][ of[e}m@ S Fof bufyl sﬁ%:ﬁoﬁﬂ%smfmskoxggaﬁmmi s&ﬁﬁélﬁ)tgﬁfmsﬁlmcbdbclzth
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In this exarrple the plurality of selected sacrificial patterns 52
are Iocaté@@lﬁa@m%rs of the sacrificial twin mask 40, and a

pl ural it Yoy Saghddricki ﬁhnﬂﬁéﬁ-ﬁd&ﬁ) h’és%'pﬁ?a]i@;fof%ﬁ&if&?a] SRS, 42aand
44. By allow ng the selection of [ocal sacrificial atéerns 48, 50
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patterns 46 due to optical or etch loading effect, the dimension of spacing 47 is large in

comparison to the dimension of the plurality of sacrificial pattern 46. Since the plurality of
sacrificial patterns 46 are OCD or dummy grating like, the plurality of sacrificial pattemns 46
have some advantages of the OCD or dummy patterns. For example, global CD uniformity may
be optimized using the plurality of sacrificial pattems 46 that are dummy like, which allows for
larger sampling size due to the small grating size of dummy patterns. In addition, more
consistent and better CD measurement data may be obtained from the plurality of sacrificial
pattemns 46 that are like OCD gratings. Furthermore, the limitation of OCD pattern location may
be eliminated, because the plurality of sacrificial patterns 46 iu the sacrificial twin mask 40 may

now overlap device regions 42 and 44,



resist layer 66 may include material such as S13N4. [0040] I nci dent
light 68 froma probing |ight source of a spectroneter nmay be
directed to a probe area of the resist layer aform ng an incident
angle B of between 30 to 90 degrees with respect to the resist
surface.. A portion 70 of the incident light 68 is scattered fromthe
surface of resist layer 66 after passing through resist portion 72
to produce detectable scattered |light 74. Scattered light 74 is

col | ected &% aﬁconventlonal detector, such as a diode array det ect or,

at differe SAgtipRto gloks eativeization AT GR AN misy.ilecal seleative SPMBIoFRE on
scattered &pugmaagﬂmwb%&ﬁbﬁe& Wtﬁ&e?hﬁ@ﬁﬁéﬁ%ﬁcﬁ}%%&é A Jﬁ;}{rﬁg jo rggngD

additional _informati on of the resist | ayer n or
scat t er one¥§C1Hegsens ilesateg excaplagy lory ﬁ@lequmﬁpme@rsntybawzah@s aret he

OCD scat t elegis®d.r
| ayer 62 Anlgli Ir r% Fil? o fi)g%tg éﬁc’%%cr%f re{s}tg 49%6 s %gd Q‘Fﬁuts%%ﬁtdaf%% ]ﬁlaSk 40

QCD ref | ecff’ﬁ%#g’lpbiigg ﬂaﬁl&ﬁ@mﬂimef seiwgntsacwc@pmuhsﬁam focated at four
repeating ceaaus%megwﬁb guﬂx%kwwgg%%%ﬂ R R R SLR90 Abnblior

first |ayer %e measur ed
cust oner - ;ﬁﬁléﬁﬁ%ﬁ'éwﬁm ksﬁemmeﬁam@pm regipm42 m‘d atﬁhﬁaiﬁy ofs’eledteéyzenﬁcﬁn

are i rreglﬂ,g ms&g,gé%gﬁ%g%wgﬁﬁgﬁl g. 10, a diagramillustrating a

cust oner pProvi de ris " irregular or non-repeating
patterns {¥38epi & @a Sﬁmﬁmﬁw Dfﬁa@vﬁaié@aﬁmmafb selemad fran sacrfidiad twimstask

grating 1 i irre
patterns %g | n&&g Tirst %( @E t@?ﬁ%ﬁ%%f %#Ea %'/'%8’? %ﬁgcmda
patterns §zr Wgﬁ@m@wnﬁawlm@m@kﬁhmm@ﬁ themﬁﬁbndlmmask 40, and
repeati ng

failure o B%%ﬁg%%ﬁ %gm&%gﬁg@ %fizrm %}g.rﬁg%jiy% |
dat a r equfacefiealpaliauus? ahse of. ggcficial wvin 40 BF seaniplingr rexample,
di scl osur e BR¥aiRFoT4EESd RoRREKIRterh!'Sh £E RBLETR: four comers of the sacrificial twin

mask 49, and 2 plurality of sacrificial paftems outs1de of device reg1_o_n_sm 42 aud 44. By allowing the
selechnn of local sacrificial patterns 48, 50, and 52 CD measurements m;:;f be obtmned forthe
local selective patterns and CD uniformity optimization may be performed on only those Jocal
selective patterns. In this way, the performance of infia-field CD uniformity optimization may
be improved.
[0039]  Asdiscussed above, OCD based scatterometry is used to collect one or more soattered
spectra from the resist grating 11 and perform diffraction analysis such that uniformity
measurements and additional information may be gathered. Referring to Fig. 9, 2 diagram
iltustreting 4n-exemplary process wafer subjected to eptical critical dimension (OCD) based
scatterometry is depicfed. Wafer 60 comprises a first layer 62 and a second layer 64, The first
layer 62 may comprise a substrate made of silicon or polysilicon. The first layer is also referred
to a3 an OD layer. The second layer GMQmpriég a poly layer 65, an antireflective layer 67,
| and a patterned resist layer 66. The poly layer 65 may include silicon dioxide. Th? paiterned
résist layer 66 may include material such as SisNy.
[0040]  Incident light 68 from a probing light sonrce of a spectrometer may be directed toa
probe area of the resist layer 66'forming an incident angle © of between 30 to 90 degrees with

respect to the resist surface. A portion 70 of the incident light 68 is scattered from the surface of



of irregular patterns in the material layer. Referring to Fig. 11, a
diagramillustrating one enbodi nent of the sacrificial twn mask for
CDU optim zation'in the first layer is depicted. In the sacrificial
twin mask 40, a first plurality of sacrificial patterns and a second
plurality of sacrificial patterns ampresent in the first |ayer 62.
The first plurality of sacrificial patterns are dummy flat- patterns
84. The second plurality of sacrificial patterns are dummy grating —
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layer, including the second layer, or other layers, to provide flat areas for irregular patterns,
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without departing the spirit and scope of the present disclosure. Duminy grating pattems 86, on
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[0048] Referring to Fig. 15, a graph of intra CD uniformty

optim 7ation for the second |ayer using sacrifi.cial twin mask is

depi cted. The'Y-axis of graph 92 indicates the intra-field CDU of the
second l.ayer in run. The X-axis indicates the die nunbers within a
wafer. In this exanple, prior to CDU optim zation using sacrificial
twin mask, the intra-field CDU of die 38 is 1.84 um as evidenced bY
the CD1.1 of slot 16. Wth the advantages of sacrificial twn nmask of

the present disclosure, the CDU of die 38 is optimzed to 0.79 run as
evi dencedbanfaer hmdmmﬂasordﬁpezhng PREterss, whirh engble the fissblpyer pist prgting CD

opt i ze%aéa%béxﬂsas&@&&&hég%ﬁa% RS Yokl | C1al twin mask.

[0049] I n sunary, aspects present disclosure provide a
sacri fi cil@f45} wi Refvamg t6 Big. I%Qﬁi@‘ﬂm iustrating anotherarmbodimenintitesrsatrifipial tie
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second | ay inz
DU of a Beaibe? Ra o LRl Q] ST AR R B petlie
optim zeﬂrowdesrﬂatla:m@togleataun@zcmaguhrpmternﬁsz methﬁzakjaym peadybdoetie by
glrj atS Fg/lgs&'iw%nggg%" %&I%ﬁetsﬁ%t%%giyfga% fﬂf E Eii S{’IQ%G s “ﬁyﬂéﬁ%ém? [eﬁ}%%ﬁ
uni f or ni layer§g proyleppflatrieada clwirtonbthe mtegdaﬂ patitrp 82 inghe Gfst hpsrSRiexagtlzi ze
and {he, L8P al oS BRbHGE Bhond A0 S Rty RERISHA% bRy
for i npl leyekt preyidds 4 flgreato tlegtout theinskwlantation 82ringli¢ fishlager ESpwﬂrl c
exanpl esbeg){] &Q%BE%IE@”@@“"%&& 1‘.§4 are described belowto

sinmplify e prese osure e are, of course, nerely

exanpl es[ﬂﬁ‘hﬁ arReferong torftie idesisterh Qfentmanﬁmhn@D uniforuitl eiitiorization for the
present dbaahastie ﬁcﬁ%’_ﬁﬁﬁn‘fﬂﬁ'ﬁ?}{!&&eﬁ%@{- Q@rﬂftﬁébahe“ers
in the various exa I's repetition 1s for the purpose of

si mpl i ci m@cﬁw&@qumw Grresigeiof fiseegond layer igpet IheXepxisalf graph AL ippisates
bet ween tﬁ@ﬁbﬂaﬁxgm@w@a& Slnakﬂi% fp@@Bﬁér%’C@U eﬁ;ﬂh&%@@qﬁe saciieid] V5

"What is clalne A met hod t|m2|ng critical dlrren5|on

uni f or mi e weskethe 6  A-22 amegridsaced in BaCPURLsGE Mot With th advaaiesetfhod
conpr i si Qekficial twin mask of the present diselosure, CDU is optimized to 1.94 nm as evidenced by the

CDU of slot 24. Thus, both the inter and intra-field CDU is optimized for the second layer with
the use of sacrificial twin mask.

[0048] Referring to Fig. 15, a graph of inira CD uniformity optimization for the second layer .
usmg sacrificial twin mask is depicted. The Y-axis of graph 92 indicates the mtra—ﬁeld CDU of
the second fayer in nm. The X-axis indicates the die numbers within a wafer. In this example,
prior to CDU optimization using sacrificial twin mask, the intra-field CDU of die 38 is 1.84 nm,
as evidenced by the CDU of slot 16. With the advantages of sacrificial twin mask of the present
disclosure, the CDU of die 38 is optimized to 0.79 nm as evidenced by the CDU of slot 24.

Thus, the intra-field CDU is optimized for the second layer with the use of sacrificial twin mask.
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providing a first mask including a device pattern; providing a second
mask including: the device pattern copied fromthe first mask; and a
sacrificial pattern that overlaps with the device pattern copied from
the first mask, the sacrificial pattern including one of: an opti cal
critical dinmension pattern and a dummy grating pattern; and producing
an in-layer-device-pattern and an in-layer-sacrificial-pattern by
performng a |ithography operation using the second nask. 2. The

met hod of claim1, further conprising nmeasuring critical dinension

uni f or mi tP048] t hie simmbhgy especiactithd presend digslustre providefasaceificial twin mshduar i ng

iti | I, i.f s t

ppr ox metrRAY AR Rt HiesP TR B R Ree et at oo

'flh re c;u : {xacmﬁm;lattemspéhéplumhtggofaadnﬁciafmtteﬂnshi&ygrchqﬂnhtgram@lhe ﬂ@mat(;ernf] usi ng
irs i

LT car SREae ATPGR R B8 Brofhor Sz 15k Sl ll e R Ben

i nspect i dheusediCDUlvptiniziticrd Inﬁdd‘iﬁm,ﬂae@lm aliteofsacrifichd pateas provides s_gsteutah@ al

The et haP Bleeeient st OEREAnaRk TRk ailh Blehiifenof, LW R G o

;J ni 1;] orm tBurthaﬁdow;it%ﬁ meoﬁhe mbﬁtgamtmagibecophmiz&ﬂ Witk aiméxfEly PRtk F}nat provide

echni qu .n ron C ec ue.

b e raheh e Pt ra i e TSt T Thg CPR P B b e B R

i ncl udes ﬂsmebmﬂumr maﬁ%pﬂnﬁzﬁgﬁﬂi thevdormtryl griatid gosakterng) Ukhe CDU of Bl3pecifiet hod

of clai mll V\'h%asﬁle 'second layer, may also be optimized with dummy grating pattems. For

D

average CD measurement by CD SEM, the plurality of sacrificial patterns enable smalt dummy
gratings to be used. With the sacrificial twin mask, intra-field CD uniformity may be optimized
without the limitation of sampling size and the location of OCD patferns.

[0050]  Itis to be understood that the following disclosure provides different embodiments, or
examples, for implementing different features of various embodiments. Specific examples of
components and arrangemnents are described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limiting. In addition, the present
distlosure may repeat reference numerals and/or letters in the various examples. This repetition
is for the purpose of simplicity and clarity and does not itself dictate a relationshil-) between

various embodiments and/or configurations discussed.
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the second mask includes a plurality of additional sacrificial
patterns that each include one of: an optical critical dinension
pattern and a dunmy grating pattern, wherein sone of the plurality of
additional sacrificial patterns overlap with the device pattern
copied for the first mask. 8. The nethod of claim 7, wherein the
sacrificial patterns are identical to each other, and wherein the
sacrificial patterns are one of uniﬁﬁéﬂié spatially distributed over
t he second mask and uniformy orie | ative to each other. 9.
The met hod of claim7, further conprising neasuring critical

di rension_uniformty of a subset of the

i n- | ayer - ¥ ¢lpimediisinat t erns, wherein the subset of the

i nl ayer-sacrificial-patterns represents one or nore |ocal regions of
the second mask. 10. A mask for o[)t.i m zing critical dinension

uni for m tly metA webgy foreptimizieg entird! dimeosipn uniormitenaimolagy in ittegrated k
conpri si ng... .. i . e i.ed:froma production nmask; and a
sacrifi c{L%Fmgg%qﬁ%ﬂﬁﬁs?ﬁéﬁﬁeoéépﬁggiﬁ%sﬁg't he devi ce pattern, the
sacrificial pakdvading h fiedt nehsk thehudéngof devize patpdrhcal critical di mension

pattern and a du rati aftern. 11. The mask of claim 10,
wherein the WQEW%%EE‘?PQE‘?%‘%WF@Q% of additional sacrificial
patterns that ygagdlidePatétl@oMBe frof théfrsPRbatigal critical dinension
pattern and a dum*ryqng_rati ng pattern, wherein sone of the additional

plurality of <$adppddridgiciel P hehevedors vislpthgidenice pastesresapecs froan therfirst

12. The mask of i . I i.fiCl . . : .
identical to eacll’ﬁlg%lf ﬁﬁg%%cn%qm%?%ﬁ}dﬁg@ggﬁ *1?&8{12@%%§§4t1§?ﬁé5n%gp e one
of uniformy spatatain anddidmnpgiagog patern;t he nmask and uniformy
oriented relatiye t,o.each.other, .13. A nethod for optim.zi
oritical di mortd BreCRsiRg OF - EyErieyicGIANT ARC PR LY SraR s PaEm by
manuf act uring, theforaingaditkaFRihyYpBaitioRtaNg teRgond akist mask

i ncluding a device pattern;

2. The method of claim 1, further comprising measuring critical dimension
uniformity of the in-layer-sacrificial-pattern, wherein the measuring critical dimension
uniformity results in measurements that approximate critical dimension uniformity of a
layer of an integrated circuit produced by performing a further lithography operation

using the first mask.

3. The method of claim 2, wherein the measuring critical dimension uniformity is

performed as an after-development inspection.

4, The method of claim 2, wherein the measuring critical dimension uniformity is

performed as an after-etching inspection.
5. The method of claim 2, wherein the measuring critical dimension uniformity

includes one of using an optical critical dimension technique and using a scanning

electron microscope (SEM) technique.
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provi ding a second mask including: the device pattern copied fromthe
first mask; and a sacrificial pattern that overlaps with the device
pattern copied fromthe first mask, the sacrificial pattern including
one of: an optical critical dinension pattern and a dummy grating
pattern; and performng a |lithography operation using the second mask
to transfer the device pattern and the sacrificial pattern frontthe

s ]ecglng m 0[(J é’%ﬁ{ Y& %f%{l)arurnssrt r‘%l%rlegnr it 5%}1%%16?]"{1\& Lflecfdmlﬁae i?cluge melo 8¢

anot her dewmevaagé-ﬁﬁamdlh@echﬁqm@ a fourth mask including: the
anot her device pattern copied fromthe third nmask; and a flat pattern
that overlaps wth the another device pattern; and prior to the

perform ng theryeif IRGH FUNmMAP@hafel#n Usi ng the second mask,
performng a |ithography operation using the fourth nask to transfer

t he anot her del¢ speobmeskrincludes artherakityanf agditional sactifioial patierisdbatieachmask
to another |ayer mgfudé Eﬁe Bte 34 @t&%ﬁ&l{ti’&ﬁﬂ{rﬁhsﬁ %{rhrﬁ"ﬁﬁ vy eddﬁuh{ﬂ gr&ulg%

produced fromthe seco ayer
fromthe fourth pask, sﬂtei‘eni fvmic dfhie slacatityf mfmdainoﬁeltshmf‘rmatl patesrhsl gverlap

overlies the flat tﬁﬂ? 15. The g}ﬁet hod of %I aim 14, wherein the
sacrificial patt¥®t ev&%ﬁ%“&?&‘%d °IHEJBAEs the flat pattern;
and oriented uniformy relative to the flat pattern.

8. The method of claim 7, wherein the sacrificial patterns are identical to each other,
and wherein the sacrificial patterns are one of uniformly spatially distributed over the

second mask and uniformly oriented relative to each other.

9. The method of claim 7, further comprising measuring critical dimension
uniformity of a subset of the in-layer-sacrificial-patterns, wherein the subset of the in-

layer-sacrificial-patterns represents one or more local regions of the second mask.

10. A mask for optimizing critical dimension uniformity metrology in integrated
circuit manufacturing, the mask comprising:
a device pattern copied from a production mask;
and a sacrificial pattern that overlaps with the device pattem, the sacrificial
pattern including one of: an optical critical dimension pattern and a dummy

grating pattern.

11.  The mask of claim 10, wherein the mask includes a plurality of additional
sacrificial patterns that each include one of: an optical critical dimension pattern and a
dummy grating pattern, wherein some of the additional plurality of sacrificial patterns

overlap with the device pattern.

12.  The mask of claim 11, wherein the sacrificial patterns are identical to each other,

and wherein the sacrificial patterns are one of uniformly spatially distributed over the
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16. The method of claim 14, further conprising nmeasuring critical

di mension uniformty of the sacrificial pattern fornmed in the |ayer
of the test-integrated circuit; wherein the neasuring the critical
di mension uniformty results in neasurenents that approxi mate
critical dinmension uniformty of an upper production |ayer produced
by performng a |ithography operation using the first mask; and

wherein the u r ductio | S dIS osed above a | ower
productiﬁwmkﬁsg n%&Bﬂ%BEﬂ“ﬁﬁfE@&?H%ﬁ?hafﬁ ‘li t hogr aphy operation using
the third mask. 17. The method of claim 16, wherein the neasuring
critical dinmension uniformty is perfornmed as one of an

af t er - devit oprfemeﬂxoﬁ&ré@ttipéﬁn&ﬁ@i%hdim%ipn BRIEMTI TRHElRayin dffegrated
The neth @pﬁgﬁ:@ & ond mask includes a plurality
of addlt?%hg$n%%€% at%e?nsﬁhﬁﬁ%rein sone of the additiona
sacrificial pambxedmgad‘mﬂnﬂaapmmhtdmgméevmmatwnpat tern copied fromthe
first mask; wherei.n the f urthpfgﬁk ncludes a plurality of flat

patterns, whePSidigascepd mask MSatterns overlap with the anot her
devi ce patt er Ah&@RiRPaftér@opibe fibhi thel fifdd slesk; and a whiteilalpaashihal t he

prurall Ly of addlLonal Racti ket ol PELLer s, eSO R
pattern including one of: an optical critical dimension pattern and a dummy
grating pattern; and

performing a lithography operation using the second mask to transfer the device
pattern and the sacrificial pattern from the second mask to a layer of a test-

integrated-circuit.

14, The method of claim 13, further comprising:

providing a third mask including another device pattern;

providing a fourth mask including:

the another device pattern copied from the third mask; and

a flat pattern that overlaps with the another device pattern; and

prior to the performing the lithography operation using the second mask,
performing a lithography operation using the fourth mask to transfer the
another device pattern and the flat pattern from the fourth mask to another
layer of the test-integrated-circuit;

wherein the layer produced from the second mask overlies the another layer
produced from the fourth mask such that the sacrificial pattern directly

overlies the flat pattern.
15.  The method of claim 14, wherein the sacrificial pattern is:

a same size and shape as the flat pattern; and oriented uniformly relative to the

flat pattern.
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16.  The method of claim 14, further comprising measuring critical dimension
uniformity of the sacrificial pattern formed in the layer of the test-integrated circuit;
wherein the measuring the critical dimension uniformity results in measurements
that approximate critical dimension uniformity of an upper production layer
produced by performing a lithography operation using the first mask; and
wherein the upper production layer is disposed above a lower production layer

produced by performing a lithography operation using the third mask.

17.  The method of claim 16, wherein the measuring critical dimension uniformity is

performed as one of an after-development inspection and an after-etching inspection.

18.  The method of claim 14, wherein the second mask includes a plurality of
additional sacrificial patterns, wherein some of the additional sacrificial patterns overlap
with the device pattern copied from the first mask;

wherein the fourth mask includes a plurality of flat patterns, wherein some of the

flat patterns overlap with the another device pattern copied from the third

mask; and

wherein each of the plurality of additional sacrificial patterns directly overlies

each of the plurality of flat patterns.
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