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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 CIl AL TWN MASK BACKGROUND [ 0001] The
present disclosure relates in general to integrated circuit

manuf acturing, and nore particularly, to a systemand nethod to
optimze critical dinmension uniformty in manufacturing of integrate
circuits byMETHORANDSYSTEM FOR OPTIMIZINGOINTRARFIELD GRITECAL

circuit manuf pEBENSION UNIFORMITYUSENGA S ATRIFICIALY TWEN MASRDP! i ed
to a sem conductor wafer surface, followed by an exposure of the

resist through a mask (e.g., areticle or photomask). A
post - exposure baking process is then perforned to alter physical
propeBAEKGROUNE resist for subsequent processing. An

after-devel opgent i nspection D), is then . perfornmed .to ipspect
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i nspect | (AEl) . is then rforpged .on the wafer. [Q003]. Tradit] I
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effects that not only limt the accuracy and repeatabilTity of

CD .
met r olooghotomask)alds postsexpesute bakjeg arocessds theaqueriomped tosalten physisal properties of
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than SEM and the sanpling ratio of OCD is nore accurate than_the

sanpl imHgrogcope(SEM todetgsmmineukethenitcqnfomstos sporificetions 1€ thegesishigvithin

be us i'nspection an e i'ng Inspection

i t 0 optnspean@RBINisitBénbérformed/dothexaséri ng SEM and OCD t ool s,

inter-freld critical _dinmension uniformty may be optim zed., .
I nt er 190081 9 Fraditional $EM)insprctionhavieysr. paomes 2 bottleneck 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.
OCD 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




ot ai ned by exam ning the die-to-die CD difference between a
furality of dies on a wafer.. For exanple, inter-field CD
hiformity optimzation may be perforned over 80 die to inprove the
ality of selected nmeasurenent points of a wafer surface area.
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OCD samplings that can be performed by a scanner.
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[0066] Therefore, a need exists for a method and system for optimizing intra-field CD
uniformity, such that intra-field CD uniformity optimization is not limited by the grating size or

the location of device regions.




FOOOQ] Fig. 2 is a diagramillustrating an exenplary portion of
resist grating. [0010] Figs.. 3A & 3B are diagrans illustrating
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i fferent scanni ng net hodol ogl es of SEM [0011] Fig 4 is a diagram
| lustrating a graph of sanpling effect on CD correlations between

vefage line width (ALW neasurenent wi th 35K magnification and OCD.

0012] Fig. 5 is a diagramillustrating an exenplary OCD grating. - -
0013] Flg 6 |s a d| agram i1 ustratl ng an exenplary dunmy grating
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[0010]  Figs. 3A & 3B are diagrams illustrating different scanning methodologies of SEM.

[0011]  Fig4is a diagram illustrating a graph of sampling effect on CD correlations between
average line width (AL'W) measurement with 35K magnification and OCD.

[0012}  Fig. S is a diagram illustrating an exemplary OCD grating.

j0013]  Fig. 6 is a diagram illustrating an exemplary dummy grating pattern.

[0014]  Fig: 7 is a diagram illustrating an exemplary sacrificial twin mask.

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

[0016]  Fig. 9 is a diagram illustrating an exemplary process wafer subjected to optical
critical dimension {OCD) based scatterometry.

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

[0018]  Fig. 11 is 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.

[0021]  Fig. 14 is a graph of inter and intra CD uniformity optimization for the second layer

using sacrificial twin mask.
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4 {Lam . _ DETAI LED DESCRI PTI ON [ 0023] For the purposes of pronoting
an understandlng of the principles of the invention, reference wll
now be-fade to the enbodi nents, or exanpl es, |IIustrated in the
ﬁiamnngs and specific Ianguage will be used to describe the sane..

Wl |l neverthel ess be understood that no Ilimtation of the scope
of the invention i's thereby i ntended. Any alterations and further

gBS:TL;?E ons of t%g%ﬁgg 3ngthEﬁﬁggﬁﬁ%égﬁgggﬁggéﬂ%@é%&ﬁ@@ﬂ”ﬁ%re|n

are cont eapifaiatdviasnagbul d normal |y occur to one skilled in the art
to which the invention relates. Furthernore, the depiction of one or
nore el enments inclose proximty to each other does not otherw se
precl ude the existence of intervening elenments Al so, reference
nunbers may be repeated throughout the enbodi nents, and this does not
by itself indicate a requirenent that features of one enbodi nent
apply to anot her enbodi nent, even if they share the sane reference
nunber, [0024} Aspects of t he present disclosure provide a nethod and
systen1for optimzing intra- CDuniformty by using a sacrificial
twin mask. In an illustrative enbodinment, a sacrificial field twn
mask i s provided. by maki ng a copy of the original mask provided by
the custoner.. The 4 sacrificial twin mask conprises a nask that
includes a plurality of sacrificial patterns. In one enbodi ment, the
pliurality of sacrificial patterns is a plurality of regular or
repeating grating-like patterns, such as OCD grating patterns.. In
an alternative enbodinent, the plurality of sacrificial patterns is
al|plurality of flat dummy patterns. The plurality of flat sacrificial
patterns nmay be positioned over device regions of an integrated
cifrcuit. By providing a sacrificial twin mask having a plurality of
sacrificial patterns, intra-field COuniformty may be optim zed

wiithout the Ilimtations that normally result from OCD grating size
and sanpling size.. [0025] Referring to Fig.. 1, an exenplary
| iilt hogr aphy process track | includes wafer supply




racks 2, a resist spin-on station 3, a soft bake station 4, an
exposure station 5, a post exposure bake station 6, a devel opnent
stati®n 7 and a rinse/dry station S. A controller 9 automates the

| i t hography process track | by communication with wafer supply racks
2,»soft bake station 4, post exposure bake station 6 and opti cal
metrol ogy station 10. [0026] Process wafers are first supplied by
waf er V. Fack A Ase resist spin-on station 3 to coat the
resi st Rt PESCRIFLIDIN The wafer is then soft-baked at the

Sof t - be23pt alfop topuaptides 67 prormbibng axtrtierstbingafibs pinistsof hingention,
expose the wafer. Afterwards, ost - exposur e hake |s. perfor.ned on
e, wa PR liopRa meseoSBs SRR oF St Bea e B R nd
transf gpdcARt Ihfubfewh] BYRH P IRBibethbdnty) [Wwill mivéreieledebelmiarsot that e
waf er nmay either be inmediately .transfe_rredd tg an optical r%trol ogy
st at i ofimigtion ofghe jeope efithe dnvention isghsrehsyniseded; Apy alterationsiagd frdehei ng
transf ﬁ{ord%ﬁ%‘r%rf-g 5;% h‘% dﬂ?&#b%& B HiEREA%hdShe hlrfer Aflicalidgs OPhE GAhciples of the

nmet rol ogy s cl'udes a spectroneter for collecting spectra
of scafrtventiz dsidggeribéd bereinteee candérplatod anwolild noratally opows to orprkilled in the art

controller. 9. .pr.ocesses, .th | ec . [ | and
or 1 or KR B EERRS felath, ettt She RREDE Br e of GRL Befiaes btite 2
may bepi'omiblo 'm%ﬁﬂowdﬁeﬁlnbﬁtﬁh@ﬁmh :pﬂdchﬁe{he&ﬁistenoqomﬁinmvenin’glebhmgy z:.]Iso,
station 10 or other arts o e lithoagr oC . torac i L.hout
depar t TSiJeRREUEIFERaY AT R g’e%é%ﬁ%@gﬁ%/ﬂeg{ii G Jpe ff’b#fffl
Ref er r {Hagtale® rEdufirenent fhaf REiuds 0¥6aé efiBodimdntiapply oF M@ therBiBodimestséven if
process wafer Is passed thrqugh the lithography process track 1 to

f or m athershese the semereftrerra silgipl e, resist lines 12 and 14 are
for rredgj)?gzr%ljlng Ap R ESI8hE 'féké}ﬂgislzl'oglfﬁ'g p&cﬁm_ AR dnﬁﬁyst?;ﬁ\@aapiiﬁdzruﬂgf i£taS

to an ary probe spot size r incident light fromwich
scat t efidd 0D ghformprby nsings seoificd twin magkn & anllaptativapmbedimentcgyacificial
01 MeNSE 0 e F Rl BRIy GALRE L 80 b9he CEAIAREERAA BY BiEhidmEOheCt S
one or nore scattered spectra fromthe resist grating |I 1 and

per f or sesrificidlftwircinhskncomaisys & maslothpt iovlndes a niwralityofsacpfipehpaticese Htoge and

200 S B o WO R MBIl
t hi ckngstgsms) sich B SCDegsanpd pattenise dn 46 altesnaive amb&liment, the Blarality ofvaeifichB
refer Spétt%m% ri]s ae P ?n' iltyatgiy ﬂzﬂ rd%rtx)i?nys Ipa temssl %‘ge gl}(lrality of flat sacrificial patterns may be
positioned over device regions of an integrated circuit. By providing a sacrificial twin mask
having a plurality of sacrificial pattemns, intra-field CD uniformity may be optimized without the
limitations that normally result from OCD grafing size and sampling size.

[0025]  Referring to Fig. 1, an exemplary lithography process track 1 includes wafer supply
racks 2, a resist spin-on station 3, a soft bake station 4, an exposure station 5, a post exposure
bake station 6, a development station 7 and a rinse/dry station 8. A controller 9 automates the

- lithography process track 1.by communication with wafer supply racks 2, soft bake station 4,

post exposure bake station 6 and optical metrology station 10.

[0026] Process wafers are first supplied by wafer supply racks 2 to the resist spin-on station
3 to coat the resist on a wafer surface. The wafer is then soft-baked at the soft-bake station 4 and
transfeired to the exposure station 5 to expose the wafer. Afterwards, a post-exposure bake is

performed on the wafer at the post-exposure baking station 6 and the wafer is transferred to the

AL e




S%for determining CD variation, In this exanple, area 18 has a

field of '"view (FOV) of about 150K magnification and is about | urn

x Eum , Thus, the neasurenent box size of OCD using OCD scatteronetry .
i siabout 50 um x 50 um whil e the nmeasurenent box size of the SEMis
about 1 urn x lum The sanpling ratio of OCD to SEMis greater than
2500 times... [0028] Referring to Fig., 3A a standard scan single

i ne measurenent, of. resi st ating | wi_th 150K nifigcation is.
shown - PHTRELSITnI . ARRCieGelnBR e AR R I DEEm ety Sansiopd o
smal | saepbptivgl méttstogyFhtioni 100 BhHiNctdPy. atfseldy Atlitdtlin BeR0e ebtitrankBrred
Fig. 313 n average line wdth (ALW neasurenent of -resjist grating
11 with %ﬁe %&fﬁf metrolegystiation 10n Jhg optialhmetrelogy statian d O énplugdes a gpepiggmeter for

field of coieBing(dpcda ARchtRlIqNS: HOh tﬁ'@’}egilbtﬁhea dl%lm forRAe UTRI &Rt S Her (E:?Smcesses

Mil tiple |ine measurenments increase sanpling nunber and reduce C
erfor wi thesaliectrdspectrr of septtenct dightymd perfortms 4 RifEactioanpalysis t Aspestawpihic present

size is | . | i ng, size, nea ' ,
ol nt s, UaprireshBPe o AGhEln ARTRE QHBIER Fr bR b O oty
a st ati sparisaf thetlithography psocedsrrach il svithsardyperting the spisiad scoyg gidheiresai
aver age é.s used as the SEM CD standard, 6 T because nore than 30

sai Iing‘%?smes as required by the standard scan for each neasurenent

| ocat i onfon$7]NOt Rferingits Big, 2] DRF:B] orRedeer 1 i Bsknied Whedh a st poddbsAgdfaTh passed
i |} ust ra&'}%ﬁ%ﬁ%} glgﬁ%ph of sanpling effect on CD correlations between
ALWtreas c Lihegramyaracses tragk i donnt ¢ eeaist paiterm Fooepmple. degistdineyl 2 and
COT I €] ik BmbShAigiprs % A2 '
hodol ogy. The Y%%’g;q S IS?&%F‘%%& 2 1Pepr espéfra? S %ﬁ%&?@ﬂagﬁ gm%l]gry
AL|W meastrplaspph sizg fohingident 3kt from wihaginickiterad light spFiten is Xolectel veing gn apifeal

22 b SRR AR S Ble Ty, SRR AR By KDy v
asur ersexiteradi s\ﬁﬁh&(ﬁiﬁnﬁﬁk rasigﬁ gaa?ﬁ i fafli périgms_airi]ﬁacg'?xyn mﬁlyx%;:tgme\mjwl .
. neans e . :
Ctandar dere kst e tad gL rdirraban. ke SRR O hRR o
SEM sideavelll negtle mésist Bodknt &) KRC Mydrakiokddss, aint @R dert layermigthiciossss. | Bihis

such as 80Kx35K x-y.
P- example, ares 1 6y1$ about 50 um x 50 um. Area 18 refers to an exemplary probe spot size by

SEM for determining CD variation. In this example, area 18 has a field of view (FOV) of about
150K magnification and is about 1 um x lum. Thus, the measurement box size of OCD using

- OCD scatterometry is about 50 vm x 50-um while the measurement box size of the SEM is about
1 um X lum. The sampling ratio of OCD to SEM {s greater than 2500 times.
{0028] Referring to Fig. 3A, a standard scan single line measurement of resist grating 11
with 150K magnification is shown. In this example, the sampling size is one line. With sucha

small sampling size, CD uniformity may not be fully represented. In Fig. 3B, an average line

width (ALW) measurement of resist grating 11 with 35K magnification is shown. ALW
measurement enlarges the field of view (FOV) and allows for multiple line measurements.
Multiple line measurements increase sampling number and reduce CD error without sacrificing
throughput, In this example, the sampling size is seven lines. Greater sampling size means more
sampling points. With more sampling points, CD or CDU values would converge to a statistical
true value. In this example, a six sampling point CD average is used as the SEM CD standard,




n%gnification, CD SEM neasurenent may reduce the |ine edge roughness
effect on the CD nean, [0030] As discussed above, good CD
nmeasyrenment data or netrology and | arge sanpling size provide
better- CD uniformty.. However, the large grating size of OCD

patit ern becomes an obstacle both in teens of sanpling limt and
sanpling location. [0031] Referring to Fig. 5, a diagramillustrating
an exeﬁlcary OCD grating is depicted.. In this exanple, a mask 24 is
pr ovi defeiust morsibagy$ Qedmmniing ppintvras rapiredioetht standued $can §e egrtahéasgrement
patter ﬂor%itiéﬁisq-fot?{&cﬁng 60 um the OCD grating pattern 26 does not
distribute uniformy in the mask 24 and the sanpling size is also

li mi t ed9929)r eReftuping fo Bigl 4, a diagr@fDhsaningiagmhrdYahdingREedtenTgy. . | n
addi ti r gt attern 2 t be ipnserted onto, devices
Such acorelpifyenedh AW SRt yah iR, AR eGP Boleotk
X-y - mihedrictationdsna funone o SaRbling e a8 aa:ﬁpiintgh@éwdgiﬁgy%ﬁe ¥ QuxfsXdP ah
dunmy g?nzli,tl n%gﬁ ern for an ALW neasurenment bg SE may al so.bg sed
to opt i“Ai PES FgIsHempnts ob mRaquEemenh ith SUKX K oy megnifisaficsmThe
|| st awiisef Sapiexneplediits VMBI R\ RED. B BileRamSIERMEEE Lorredin
this e l"g’hﬁmsk 24 is provided wth a dummy grating pattern for
ALW 1R-94%5. Jing. CEhaeagupements of Be. Ve mengprapreat it 8R4 ©-y32 i S
about BabkiBeati f | na er.formed. . For
xanpl o ifeiticn dftery A0S 6 U mell Gp BB HIRUE Gk B e b
gr at i ngvepreetSEM CRestandardy algrcst as(CD pasitiee as OCDa s conimyisooio staR@ard CD
nsert Ot ' SRAM cel | . 34. 7.10034] For any

shor t cgm ng%@#ﬁ%@ﬁ?@y@}%g&% gﬁ,w%m% Jow penificafion, spch a3R0KX 35K ¥ s
bot h  Mmagrgfication, (D iSEY! sieasrennaht Ay PithegRs 1R edpCRUERRsE S8:cPbn Me\WISIUMTY
patter Referring to Fig. 7, a diagramillustrating an exenplary
sacrificial twin mask is depicted. Custoner mask 38 conprises a

| ayout[0030]' a Ak disalsséd/abie, GOVE CB :ﬁa@ﬁ@ﬂgnt-daﬁﬁf tefrblolRhnd 1 s%?iﬁﬁjn@
n

is a copy of .the customer mask 38.. The quality of "Ssacrificia
mask 4%5)%95‘“56%@?%1[%&%‘{;@% Hawevendhe lpege grating size of OCD pattern becomes an
obstacle both in terms of sampling limit and sampling location.

[0031] Refening to Fig. 5, a diagram illustrating an exemplary OCD giating is depicted. In
this example, a mask 24 is provided with OCD grating pattern 26. Due to the large grating
pattern size of 60 um x 60 um, the OCD grating pattern 26 does not distribute uniformly in the
mask 24 and the sampling size is also limited. For example, only ten OCD samplings may be
performed. In addition, the OCD grating pattern 26 may not be inserted onto devices such as
SRAM cell 28.

[6032] Since an ALW measurement with 80Kx35K x-y -magnification provides CD

uniformity that is close to OCD, a dummy grating pattem for an ALW measurement by SEM
may also be used to optimize CD uniformity.

[0033]  Referring to Fig. 6, a diagram illustrating an exemplary dummy grating pattern is
depicted. In this example, mask 24 is provided with a dummy grating pattern 32 for ALW
measuremnent by SEM. The size of the dummy grating pattern 32 is about 5 um x 5 um.
Thersfore, more sampling may be performed. For example, 80-100 samplings may be
performed. However, similar to OCD grating pattern 26, dummy grating pattern 32 also may not
be inserted onto devices such as SRAM cell 34,




custonmer mask 38. In this exanple, customer nmask 38 conprises a

| ayout of device regions 42 and 44. Device regions 42 and 44 may be
regi ons for devices to be patterned on the substrate, for exanple, a
SRAM cel | . [00351 Sacrificial twin mask 40 conprises a plurality

of "sacrificial patterns 46. In an illustrative enbodi ment, the
plurality of sacrificial patterns 46 maybe inplenented as a plurality
of grating like or repeating pattern, such as OCD gratlng -pattern
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di mens PestPTRsT sk 3fn In thie cxample. chstameranesk 38 comptites adapuf) ﬁﬁdevme%qml‘fﬁ
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t he pl pattadns ﬂ@hasfd &memsuin afi 79 unpa 70 emngithidh dree éfrabostdS0i d%ial twin nask

40 rmy[OOé"t’ﬁ W oG ddi?' Bn,daes\falatzclgg 47d p?gs%nt%etween the Pllll'aflt}’ of sacrificial patterns 46,
Spacing 47 is independent of OCD grating size. In this example, the spacing 47 in the sacrificial
mask 40 is 1000um. In order to reduce the interference between the plurality of sacrificial

pattems 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 pattems 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 dumny 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
patterns 46 that are like OCD gratings. Furthermore, the limitation of OCD pattern location may
be eliminated, because the plurality of sacrificial patterns 46 in the sacrificial twin mask 40 may

now overlap device regions 42 and 44.



7 .
ti 100371 In addition to global optim zation of CD uniformty, |ocal
selectiwe CD uniformty optimzation may be perfornmed with the
plurality of'sacrificial patterns 46. Referring to pigs 8A-8C,
di agranms illustrating exenplary |local selective CD uniformty
optim zations are depicted. In Fig. SA a plurality of sacrificial
patterns 48 are selected fromsacrificial twin mask 40 for sanpling.
| this citiFpl e, It aiditiohus lobiopiniABbe s} ARG Hbd AL DMty
are |ocatgg at four pSOMBI S of the sacrificral twWn ms , thne
center of ‘the sacriy P& PEFomHvikethk placlitvofisparifivial pyttens 465 Refeningth Figs
sacri fi ci&i-8Padibgums ilHSa Mg ek aRpll ' j.on. 42 and a plurality
of sel et_itdglgctg&c%lié;i‘ig.c' al pat_tgdgllr;]ls _ g%%g%%%aégﬁn%unfagﬁ%@%%ﬁmarff4..
[0038] N Fi g 85 SPhrpluritypf sicrifeict pdtiemisa apndelceted SroaDsafificial twin mask 40
sel-ect ed forsampERAE I Infthic b | for,sanpling.. In thjs
exanpl e, the pFﬁ%al ity o %gt@eﬁ%ﬁgaoﬁfﬂ]e‘i’tﬁq sgeniicipknafiorgs Sparglogated at four
| ocat ed &PTReHEEH Fhe@@cn&gi bvintrvek dacthe Eartdral tHe\Whdd HERS Faviﬂ(ﬂaasﬁ Q102 piEki b

. 1 t 40 i

of it he sgggdidd £ Jowip. mask 40, and.a, plurality o acrificla
patterns S%dtgodvsgér; acﬁ%}gﬁ{ggeras'e\i/%(g‘éﬂagﬂf‘%ﬂeﬂ%reglﬁn#2 gnd a sl@ality of balactet! sacyficiat

sacri f i cP@ersaBtoventapphi devize s@ligcdsed from sacrificial twin mask 40
f of sarrph@g@. I ﬂilr_..hi?%ex rrp#ie, the plurality of selected sacrificial
patter ns@ ar "1 D&at2d Bty ¥ speiiistal pasternsi$l asaseteicfet] Gioal satrificial twinsiesk
40, and 40 jor smaplingy ofhisssxambld G ut side. of device.regjons
42 and 44 By alloni ng the bsél e?z$‘§ﬁ§gf§#%56§|sac§g%ﬁlpqt@p§?§ B’ﬁllotcﬁtg
48, 50, ‘and 8¥ CnEkE ikt masid0, e whterofithelsdotificibliwvid MERKO, and &

sgl ect i vdurBkd o€ 54e5i e Inf QLB optim zation _may be performed on
only those, | ocal " sel e%aﬂg{/ﬂérygé)?fgarp%’?g.d%?"ﬁefq%@‘&ﬁ/a);’?f"’cgh%c’ yrditheince

of! i nt r 3Fitisial pettsrami2rase sslecpedfiparh shcriiclabviA sk b for SREANE I 1 thik BAANE.

Ag | scusEaslualQ\R seltld catteronetry is used to ‘col'lect one or
nore scattered sgeectra rg%af gteﬁngéggfel aind; ah fpur coners of he pacaiion! twin

et L i e g iy L) e
diiagram illustrating an éﬁ Eﬁfﬁq ? g SésSDmemairerents mey bebizined fr the al

or i U1 caloctsleptiveqniteioCh)d OBatonsibadliBh Ty 3 pdaR Rl s onl el 100
conpri S@ecﬁvé%artt%lglsl E‘%ﬁ’fs‘r‘%{?& and a second Iayely X efirs ayer,

e as

62 may CONPrI % Hherssiognange pf nga-fisld D yaifbrirdtyroptitiizgtion map t
| ayer i b isdpsavedef i ned
r [0039]  As discussed above, OCD based scafterometry is used to collect one or more scattered

i
H

spectra from the resist grating 11 and perform diffraction analysis such that uniformity
measurements and additional information may be gathered. Referring to Fig. 9, a diagram
il]u_strati_ng an-exemplary process wafer subjected to optical critical dimension (OCD) based
scafterometry is depicted. 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 as an OD layer. The second layer 64 may . c_:_qmpri_éé a poly layer 65, an antireflective layer 67,
F and a patterned resist layer 66. The poly layer 65 may include silicon dioxide. The patferned

resist layer 66 may include material such as SizNj.

[0040]  Incident light 68 from a probing light source of a spectrometer may be directed to a

probe area of the resist layer 66 forming 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 from the surface of



as an ODrnl ayer. he resist |ayer second | ayer nmay conprise a poly
fyer 65, an antireflective layer 67, and a P The poly |ayer 65 may
clude silicon dioxide. The patterned resist |ayer 66 may include
terial such as Si3N4. [00401 Incident light 68 froma probing |ight
urce of a spectroneter, may be directed to a probe area of the
ém st layer 66: formng an incident angle 9 of between 30 to 90

gr eesreMikst thver 66 %Pc@xcﬁasénﬁ) §g ?ésﬁs‘f or?ﬂdﬁ faee rod*feeﬂiéféota@]é sZQ.teQJd 1idhe74.

|nC|dent |Ig t"68-is-scatter he sur ace of .. resist
lfayer 68caitered ligdds enjlettod bug nom@sﬁlcmal dasectaromcly s g @Oé? @wéétec’m at

det ect a&j’f@ Nefeﬁgtgr | A%Zﬁm an?f&?igg %ﬁgpelrfog'géd Jn%cht?er&ﬂ dhe6d bl @

convent | ona ‘detec as a array detector, different
V\hvel engﬁ—émlmeﬁudiai fnlfc&ﬁiauanmﬁ]lmhgf&d&nbﬁalﬁﬂfemmnfo@ﬂmebmﬂn)&cé& t er ed

1§ ght obt si-onal " nformati

atidi ti Zﬁ?&? ! nf JR 8 @5 prateramsiyio pliFst scered 8@@%@ FFS’SP__]E_ B ﬁrﬁo e
D s caocgrs@mwmetﬁya;ssﬁelgﬂei or&@;%aﬁx@g’;%ﬁeﬂnb ghtheffirstiayee sl sAnj g glarGBttem
the OCD scatteronetry uses regul ar repeatin att n t he d
first | eybe Desblaxpnps il ibedEDapiectionsicriand OGP medalipg cDinga oon

i St ur bifbo LR CALLASKLNG SIABAE A0t QLR pRdalofhe The, m aepet

| ayer repeatin attern I rregul ar 'patterns of
the fi rm@asws’rbv ﬂ'@zlewgtpr nistsome cumstwreﬂdﬁymps{ra hywese e patensd e first
cust ongyc gl ANe [T sks, however, the patterns of the first |ayer 64
are irregular. ] Referr| ng to Fig., 10, a diagramillustrating a
custo me[miﬁl ovi Ridchmg&kFxgot@) rai rhagmgn ll]usﬁmgxglaa:ustmemnwdebaaﬁklcmypﬂsmg

patter t b

grating ﬁrglﬂ’ m%ﬁ yer @{E’?%%&;e(g“Wu Ty ?53?‘53?3311 ﬁge%a.,fm

patter “@at&% in thoecdont Syt 6y £1d eﬁﬁuralfﬁﬁ:fu@égag]aabaﬁemm sh tireefiystl ayer 62, The
rev t the seco

tt 8 the, f t | 6
P e peat | Mg el Bl paems g2 Bl IR Y o BTG SO EL e PP
fai | ur egrsiingt fiten BRORSashAACHhich 1dads foithd RAiGR of HaisbnfTdnr ¥RE-Feld@Ty or

data requirement.
uniformity metrology or data requirement.

[0043]  The sacrificial twin mask of the present disclosure may be used to correct the problem

of irregular patterns in the material layer. Refeiring to Fig. 11, a diagram illustrating one

embodiment of the sacrificial twin mask for CDU optimization in the first layer is depicted. In

! the sacrificial twin mask 40, a first plurality of sacrificial pattemns and a second plurality of
sacrificial patterns are present in the first layer 62. The fizst plurality of sacrificial pafterns a1¢
dummy flat patterns 84. The second plurality of sacrificial patterns are dummy grating patterns
86.

R [0044]  The dummy flat patterns 84 provide flat areas to clear out the irregular patterns 82 in

the first layer 62 exactly below the second lFayer repeating-pattern grating, such that the second

layer repeating-pattern grating may be measured and the second layer intra-field CD uniformity
metrology requirement may be satisfied. While the dummy flat patterns 84 are preferably
implemented in the first layer 62, the dummy flat patterns 84 may be implemented at any other
layer, including the second layer, or other layers, to provide flat areas for irregular patterns,

without departing the spirit and scope of the present disclosure. Dummy grating pattemns 86, on

10



[0043] The sacrificial twin mask of the present disclosure nay be
used to correct the problem of irregular patterns in the nmateri al

| ayer-.. Referring to Fig. 11, a diagramillustrating one enbodi nent
of the sacrificial twin mask for CDU optim zation in the first |ayer
is depicted. In the sacrificial twin mask 40, a first plurality

of "sacrificial patterns and a second plurality of sacrificial
patterns are present in the first layer, 62. The first pI_uraIit&D

of * sacdh? pie hapd,ae tegplamorapReating paitpns. hiclhenable thesfirstiayer mesist gbRY
P oy 21 datifto 86 meAGHdd AR £rRAbleR el i PC e GhidthizBg patterns  86.

[ 0044] The*du patterns 84 provide flat areas to clear out the
i r r equl8ds] pat Refeming 8PFignl 2, & Mingfany Slpstiatipg ndier exbhedimgntnd]terpachiicid ée@nd

| ayer thask ?&t(%[?%;oﬁ%}zg idh igrt’l"f‘(‘.t Qecrzltgied l%? 84 }sh tic{ .e%nfs]tﬁg QMﬁc%F?(’gé renrask 40, a

repeating-pa grating nay asuredTan e secon

i nt r a-glurelitgl ofRActificiblorattbny aremessentlin gy seqadilayen®ntThepjurblity oésdcaficield. .

Wil e the du flat patterns 84 are preferably (oplenmented in the

Fi'r ot Bellges S Ferred 1o cbB oD RboE 46 ShhGumm R 68 PIYENEALRELY oy

ot her reﬂeaﬁ&ﬁg;pattbﬂﬁ.l TR Mnrh{ 8rabBE 99'Hhal BY Bled tOheRuftecd@I8Yes resisPerpfify/i de
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flat are or irregular patterns, ~wthout departing the spirit and
scope %8¢ optieizp pecerthlydintd-8dd COYU. pDummy grating patterns 86, on 10

t he ot ha I l~a ks . Y oY N
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| ayer in thefisstfayet thdabt secondayery depictedd In figGugflay@eéiths dunmp fsingttern 24

di agr I fratin L@ di fo-0f st he rifici ' mask
For - Rt idss 8t 48l BeA U 8T SRS RutPI e e 1FaIE 52 Al bl

sacr i tlumirgyl gritingrd8nd e sééhnddayepb4irlalihit yxanipls aigerdubiney A4t patien @i ms thabest
present ipn the.,secgnd.l r 64, The urality. of sacrificjial

Dot ¢ olivEt Sh oV dr PR Sempibigeseri Kot DGt AT Pl ng o8
provi Geiswahadunigy bakifg 83 in the fRakd RYer®al Sahilaly, Fhtme danpatgi8s inghedfst
may be used tq.meagsure second | ayer rf3|st gra:[lt{;g and optimze
seconPYPLE/ROYIRES 2ll4t pEp do éaﬂquf?’eerml MBRETT PR o Ipst (fyerL eX&CHY agr am
il usbélaﬁimmﬁ??aﬁﬁgg-y PthObecbhtElapa@yl ficial twin masks in the
first |ayer and the. second layer 1s depicted.. In the first |ayer

62, ti@ﬂléhm&eﬁr’a@g t9diig dfina gaph pfigter anskinfre GD unifeemity eptimigationdr e he
1T egulBhd RPLRINGSaBictal thill Sadsk fsHeplcRUC ThE T - BRI drdphlIR) BVYHE Bis

indicates CD uniformity (3 x sigma) of the second layer in nm. The X-axis of graph 90 indicates

the slot number of the wafers. In this example, prior to CDU optimization using the sacrificial

twin mask, the CDU is 4.22 nm, as evidenced in the CDU of slot 16, With the advantages of
sacrificial twin mask of the present disclosure, 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] Rcférn&}g to Fig. 15, a graph of intra CD uniformity optimization for the second layer 7
using sacrificial twin mask is depicted. The Y-axis of graph 92 indicates the inﬁ-é—ﬁéld CDU of B
the second layer 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 o 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.

11



dffﬂny grating 88 of the second |ayer 64, In this exanple, the dummy
f1at pattern 81 in the first |ayer 62 provides a flat area to clear
out the. irregular pattern 82 in the first |layer 62 exactly below the
dumy grating 83 in the second layer 64.. Simlarly, dumy flat
pattern 85 in the first Ilayer 62 provides a flat area’ to clear out -
the irregular pattern 82 in the first |ayer 62 exactly below the
dummy grating 87 in the second |ayer 64.. [0047] Referring to Fig.

14, a gr #HESDf |Im31&11matgrdaapa¢ts afi&)pmmni dxlsﬂbs‘uye prpvidee sadrificfal fuds mbdkefor

areggﬂdgl)aﬁ,/%rl US|, rl_g%ﬁ%grq toélf-‘l&% g%}l s depi ted .The Y‘H Xi s of

second | sasificialpaiteris. Theplraisy of s@éniwiaa@htt&ﬁk m&@m&ﬁﬁegrauﬁé'lmce?ﬂaﬂéms or
nunber of'the wafers, In this exam prior CDU optim zation

usi ng t heWaRY PALTRS. a‘rSPe‘ffapfqﬂiﬁagqsemtdﬁel’ow@a#sg alew aeéeqwml oflocal ppttraniderd
in the CRhgll @9Pbp t%ﬁ:-zaﬁgﬁ rlntabcﬁtlé‘ig‘{ﬁ’é'ﬁlﬁtgﬁér &Eacrﬁi%ﬁl ﬁiﬂeﬁiszﬁ'ovﬁd% @sﬁﬁﬁl&

of the present di sc osure, CDU is optimz nm as evi denced
by the €Dunessursments oFOCTANS, avmgmlmmdﬂmwu@mms ALV by CRISEHU i s

o SRRSO im0 5B B o

opt i m zaflateread for mrtg;ﬂesqaenmds ina:heﬁtst lagerngd §edCDWiof theldutnmiyrgrating lpatiesns in

d d, _Th ' di h
the. secontirayd FIF inle SHRR%s th B aRGnS dran el heaBu bt e

a waf er . lajyer, id@has ﬂ!)&amhelayephmgralsb@c%&m wﬁﬂaﬂamh@rgratﬁigrpgttems For
sacr|f|C|aI t mask, hl%lntraf el d

evi denc ety Rpe E%EWBP“ @Df@ ?Pﬂu{aﬁw %f&egfﬁ%agﬂ%m @a‘e,l? fmqllcﬂuaw
twi n Maska@igstidiBe el SWiih th@lbfcﬁhefapﬁﬁm mtasl@ zrﬁatﬁa&c@&uﬁéﬂgsmmedm&eh

to;0.79 rimas evidenced by the CDU o sl ot .. Thus,

i ntra- f i €ltkputthe mmampm@wng@ﬁemtbgwmqfé%@peﬁqw the use of
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is for the purpose of simplicity and clatity and does not itself dictate a relatlonshlp between

\]

various embodiments and/or configurations discussed.
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CD neasurenents of OCD and average |ine w dth neasurenments (ALW by
CD SEM Furthernore, the CDU of 'the second |ayer, nmay be optim zed
with dumry patterns that provide flat areas for irregular patterns
in the first layer and the CDU of the dummy grating patterns in the
second | ayer may be optim zed with the dumry grating patterns.. The
CDU of a specific layer, such as the second | ayer, may al so be
optimzed with dummy grating patterns. For average CD neasurenent by
CD SE¥uATEs eLWTMep ys.0f sacrificial patterns enable snmall dummy
gratings to be used. Wth the sacrificial twin mask, intra-field CD
uni f ok-ni t A maEkio for optimigngaticy); dimenson; the method campBHNGf sanpl i ng si ze
and the | : 400, af . t hat
The ol | o Aidings st HhR REk B isted P borkbride b ha O QEAEoBRA,
exanpl es, pfoidingpseomimaskhytiopying éetfirstevaskyand of vari ous enbodi ments.-

Specific exanmpl.es_ ,of ', C onent s [ [,an ._al: i

el ow t o SPAPTT PR dre: s RikpeRay SeRBtontn o HERERL A AREGE bEhea
mer el ynd ehexatund Snadk dvirtein oftical dieasienlof the ineeghdted difcoiy is dptindztdiusingithe t he
present .disclosure nmay repeat reference nunerals and/or letters in
t he &P Exanpl es. This repetition is for- the purpose

of 'sinplicity and clarity and does not itself dictate a relationship
bet ween various enbodi ments and/or confjgurations discussed, 12 ~~
WHAT 3 S CiThe msthod of claim 1.4vhepsin 81 spepnd maek fampnriegs 2 pintalibndt saetsili on,

t he HE&QQQ conprising: providing a first mask for an integrated
circurt conprising at | east one device region; providing a second
mask by copying the first mask; and perform ng at |east one

l'ithagrap ratj I LEMILL I t Jor st mask
and the s c%ﬁ@%ﬁgéwgﬁ%‘i‘?@%’%%ﬁ’?@?@ Fgr?gﬁgéuc'}r? ag%hgﬁéz ]?ﬁta{é rogt ed

Ci r culat paterrgpt i m zed using the 1 second nmask.. 2. The nethod of
claim1, wherein the second mask conprises a plurality of'sacrificial
patterns.

4. The method of claim 2, wherein the plurality of sacrificial patterns is a plurality of

grating pattemns.

5. The method of claim 3, wherein the plurality of flat patterns provide flat areas for

irregular patterns at the at least one device region.

6. The method of claim 2, wherein a sacrificial pattern in the plurality of sacrificial patterns

has a dimension of about 3 um to about 70 um and are uniformly distributed over the second

mask.

7. The method of claim 2, wherein a spacing is present between the plurality of sacrificial

patterns.

8. The method of claim 7, wherein dimension of the spacing is substantially larger than

dimension of a sacrificial pattem in the plurality of sacrificial patterns.

13
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3§% he nmethod of claim2, wherein the plurality of sacrificial
patterns is a plurality of flat patterns. 4. The nethod of claim 2,
wherein the plurality of 'sacrificial patterns is a plurality of
grating patterns. 5. The nethod of'claim:3, wherein the plurality of
flat patterns provide flat areas for irregular patterns at the at

| east one device region. 6. The nethod of claim2, wherein a
sacrificial pattern in the plurality of sacrificial patterns has a

di nensi oh of Eeandthcdl of el 7alieteiniBe sHaciap Hasd @misRdibP b Miwced dhénsion b
over the se%cg%]d mask., , { The_met hod of claim 2, wherein a spacing
i's presetPidl patisin inbe plutslity of sacficialpatems ci al  patterns:. 8. The

nmet hod of'claim 7, wherein dinension of the spacing is substantially

| arger than _dinension of a sacrificial pattern in the plurality of
sacrificlilal paemethed of cleim 8. wherpia eneht ofdhic pitirabityaifivaczificiuh pattsins hesan area of

spaci ng @gﬁmﬁgﬁtg{gog&ztw ce a dinension of a sacrificial

pattern in the p ity of sacrificial patterns. 10. The nethod of
claim?2., wherein each of'the plurality of'sacrificial patterns has

f! . T t .49 n2.. 11..7Th t hod, of .cl ai
2" onendt ARt BB Shh Rt e e "
synmmret r isgainetricaldaelchatther . . 12. The nethod of claim 3, wherein the

plurality of'sacrificial patterns conprises a plurality of flat
patterns and a plurality of grating patterns. 13. The nethod of claim

12, whengi n Theméhbl bEehints NRRPLR el ok McREERE Bftefrk tGiprisel Sphurality
optim zeg usi ng the, second mask conprisesS: determning critical
di mensi GhilgPaterps andia plagphity of gratipemaerns.ural ity of ' grating patterns:
determning critical dinension of'a second | ayer below the first
| ayer using the plurality

13. = The method of claim 12, wherein the critical dimension of the integrated circuit is

optimized using the second mask comprises:

determining critical dimension of a first layer using the plurality of grating pattemns;

determining crifical dimension of a second layer below the first layer using the plurality
of flat patterns, wherein the plurality of flat pattems provide flat areas for a plurality of irvegular
patterns in the second layer; and

optimizing critical dimension of the integrated circuit based on the critical dimension of

the first layer and the critical dimension of the second layer.

14, The method of claim 13, wherein the first layer is an oxide domain layer, and wherein the

second layer is a poly layer.

15.  The method of claim 2, wherein optimizing critical dimension of the integrated circuit
using the second mask comprises: '
selecting a plurality of local sacrificial patterns from the plurality of sacrificial pattems;
determining critical dimension of the plurality of local sacrificial patterns; and
optimizing critical dimension of the integrated circuit nsing critical dimension of the

Plurality of local sacrificial pattemns.

14
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of flat patterns, wherein the plurality of flat patterns provide flat
areas for a plurality of irregular patterns in the second |ayer; and
optism zing critical dinension of the integrated circuit based on the
critical dinmension of' the first layer and the critical dinmension
of 't he second | ayer. 14. The nethod of claim11.3, wherein the first
| ayer is an oxi de domain |ayer, and wherein the second layer is a
poly layer.. 15. The nmethod of claim2, wherein optimzing critical

di mendfon Ghe mpthod of dejmalSewhereinghe pluralits afdoqehsacy BeighRatipras fe domisd 0¥Es
sel ecﬂéhgleg?t%é'ﬁé\li#é% .0f local sacrificial patterns fromthe

plurality of "sacrific patterns; determining critical dinension of
the plurality of |local sacrificial patterns; and optimzing critical

di mension of t i n rated.circuit, using.crjtical. di peNs] t he
ol Lr vy S hofad SLHTte MGt patdRly v oS Ral g B Rocdled | 0F,
15, whoetside of thbet lpistowd device edgidmncal sacrificial patterns are |ocated
over the at |east one device region. 17.. The nethod of claim 16,
wherein the plurality of local sacrificial patterns are |ocated

out si dg of Atk &dr dpBRRngRRicAININERidnAiaR thtegrdt&d ciftulfREMpfighg: 0Pt i M zi ng
critical dinmension of an integrated circuit conprising: a plurality
of grati ng? paplibreferatagaalerptigpdl ity of flat patterns, wherein the
mask is a : LR el R m iR ' ' i
conprisindQQ@%ngg?hgge eV?@gmregio%?li%aﬁw#ﬁ%%ﬁggﬁﬁ%fﬁgﬁg?ﬁ?l8,
wher eintegrafes gicuit spprysing at{¢ash ongalevies regiopr ovi de fl at areas for
irregular patterns in a second |layer of the integrated circuit. 20..
The mask of claim 19, wherein the plurality of flat patterns overlap
t he al9.l edBie mask ofleline &8, wherrimthe phbality of flat patterns provide flat areas for irregular

patterns in a second layer of the integrated circuit.

20.  The mask of claim 19, wherein the plurality of flat patterns overlap the at Ieast one device

region.
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