METHOD AND APPARATUS FOR CALI BRATI NG SUB- NANOVETER
CRI TI CAL DI MENSI ON USI NG PI TCH OFFSET BACKGROUND

[ 0001] The present disclosure relates in general to
integrated circuit manufacturing, and nore
particularly, to a method and an apparatus for

sub- nanoneter calibration of netrol ogical tools. The
present disclosure is also applicable with photonask
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[0004] In conventional metrological techniques, a test workpiece, such as a semiconductor
wafer, with a test pitch is used for calibrating metrological tools. This is achieved by having the
metrological tool measure the pitch of the test wafer, which is a known value. If the measured
pitch differs from the known pitch, the metrological tool is in need of calibration, The pitch of
the test wafer is generally on the order of a couple hundred nanometers, e.g., 180 nm. In this
regard, if the measured pitch differs from the known pitch by more than a given tolerance, the
metrological tool must be recalibrated or any measurements taken by the metrological tool will

be askew.



regard, if the nmeasured pitch differs fromthe known
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[0010] According to one preferred embodiment of the present invention, the pitch offset

value is less than or equal to one nanometer.

[0011] According to one preferred embodiment of the present invention, each of the
measuring operations is done with a scanning electron microscope (SEM) or an optical critical

dimension (OCD) process.

[0012] According to one preferred embodiment of the present invention, the method further
comprises forming a selected one of the first and second pitches in a test wafer using a

calibration mask having a mask pitch that is a multiple of the selected pitch and further
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[0017] In accordance with the foregoing aspects, the method and an apparatus for calibrating

sub-nanometer critical dimension using pitch offset can be sufficient for sub-nanometer calibrations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is emphasized that, in accordance with

the standard practice in the industry, various features are not drawn to scale. In fact, the



[0017] In accordance with the foregoing aspects, the
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[0024] For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments, or exampies, illustrated in the drawings and
specific language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is thercby intended. Any alterations and further
modifications in the described embodiments, and any further applications of the principles of the
invention as described herein are contemplated as would normally occur to one skilled in the art
to which the invention relates. Furthermore, the depiction of one or more elements in close
proximity to each other does not otherwise preclude the existence of intervening elements, Also,
reference numbers may be repeated throughout the embodiments, and this does not by itself
indicate a requirement that features of one embodiment apply to another embodiment, even if

they share the same reference number.

[0025] Aspects of the present disclosure provide a method and apparatus for calibration of a

metrological tool or system. In an illustrative embodiment, a photoresist layer is fabricated such
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departing from the spirit and scope of the present disclosure.

[0028] As described above, following post-exposure baking, the optical metrology station 10
is used to measure various features of a fabricated wafer(s) or workpiece(s). For those
measurements to be accurate, the measurement tools must be well-calibrated. Exemplary

structures for calibrating the measurement tools will now be described.
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measuring respective pitches confirm such a differential, then the metrological system is
believed to be well-calibrated. Thus, it is not the absolute pitch values that provide an indication
of calibration, but rather, it is the measured sub-nanometer differential that provides the sub-

nanometer performance metric.

[0031] Additionally, as to any given grating, it is contemplated that the pitch between two

lines may be measured and used for calibration or the pitches between multiple lines can be
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test Rate 89 @ds fur Q@cs ‘6? Fhot@ﬁbﬂstbl'ir@s &4 CDTﬂﬂérs 1 Bt2§' Sn MRk 1ﬁlﬂﬁat1ve example,

absol ut e pItC ues t hat provi de an in |cat|on
CD gd¢r }jﬁr}mswobﬁselkm:t pitchtand rCD intlets 20t AHecagh hsve egitch that is offset from the

t di.f t hat
bascHE BRANETE sferab b RER el b poBURHeARRAT BnaA t ipgomemptated
that t}Q: @Dyrulgsvean agtiahdlYohe fotméd ol apredipliad edfct hahertthah a test wafer, the

ch ween _ t l i nes measured and used for |
H b 2? PETPTBEr ﬂpﬁfefoamdc%%pw?wﬁ ﬂ%ﬁmﬁd epieas)tp Auaid anpactive areas
26 o? fhe \@afmﬁﬁ%ﬁﬁuﬁtﬂg cBUBERYEH: tfé%ri%ﬁt@&' ' gﬁc& ﬁl% %@%Hélﬁ@es multiple CD
pitch value for that particular CD ruler.

ruleig nkfe?4 mobidvarivas patnh afsetagther epler skone sanrhs uﬁfed ato ragsAse metrological
perf&l;n&g?:( n%l)\g%‘:\yer 1Tt %t r'e (%%I‘I:Zaelfl tmgr{ugt(fpsle caﬁatratﬁo%%elrgmng ?nay\ﬁe desired with

or’ ex
the tuding of Frmitipde &strtglcehb:thlﬁnmﬁs;lsst pattern having
multiple CD rulers that each have the sane pitch, it

[0033F allsi cmfehqﬁmécaﬂﬁda kingle tast vedfetOhey RaletBhldpRI CD huiers, all with the
taki ng the average, nedi an,

e be detern1ned by
Sam%Plt?Li’c hig s ogle WHRE PR eGP seRBlinghenGs Bt gansbe used to
obtald E‘Fiﬁtcﬁ’ rv&alu@l t?fu@ HilcH 8latne EnOMER bR&loRHhRA €1 pAth WBRe averaged or

p otoresists |ines
otherwise statistically determined from multiple sampling zones of another test wafer. For this

example, each of the CD rulers on test wafer 16 would have the same pitch whereas another test
wafer (not shown) with another set of CD rulers would have a pitch plus a pitch offset. The
difference in pitches between the two sets of CD rulers can then be used to assess metrology

performance.

[0034] A number of metrology techniques may be used to measure pitch between sampling

or calibration zones. Two exemplary techniques are SEM and OCD. While an exemplary QCD



fromone or nore CD rulers. [0032] As noted above, it
is contenplated that a single wafer may have nultiple
sets of photoresist lines with a pitch offset between
the sets to calibrate a netrol ogi cal system or
alternatively, the sets of photoresist lines (CD
rulers) may be forned on a series of test wafers. A
single test wafer 16 with nultiple CDrulers is
proc%é%hwtﬁec ﬁéécﬁbéd |bE'l%W a §¢ ﬂeébgt%izgd tRat é‘EM—:’ I?i?l?ﬁl\"’]()thealI ffdwn or future
waf er 16 has four sets of oresist lines or
metrolfiginaktopBcan be talibrdi¢dsini arcmsréancawltshéhwaamt élsclos@Da rul er
18 has a baseline pitch and CD rul ers 20-24 each have
[0033] pi tkel puhpasesi of ilbistieeon ﬁmbmttlha’tatibmwl dxnmpbl'rjt pﬂmcd:}sy vafer subjected

N NN ST A —

specoft fromah | phobediqr pRtn©nnd PérQabiC difahcival efalysad Redh t@Muniformity
a test mafer the, CDrulers 18-24 are preferably

meapgeRents arf afidiignpbinérpation may biariberedo Vafer 3 AR/ yirst layer 32
and 8GEdOKE l@fe?@@ TRO iRt 1408€3 faesrubgtﬁ"i’é 99@5?‘%\&&1:'@ é)o%}félhcon The first

circuitry being fabricate Si nce
layepnig alspireferoil tor af @ optiadl .zlrrnwswh (\Qi))l loys. pAligrhatelyf kotis32 may be a

shalfol'?we%u\:l\r% eigol 10%%@31@}(8‘%#%? iye ?rg% 25%5 ila onth é)?gl?\‘ﬂ?’ttﬁf) Feecond layer 34

inchﬂ;hls Iszaltyl lapeﬂ B&r at Iaﬁﬂﬁﬂwwebley&e’ﬁ rad W;Iahem&dll@hotmesmt layer 40.
testi.ng of nultugle test or calibration wafers. [0033]

Hovjeyery 4t Bpishplattcbihat ige Prasest Airlasyieds appiicable mafh Walses of different

constb iR Shdeldedckib 8y §oov@| | with the sane pitch. In this
regard, a single wafer provides multiple sanmpling

[OO%PneSInEﬁéﬁt lf‘gﬁp4fﬁofﬁsae 0591 { Qiélgceaofpa! b \fﬁét&eis d-l;gétéd to a probe

pItC val ue can then ared to a pitch val
areamfehagh@tomszst tayhe#@vﬁsmng a’[ irzidennhigle ﬂeiféremvemﬁd) fcr Bindegrees with

o LS FRIEL BR800 28R ke LBl 6 £ e o

surfAR W ghosist lﬁ?ersl@r@tepgésﬁiﬁg‘ﬁﬂﬂ%ﬁ@?ﬁuﬁ&@&ﬁ%ﬂkﬁ% 1o WaddRbe detectable
(not_ shown anot set o0 rul ers woul d have a

Scaﬁsretidwhb% s)ﬂ@p potierad BehtsStis catfpsted diviaf eonuentienglrflefsictossagh as a diode
arra)b ﬁét\é@cgp at Iaﬁ'fe]tré[iﬁ v?‘a%%l%n s.CR ﬁﬂii}r% gﬂ%ﬁ?y%&? %1%1%& Ip%’l‘??&e% on scattered

per ornance
hghtmslﬂ rtol olgyint ﬂmctm ﬂqnmamonﬂynﬁmnmad dnd others additipndl cihformation of the

B N R R S ﬁe&;ﬁew
e

[0032[3\/' er\é\npg lélPWktH Scr Ilgf gliaalll%sgxowmg OC?) an%céﬁ\pll measurements for 0.25
nm, 0.50 nm, and 1.00 nm calibrations are shown. In the various graphs, the Y-axis represents
measured pitch and the X-axis represents known pitch. In Fig, 5, SEM measurements of a 1.0
nm calibration mask are shown. In this example, the CD corection (R?) for the 1.0 nm
calibration mask is about 0.9985. As evident by the CD correction value, the measured mask

pitch is very close to the known mask pitch at the 1.0 nm level.

[0038] In a further aspect of the invention, conventional demagnification techniques can be
used to fabricate a wafer with a sub-nanometer offset. In the example, a demagnification factor

of four is used with the 1.0 nm calibration mask to yield a 0.25 nm pitch offset in the wafer.



metrol ogi cal tools can be calibrated in accordance
wWith the present disclosure. 100351 For purposes of
illustration and not limtation, an exenplary process
waf er subjected to OCD based scatteronetry is
depicted in Fig. 4. OCD is used to collect one or nore
scattered spectra froma photoresist grating and
performdiffraction analysis such that uniformty

Thatrri§ %HE%@?E?I@"% A dinli Q&g hl@iﬁ:&ﬁdﬁaffact@f‘o% b mask p1tch is 721.00

hered. Wafer 30 conprlses a first layer 32 and

nm. second | ayer 34. The first layer 32 is a substrate
made of silicon or polysilicon. The first layer is

[0038] so Aefhemndad Flig) 6aﬁleanewptted oalferdiitek msvan clo@jo thakaown wafer pitch

t ernat el ay, ow trench
of 03 aP el e GEp 2 i IR sBfmdle. BRTP BASARRT g9986. On the other
hancﬁkalihd)\em it . 98BN ndeadiRémeids weRCloUA®$o Be RAS ¥xAcBY L han those with
an antireflective | ayer 38, and a patterned

OC% H‘S%PétPé%‘f SEM mgasurepents IP‘B%WEPH Opn [lige SHRPEHHPeIRis pr zones. In the
cxar%él@gf PHESEB! cofleSH R 29S c%;&?éld d[?e%bilnecgéé\”aﬁ g%lgeagﬁfe&ate that for

o er ént constructs t en t escri
SEM_[ OOIS @»nefcrm;i idengasiue ghith 42néltipln samp}img)iamgs | Fgtuxaspler assshown in Fig.

6c meter is direc rob r,ea ,of t . .
5. o gt RRE LBt 4 NG G 2o ReftBBrE 0P a rgh e mine poim
SEM efieasasmentt pield6d deGDe@ﬁréM1¢)ﬂl of KE%MBCt TlﬁL(s tthenine-point average SEM
ghotore5|st sghface ortion 44 of the incident
meagYrgRents; efesmuel, MO agUraolR A OCL mepsiaments il daglpoint SEM

meabi?¥8Entéd 01t &f ﬁe@(ﬁgnﬁ)ﬁa%dﬂ %érﬁﬁlﬂ?ﬁhn&@%&%% &t b@@étéﬁrﬂﬁkd“t@om multiple
to produce detectab scattered |ight 48

sampleng208eseen 4 single teABWafgr @td‘mreetsmaletsymah@m@nmﬂwe wafers.
detector, such as a diode array detector, at
[0048]  f dndfig. Sacibe E@pgnﬂwtrat&s @k érhplagt mwumgssﬁr@n is;agtehgaint SEM for

0.5 %rftghr atton> 38 er%d leI n 48% Obtasl ({]to%609768 However,
I RERS oS Mneb riva e 126 A ]PH’8‘F 1984

in therﬁx@mﬁm ¢fofig 0f 0, kg SHMthlﬂﬁéwe‘B:Iguhgaweﬁmé@axhﬂes ithe P& éorrection was
cal i br aée the nmetrol ogi cal system as descri bed

fourdp ) 105, RethersximplenBif ¢'8 crirgaiongumoy degpagshgs the number of
salnﬁh%vﬂoﬁgs (%Qdél@ﬂj f&%MM?é&lgﬁgﬁtlﬁCi‘E%Ed 0.25 nm 0.50

nm and 1.00 nmcalibrations are s In the vari ous

[0049] aphg, sﬁd% i & @%Sg ﬂgcsﬁ _ll{fg’aaué eldQsFMrgE{l/fb?ﬁgnf Iﬂ?creasing the

X-axi's represents
numhegasisasypieaEigot 2)ashdws littlenmpadviehreat ind®D maskctian ersh mlmlve to single-

poin JEM 3 CEP TPiohUrd S 75 SEa R B gy RES EMARIAE ogampling zone

maytbb euffieadfof € OlrinoBalibadtiogs. t he neasured mask pitch is
very close to the known mask pitch at the 1.0 nm

[0042PV el AcchREEBd, With @c bibsth @iscRSPECthe BthobRBh PNREKIHABK described with
conventional demagnjfication techniques can be
respect to Fig. 1, or equivalents thereto, 1s used to fabricate test or calibration wafers having one
or more photoresist gratings (CD rulers); the pitch of which can be measured and used to
calibrate the measurement tools. By measuring the pitch of photoresist lines in one or more
sampling zones formed on the test wafers, performance of metrological tools can be evaluated on
the sub-nanometer level. That is, by constructing a first series of calibration lines with a known
pitch and constructing a second series of calibration lines with the known pitch plus a sub-

nanometer pitch offset, and then measuring the differences in the pitches, appropriate



used to fabricate a wafer with a sub-nanoneter offset.
In the exanpl e, a demagnification factor of four is
used with the 1.0 run calibration mask to yield a 0.25
nmpitch offset in the wafer. 8 That is, for a pitch
of 180.25 nm and a demagnification factor of four, the
mask pitch is 721.00 DM [0039] As shown in Fig. 6,
the neasured wafer pitch is very close to the known
adju%ﬁlfeﬁtrs Réde@No cQfibritedRe AROBAREN §LteHSioR Qu%onle‘ﬂm H8rmance can be
exanple, the CD correction’is 0.9986. On the ot her
deteygzinel: as shown in Fig. 6, SEM neasurenents wer e found
to be |ess exacting than those with OCD despite the
[0043EM n%&s@ﬁrahﬁringnhﬁimm@timamhodimm mi fivet Eaém)bf najibpgiontlges with a
gweﬁ) gl’[bﬁ) 8%@ s&lecnﬁlqat Ii% S (ﬁgpbﬁti?% gn%sgvltbm‘tlm glg%rbpléc& g%tpﬁtgl? offset are
formfed ron &EMn Irrtont sesprwafes.r ethet sitohea ater meﬁuiddh thad diﬂékdﬂb@ Ibetween the
zones. For exanple, .as shown in

I
meag PE“' 51 (BN SRBIRPTigHF cfadiBEtign cetieris é%ktepotﬁ reduce any

dlffe%fanb&%%& B BaTed Merefthif=RA &Hbtkno%%ﬂ@@ﬁiéﬁ ement
yield a CD correction of 0.9729. Thus, th

[0048] NE ﬂ&oklﬂzﬁl W@{%&EM iR if s sclné"@ie A _ﬁl nﬂ}ﬁfs are, needed to

accurate to measurenments t
calibBEdtheremgulogivehtsteni.t It & reecpymidzibel theaffirst kmemahdlspctcmd series of

renent.s gan be determ n frommltip
calt R Mg Eah R e Mg bR Bproh s hlvtae S8R e former,
photéRfigt HhesToh td BingleWabe vafer [AQ48Y ubdd ki Provide Hﬁﬁzr@ﬁlﬁp fheasurements
il ustrat es exe | ary nmeasurenents from sin

assesgmg fRArolqpial nperfrmaicee al {thrthe i eHMple eihitke gﬁtéﬁ»fpﬂbose differential
meast{ulﬂﬁn&% &%rﬂqultgén%n‘{vﬁl% dfh@fé?éém& Hn&%nQnglzﬁl% te%i’\@z}{ﬁ){'atlfon'\%fers It is

he exanpl e of , using S averagli ng o
furthey n@tganlpteéghattm@e Umncarer dfeicotialviiue thayi hel usal lpeassess metrological

O e R T
measfumfd SiAM difpeibl Iﬁﬂ:haraﬁlel d?@fﬁ&sle dete[10R4d by AGbteda 0 tHeMverage pitch
npl e of  Fi at_ a 1.0 inn calibration

valug ﬁﬁfhsﬁirﬁtrﬁgﬂ%%f cHifier Tars %@ﬁﬁh%gve(rfrsegmchzf)a ug e second series of

cahblrdtfoffﬂ 1Gheb. TP EHEMis biRo g&lt@xﬁﬁfa?eﬁtthﬁ'}hl%é ri%ﬁr rffw’/le alik Vs%tst& calibration
singl e- point SEM at 1.0 nm(Fig. 11). hi's regard

linesseaphq Fymad tonirgvidme coatinynwnaiof ¢est @attmmﬂlat ngn bormeeaswag to assess
mete B kGG Pctie prosent di scl osure. the

[0()4%1 t hqgrs%)‘llﬂ%rﬁ raosgg o o%r B l}gregeen CJISC?OSHI& prolalde a mask and technique for
measuring sub-nanometer pitch steps. The mask comprises a pattern that includes a magnified
pitch or CD offset that, through conventional demagnification techniques, can be transferred to a
photoresist to provide sub-nanometer pitch offsets that can be measured for calibrating
metrological systems. While the invention has been described to particular sub-nanometer
dimensions, the invention is not so limited and it is recognized that the invention can be used to
assess metrology performance at other critical dimensions. Moreover, the CD rulers and method
of use described herein use pitch rather than line width. As line width is easily affected by
process or tool performance, the present disclosure uses pitch, rather than line width, as a

performance metric. The CD rulers may be used on test wafers as well as production wafers.
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respect to Fig. 1, or equivalents thereto, is used to

fabricate test or calibration wafers having one or

nore photoresist gratings (CD rulers); the pitch of

whi ch can be neasured and used to calibrate the

measurenent tools. By nmeasuring the pitch of

photoresist lines in one or nore sanpling zones

formed on the test wafers, performance of netrol ogica
{004%3_E0| 9t ﬁ@@b@@n&i’s@éd&@ﬁﬁ%@ﬁreg&ﬁ% BAR5NRMNRBBES difE¥R embodiments, or

at by constructing a first series of calibration

examplﬁﬁe§0wmmeraem1memfferpmtt atures df cansey @ran>dngelasse&p@¢1ﬂc examples of

eries of calibr t|o
com3SHehi o B Rebdh Bt e RERY B PHEARS a8l FyBede These ae
of ceinké,ememrbesxinpléd encp lafeC REIS int@dpd apricatimitin}. adth WSHHBAL the present
needed to callbrate t he netrolo i cal systemfor

disclogpye Mgy dpRepbreligsence sumsrteatdier lefiers mdhe varons gxamplgs 31his repetition

is foPGRODEIDSH ¥f 3111‘@11@1'%' bhd URkifRhhd Bo&MRR isBR Hiotat af ﬂefaﬁbnshlp between
series of calibration [inés wth a given pitch and

variaye eoadigenisaadiof cadizitatiany Gecussedes with the given
pitch plus a pitch offset are formed on one or nore
test wafers. The pitches are neasured, the difference
between the neasured pitches is determ ned, and
appropriate calibration action is taken to reduce any
di fference between the neasured differential and the
known differential. [00441 As such, the invention is
effective in assessing what adjustnents are needed to
calibrate the netrol ogical system It is recognized
that the first series and second series of
calibration lines can be fornmed on the sane or
different test wafers. In the exanple of the forner,
photoresist lines on a single test wafer can be used
to provide differential neasurements assessing
netrol ogi cal performance. In the exanple of the
latter, those differential neasurenents can be taken
fromthe photoresist lines on nultiple test or
calibration wafers. It is further contenpl ated that
nore than one differential value nay be used to assess
nmetrol ogi cal system performance. That is, in the
exanpl e descri bed above, two series of calibration
lines are neasured and a differential pitch value or
offset is determ ned by subtracting the average pitch
value of the first series of calibration Iines from
the average pitch value of the second series of
calibration lines. However, it is also contenplated
that three, four, five, etc. sets of calibration

11



lines can be forned to provide a continuum of test
patterns that can be neasured to assess netrologica
system performance. [00451 In sunmary, aspects of the
present disclosure provide a nask and techni que for
measuri ng sub-nanoneter pitch steps. The mask
conprises a pattern that includes a magnified pitch
or CD offset that, through conventiona

wHAG I Ape@ip ;) techni ques, can be transferred to a
photoresi st to provide sub-nanoneter pitch offsets

that cap benpw WEaﬁ&aﬂ% sub@hhdietd cRfkal BRIhROLHIGAbitch offset, which
systens. \Wile the invention has been describe
compw@est i cul ar sub-nanonmeter di nensions, the invention is
not so limted and it is recognized that the invention
camehmringedirgt@itclassess netrol ogy performance at ot her
critical dinensions. Mreover, the CD rulers and
nmeineediring b setded grscthhbie dffbe fenmnthy Sigst pittichy & plidhesisehailue;
line width. As Iine width is easily affected by
pr oaessingthd el pir@rahe divseedd pildk, adesent di scl osure
uses pitch, rather than Iine width, as a performance
e Hétk@ninthd enelrBl Jgttlha PAcSulaBy oit@mb'@ﬁg%)ozﬂrslteﬁﬁﬁmﬁ\@{e&foﬁlp@ﬁson
wel | as production wafers. 10 [0046 Is to be
under st ood that the foregoing dlsclosure provi des
di fferent enbodi nents, or exanples, for inplenmenting
di §f er ephe fn?éfﬁddr &6 chm Vlar\kfﬁ’é%&neﬂﬂp% Hﬁ§ stegpfg{éfuﬁésc determining a
exanpl es of conponents ‘and arrange ts ar escrib
diffeprsicen pitchdichysien the fitsepishasé the sdéadipisiur e.  These are,
of course, nerely exanples and are not intended to be
l[imting. In addition, the present disclosure my
repeat reference nunerals and/or letters in the
vaki ousTexanthoé of cliim 4, whgeinithe pinch offsef valud isdeyp tignasequal to one
Ilanooeesmpllmty and clarity and does not itself dictate
4] ati onshi p between various enbodi nents and/ or
configurations discussed. 11 WHAT IS CLAIMED IS: 1. A
nethod for calibrating sub-nanonmeter critica

nsi us itch offset, which rises:
sUr | ﬁgﬁ‘ laef?ipﬁ? of clyim 3orvhepsia themiich offsed T (bfi BAROpPRISES:
|s offset fromthe first pitch by a pitch offset
val ue;

5. The method of claim 1, wherein the first pitch is measured from a first wafer and

the second pitch is measured from a second wafer.

6. The method of claim 1, further comprising forming a selected one of the first and
second pitches in a test wafer using a calibration mask having a mask pitch that is a multiple of
the selected pitch and further comprising patterning the test wafer using the calibration mask

with a demagnification factor to provide the selected pitch.

7. The method of claim 6, wherein the demagnification factor is four.
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conparing the first pitch and the second pitch; and

determ ning netrol ogi cal accuracy of a netrol ogy

system fromthe conparison. 2. The nethod of claim1,

wherein the conparing step includes determ ning a

difference in pitch between the first pitch and the

second pitch. 3. The nethod of claim1l, wherein the

pitch offset value is | ess than or equal to one

nagonet ?ﬁe m‘éthoyl‘)? CIE% hodn@feirféath r@f%’ne Pﬁ@ﬁﬁﬁﬁ%oﬁ&ﬁ B iCdbne with a

of fset value is 25 nanometers. od o
ScanelnalelnCIQHMo@DPﬁ (SEBLX | r st pi tch |s measured from a

first wafer and the second pitch is neasured froma

second wafer. 6. The nmethod of claiml, further

conprising formng a selected one of the first and

sefond Phe olethed iofi clainh éswhevaihesaclust thg neeaaainilwpedations is done with an

.mask . havi ng a itch that is a multiple of the
OPHQEF%%Fzémﬁﬁﬁeﬂﬁgﬁé)Bﬁ??ﬁer conprising patterning the

test wafer using the calibration mask wth a

demagni fication factor to pr ovide the selected pitch.

7. The nethod of claim erein the denmagnification

tadPor fidnstheg for H@ﬁol@gwﬁf@hh@fl%aw pitgheattict Whighspaiprses:

each of the neasuring operations is done with a

s C TR @hfé@lteméfrﬂamrdﬁ é@%b dirgt pEpgpresiyt liphendhpsgeend photoresist line,
whefifh [ch;m‘h [ Dechf ﬁ ﬁ&&eﬁ?@ﬁfé@nﬁ%@ﬁ%@%ﬁ%eél& line includes

one Wt optica Pt Car di mensi on

asulpnmemi@etvmwet hod for met rol ogi cal calibration

using pitch offset, which conprises: formng a

photecosuemp sthel plyeoretiat hee ta dotersiinephomeasasdds pitth rbetvesed the first

a _second phot or esj lin wherein a known pitch
pho tB'éelS\ﬂklél??fi“ﬁéheﬁeF%‘}dPgW 52%‘?‘%’ line and the second
torQSJ st ne includes a sub-na r. of fset
ﬂ@fmlﬂ@&édlﬁfﬁaﬂcle#@tww&r@%ﬁsy@d Pg%ndtt e kesvar pHchieand
measur ed. pit¢ch between 1;he first hotoreS| st line and
th elerauping cpiiyrigteasedsd for ganctiglagisahionl nypd dorfhs meawag to reduce a

diffRGIWBER b e TRASHESHitdH nfl B whillficknown pitch; and

11, The method of claim 10, wherein the measuring includes using an OCD process.

12, The method of claim 10, wherein the measuring includes identifying a plurality of
calibration zones in the semiconductor wafer and measuring pitch in each of the calibration

Z0nes,

13. The method of claim 12, wherein the measuring includes using an SEM process

that averages measured pitches in the calibration zones.

14, The method of claim 10, wherein the forming step includes providing a

calibration mask having a mask pitch that is a multiple of the known pitch and masking the

13



determ ning calibration needed for a netrol ogi cal too

used for the neasuring to reduce a difference between

t he neasured pitch and the known pitch. 11. The nethod

of claim 10, wherein the neasuring includes using an

OCD process. 12. The method of claim10, wherein the

nmeasuring includes identifying a plurality of

calibration zones in the sem conductor wafer and
seln%ﬁ&iéfdr%f&' &1ﬁhdénﬁhgﬁﬁ’f‘c§tl&f offthemad! hikhab hRsk th%%@lﬁﬁoné&tor wafer to

he nethod of claim 12, wherein the neasuring includes

Imvﬁﬁmﬁgoﬁﬁpﬁﬂmdprocess t hat averages neasured pitches

in the calibration zones. 14. The nethod of claim 10,

wherein the form ng step includes providing a

calibration mask having a mask pitch that is a

mullbi pl énofpptiasis Koromtibrting chb-sandmerersdeiticad) dinfeasiorl @sing pitch offset, which

sem conduct or wafer with demagnification of the mask
COMBFEh to nask the seniconductor wafer to have the

known pit 1 us fo libratin

sub- nand ﬁéﬁté?t ngp?tf)ﬁeéfﬁg‘f‘ﬁ%‘ﬂ%‘% A %ﬁ??ﬂ‘bplb‘i?’t of f s et

which co i,ses: first set of photoresist

having &S |spfn%f xgqofquﬁmt Ames having-p peroad pitgh that mcludes the baseline

pltc]E’E‘ﬁ»H Dpieshl otfsel thRGS 1e8AMbA theDaSGREPHRI tCh that includes

the baseline pitch and a pitch offset that is |ess

than the baseline pitch. 16. The apparatus of claim

15, mherein the pitch offset is less than or equal to

on p. rei

ChaSoi t aRe apfapd FLofE 13 ARERR e BloffyAkTid R ML lual to one
nanghetell ai m 15, wherein the first set of photoresist

lines and the second set of photoresist lines are on

a conmmon test wafer. 14

17.  The apparatus of claim 16, wherein the pitch offset is 0.25 nanometers.

18.  The apparatus of claim 15, wherein the first set of photoresist lines and the second

set of photoresist lines are on a common test wafer.

14



