METHOD AND APPARATUS FOR CALI BRATI NG SUB- NANOMETER CRI Tl CAL DI MENSI ON
USI NG PI TCH OFFSET BACKGROUND [ 0001] The present disclosure rel ates
in general to integrated circuit manufacturing, and nore
particularly, to a nmethod and an apparatus for sub-nanoneter
calibration of nmetrol ogical tools. The present disclosure is also
applicable wth photomask fabrication. [0002]In integrated circuit
(1C® manufacturing technol ogy, a photoresist layer is typically
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of photoresist patterns to avoid fluctuations in threshold voltages and line resistances associated
with variations in pattern sizes that ultimately degrade circuit performance. To measure the
variations in pattern sizes, scanning electron microscope (SEM), optical critical dimension
(OCD), and other measurement processes are often used to assess the critical dimensions of a

fabricated workpiece.

[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 nom. 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.



[ 0005] Known test wafers are constructed, as referenced above, to have
photoresist lines with a pitch in excess of 100 nanoneters. As such,

t hese conventional test wafers are ineffective for calibrations |ess

t han one nanoneter. Additionally, the metrol ogical process can be
damagi ng to the test wafer thereby requiring that several test wafers

be fabricated and maintained. While it is possible to fabricate test
wafers wth sub-nanometer pitches, the process can be quite costly. '
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[0007] It is therefore an aspect of the present invention to provide a method and an apparatus
for calibrating sub-nanometer critical dimension using pitch offset, thereby calibrating metrological

tools/systems using sub-nanometer pitch offset.

[0008] In accordance with the foregoing and other aspects of the present invention, a method
for calibrating sub-nanometer critical dimension using pitch offset is provided. The method comprises:
measuring a first pitch; measuring a second pitch that is offset from the first pitch by a pitch
offset value; comparing the first pitch and the second pitch; and determining metrological

accuracy of a metrology system from the comparison.

[0009} According to one preferred embodiment of the present invention, the comparing step

includes determining a difference in pitch between the first pitch and the second pitch.

[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



includes determining a difference in pitch between the first pitch

and the second pitch. [0010] According to one preferred enbodi nent of

the present invention, the pitch offset value is less than or equal

to one nanometer. [0011] According to one preferred enbodi ment of the
present invention, each of the neasuring operations is done with a

scanni ng el ectron mcroscope (SEM or an optical critical dinension
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a known pitch between the first photoresist line and the second photoresist line includes a sub-
nanometer offset value; measuring the photoresist layer to determine a measured pitch between
the first photoresist line and the second photoresist line; determining a difference between the
measured pitch and the known pitch; and determining calibration needed for a metrological tool

( used for the measuring to reduce a difference between the measured pitch and the known pitch.

[0014] According to one preferred embodiment of the present invention, the forming step
includes providing a calibration mask having a mask pitch that is a multiple of the known pitch
and masking the semiconductor wafer with demagnification of the mask pitch to mask the

semiconductor wafer to have the known pitch.

[0015] In accordance with the foregoing and other aspects of the present invention, an
apparatus for calibrating sub-nanometer critical dimension using pitch offset is further provided. The
apparatus comprises: a first set of photoresist lines having a baseline pitch; and a second set of
photoresist lines having a second pitch that includes the baseline pitch and a pitch offset that is

less than the baseline pitch.

[0016]  According to one preferred embodiment of the present invention, the first set of

(- photoresist lines and the second set of photoresist lines are on a common test wafer.

[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



for nmetrol ogical calibration using pitch offset is further provided.
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wafers.

DETAILED DESCRIPTION

[0024] For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments, or examples, 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 thereby 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



description when read with the acconmpanying figures. It is enphasized
that, in accordance with the standard practice in the industry,

various features are not drawn to scale. In fact, the dinensions of
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clarity of discussion. It is also enphasized that the appended

drawings illustrate only typical enbodinents of this invention and
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series of rul s forned thereon, [0022 Fig. 4 is a diagram
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calibration wafers are fabricated and used to calibrate metrology tools, such as those used for
optical critical dimension (OCD) and scanning electron microscope (SEM) measurements. An
exemplary lithography process track for fabrication of such a test wafer is illustrated in Fig. 1.
The lithography process track 1 includes wafer supply racks 2, a photoresist 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.

[0027] Process wafers are first supplied by wafer supply racks 2 to the photoresist spin-on
station 3 to coat the photoresist on a wafer surface. The wafer is then soft-baked at the soft-bake
station 4 and transferred 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 development station 7. After development, the wafer may either be
immediately transferred to an optical metrology station 10 or subjected to a rinse/dry at station 8
prior to being transferred to the optical metrology station 10. The optical metrology station 10
( includes a spectrometer for collecting spectra of scattered light from the photoresist in a digital
format. The controller 9 processes the collected spectra of scattered light and performs a
diffraction analysis. Aspects of the present disclosure may be implemented within the controller
9 or optical metrology station 10 or other parts of the lithography process track 1 without

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.



scatteronetry. [0023]Figs. 5-12 are graphs illustrating netrol ogical
results fromexenplary calibration wafers. DETAI LED DESCRI PTI ON

[ 0024] For the purposes of pronoting an understanding of the

principles of the invention, reference will now be nade to the

enbodi nents, or exanples, illustrated in the drawi ngs and specific

| anguage will be used to describe the sane. It will neverthel ess be
understood that no limtation of the scope of the invention is

t her eby ilA0ZHdedRefarmnganave taFigonbA-2Rda feres rwélcnmﬁdl |dimmiqndﬁ§J)|mlermm the form

descr i bedofgﬂxt&fb%s@@%h cﬁﬂgregtnﬁlxﬁersr %%esr g% fﬁl{:@t I chelsrérﬁ;]: he\i%vﬁr I ncbep%agncated

of the in I'on as escrlbed ein

nor mal | y wingthe tithograph kidckgdrack 111d§&atad1 in Fig, Y\J’dr@huivbl%ms Ak@8tb] &1 used for sub-
one or nore elenents in close

I Furth . ]
GBI T G TN PR R IS TR

i nt erveniqm r@ATREY Be uﬁdst@1caﬁlﬁﬁfertﬁ@Sﬁldﬁ}‘méﬁf)ﬁ)gggystaﬁ thERER! @6 same hne that is
t hroughout the enbodi nents, and th does not "by itself 1 ndicat

requi r emetied foHfabrigaiatha resrsosr toselitsats ontuvtagicabgysiemsted O&In‘-ofdbapatlon lmes In Fig.
nbodi ne & ne reference n

0025 Ao i ¥ Bfbrirea bl Y Cheb WYSATR w30 SR RUTRGIFR ot For exampe,
appar at ughé pitchdaltwimathoamesidt lHaesrEtarant dga Q;aISOt(IBQimf .OLn BigS1B, (rjthe blﬁbﬁ&f&?ﬁc grating
|IIustrat| e a.. resi is fabpri suc a

a phot or ed }@? g&f WHH 5’9?13?‘?18% fﬁsé?ﬂ ‘&%/ s aasa@gi“@ﬁ;‘{aé‘gmﬁipft%oﬂaﬁ)soo nm,
a_pitch ahé pﬂéh bét%ézhpﬁotbiehlmsnﬁe@.tﬂzléeananm% M_PLS zﬁxfﬂehptﬁ%c IICOftlflesﬁittch' Stfset is
I(ess t han one nanoneter. ¥ fabricating a sem conductor 1ayer

portion tHiedhs piises of diab ofFig £BHng i Figa 2Dy rerniteb wéiseiris firee times ﬂ@éof Fig. 2B.
the invenfjQng lﬁ’nllﬁg la@)f[ag%zﬁ%?ftgl@hf Boado i tgggﬁtlfef{ n%fg%pﬁetgv?gn c%%]reélsr;ﬁmesé Vi and

sub- nanonet er eve n one exenpl ar € pres

di scl osurlds i0h80 om amdrtlee piechtoffet between photoresist lines 12d and 14d is 0.75 nm. In Fig. 2E,
the pitch offset is equal to four times the pitch offset of Fig. 2B. Thus, assuming a baseline pitch
of 180.00 nm, the pitch between photoresist lines 12e and 14e is 181.00 nm. The series of
photoresist gratings 11a-1le provide a continuum of pitches or delta CD rulers that can be used

for calibration and data quality evaluation at the sub-nanometer level.

[0030] As noted above, the CD rulers or series of calibration photoresist lines may be formed
on a single wafer or multiple wafers. In this regard, photoresist gratings 11c and 11d, for
example, can be found on the same test wafer and their pitches compared. As described in the

above example, photoresist grating 11c has a pitch of 180.50 nm and photoresist grating 11d has

o

a pitch of 180.75 nm providing a differential test value of 0.25 nm. The pitch between the lines
in grating 11c would be measured, the pitch between the lines of the grating 11d would be
measured, and then the measured pitches for these two gratings would be subtracted or compared
to obtain the pitch difference, which should theoretically be 0.25 nm. If the results from
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



calibration wafers are fabricated and used to calibrate netrol ogy

tool s, such as those used for optical critical dinension (OCD) and
scanni ng el ectron m croscope (SEM neasurenents. An exenplary

| i t hography process track for fabrication of such a test wafer is
illustrated in Fig. 1. The |ithography process track 1 includes wafer
supply racks 2, a photoresist spin-on station 3, a soft bake station

4, an exposure station 5, a post exposure bake station 6, a

devel opnﬁmaswétah(b rvaragmidtoaprovide dedmyasstedt pich \8lueoc drt petticelar €D ruler. It is

aut omat e h h rocess track 1 by c ni i.on wWith wafer

Supply. r epdSigol gip R AR LI BREEEs G Pl FrEPh R ElublRe L e con

opti cal rnetcreﬁmgandatsad i m ek@mp[eD R Thh ACAES vaRuk i RN Bed.| P&la SHAOPhR6kesist
racks 2 to the photoresist spin-on station 3 to coat

by wafer su

t he phot &8 E‘Bﬁg"% ulfiglect D anlersaibat caph éiav\%h@rsams RifsBnit dopie Berkergplated that a
the soft- Q@f@]faaﬁeﬁ{ bih éal@é’&a& haRSfAhied b} RIbGAE &99@%5 ernét{: opgth%r §tistical
expose the wa Aft erwar ds, a post-exposure a e

t he waf ermeiric finm gloibe pb&tpt@smtfiémbam, aliersatavelyofrot aasetbctddesetma“fthe phaoresists lines

transferr&%ﬁ J]ﬁrg%\f?l poent station 7. After devel opnent, the
waf er may €i e |rrrre 3te|y transferred to an optlcal met r ol ogy

station su dtoarlns/dr t.statio rior to bein
t ransf er g[@%ﬁio t%l% %’8?’3 b ts S?rg %’ieatq"?}na i‘(‘)‘gfé'l’ﬁ%tgﬁﬂaiyc%ﬂve mulfiple sets of
met r ol og\phstoadsiso I]mé@ withCh yskes o'ifs&ps&tv&éﬁrﬂ{e%eﬁ 25 cﬂ@rﬁt@cé hféﬂ’oﬁ)%ﬁ:‘éﬁ Eftem or,
of scattgﬁed Ileg{gt fromthe photoresist in a di gtgec f or mat

dont r ol | éltedafiyedydhe sals phrhtgrepigdineg (SBeaulers) formed e a|sexen ofdpsy wafers.
per f or s f Skr
Moy be | ol i FR el AL Al DS s iRl SRRt SFEREY o shown,
station 16t aiefastifdies feurtsstsoff phhtordsist Hogy el rplesckis?s.t Tratbis ustrdtive atample,

[0025) as AR LEfeSEblilin RS RNEDThets 0 PGP sk g et fm e

met r ol ogyasdliat ipitah ]h@ al givarsgictht affsoP el @. gV, o0 nlipld 6R0.0F @, Ofs & is contemplated
For those neasurenents to be

hccur at e A EE (RSSS A PUCBERS b AT @ o P AR BT TR eE el G yvater, the
L1 5100 AR RS 0 8 B i e
di mensi oR6( ethst ¢antaim élefcailcmtlwfbepigcfamc@mds tSnogithrwafef frehuelag mu1t1p1e CD
P e o510 4 S g G0 i
ﬁnr; te; glt 8 Iparfdrmmlgfieﬂomfesmrblngm?&'&gtﬁfedqahﬂ rigﬁl?ﬁ]ae?ﬁ?ﬁfgu%%rjiﬁgsdsm?a b@gée&ﬁéd with
used togcﬂ;ﬂ fﬂrétoénf téplﬁ)ﬁelsf%raqaf) IPHPBHYP systemthat is in the s/ame

Ilne t hat ‘iﬂ% us;&j to fabricate the rulers, or to calibrate
et r ol ogil&%H! Eneonmidetee that ginebaiesiowater mey hayqmpitiple QJ}S? rujgug all with the

phot or eSlsgihe giat.| ROLA, d
of f set. Igor © gx anpl e, egarg?f Sélﬁgiggfa\?v% eﬁr% G‘SE%% Iglglé :ﬁ%g 3 Bfl%gﬁat%(rﬁn %)used to
i s 180. 0@bHR a|pitch @luez B.Ihishgitqhhetles esri ﬁtengmmmgarad ltd amaschavq})md a‘heraged or
with ap u ass Ln it

180. 00 n%ﬁ{ Wég i lgtﬁ d\%%%%& g‘i%r%sﬁ‘ Jo oAUk 2 Oga gy %’%’ 2%’1’ this
rimin FiegamgZ€, cat:]n of thictCIh rlﬂfalfsmtteSt svaffor 168y sl hofel thebardd pitdhawheéas hdther test

2B and in of f se reetlnesthat of Fig. 2B.
Thus, as é’(?ﬂ?fg@ él%ﬁé{@gl"flﬁ’e q{ee ﬁe‘o?ft @@oﬂl&éﬂ WRpldt ye 3 witch ring @@etch offset. The
bet ween Riradr&ic@Sh ﬁtcﬁésﬂ%‘@wée%cth@ﬁgo ¢ drcd rélgrsncﬂihatﬂgl Bg‘ﬁs&f %@Q{J(ﬁfgfn&@ology

bet ween photoresist lines 12d and 14d is 0.75 nm

pi tch ofP§’€?“¥a§°%qual to four times the pitch offset of Fl g. 2B.

Thus, assuming a baseline pitch of 180.00 nm the pitch between

phot or esil@34] | ned nembenpfimetielogy temrm'@f@ A H'Eheseéeo imemswé pitbiobetwesn sarnplmg

gratings ol LantaibnSoREO VRS S tgcll']mra‘ugsf a'gE 8 Shde %)e?riéjnll ary OCD



| i nes may be nmeasured and used for calibration or the pitches between
multiple lines can be neasured and averaged to provi de the neasured
pitch value for that particular CD ruler. It is understood that an
average represents one of a nunber of exenplary statistical netrics

that can be derived and used. For exanple, the nmedian pitch val ue may

be used. For a single photoresist pattern having nultiple CD rulers

that each have the same pitch, it is also contenplated that a single
pattern precess vall e daseribed dwtoay, nit niedrebygnizedi thgt t(Shid sardr ather kureeti aor, future

ISt i.Gof |1 t.h h i Ll ,
glr t g£ 23{ in[;?‘/etéﬁ(ﬁd,g§ c’%a; %?#Sacqghgf: I@%%bééfg@eaacg?}d?%g %ﬁ%ﬁ%&%&%& ??C#OQ%E'SO; rom one

or nore lers.. [0032 not ed above,..it is contenplated that, a .,

o ot walY o R R (HpRateG8s BREHSimhauioBs FOXeRRE biicets gy wipeted
of f set bed GEENbishE settefonticdryCGalibgitad e RighBl DU el tSys e or more scattered
alternati velly, the sets of photoresist |lines (CD rulers) my be ) _
formed ofP¥U@efiPsaophqiuetist,gratipg and penfeyme diffigetionn paslysis suph Hhat uniformity

nul tipl e pfesirbh 84§ ?ﬁé acﬁﬁﬁ@ﬁﬂﬂ%f&?dakiﬁn irr{aly_lb%téaﬁ'fe?éa. I Wafel 90 rcéﬁngr % s%&ﬁ%ﬂéyer 32

test wafer 16 has four sets of photoresist” lines or
In this and aseqoadilapsr 84adpe &rst Cyer 82 sra $®stvds madb af elicoreoppdlydilicend TED first

rulers 20-24. i hat,.is off rom e basel,i ne,pitch

by o i whCRRE it & By W QR auhnoly (1) VST BNGmRRRE 1 o 5 be o

cont enpl ahatbwt traichtibeatien (SANElagercaactipt beadhlay. e oheerBapleNthd second layer 34
wafer, the CD rulers 18-24 are

~oduction fer rather an a test :
E_ﬁef er ablnifh\fl%F rf’eBOIg'ng erpég’i pher reglFCtt"l"reliaﬁﬁf e aul aspatisrngd ophgtagpst layer 40.
active amrRA®véod i0fs doRfnWdted flabae ﬁ@Eﬁn@:dﬁ_cfoF}&e% raP%{?cIaBDé Db Whfers of different

fabricated. Since the wafer includes nultiple CD ers 18-24 w

vari ous pPeséHcisthiondha desosibedialiore. al one can be used to assess

nmet rol ogi cal performance. However, it is recognized that nultiple

cal i br at i[¥136] t erlatidendighy? Femdepiobing light bouréeeott esgtertngmettr indirectpd e a probe

test or calibrati waf ers, 33l1t is cpntenpl at ed t hat singl e )
test waf erear’ng %8@%"%’13?[35Fre£@g9@}5ﬁ1%?% 1n¢, E’F& Wmﬁ%tﬁgbeé‘ﬁ?f‘él ‘Si’:‘f 8ﬁ%e$rﬁes with
this regassflectdo ShenghRoreBibesurREQV iAdpsition ki 471 tRe SRR NGhZANRSschif@id &8 the
be used to _obtain a pitch val ue. is pitch value can then be

conpar ed S{ircs op phetareyist gererigypessive tongl photeresistatortian 4(atol pyoduce detectable
determn i i { . [ .

This oxasorcealsts Pheocalion ps A998 Bl A olsRihl S8R wbfiine dioce
same pit eaywdetedtas aaddfdiar wayskengthé. e {ifbictishemalysiviid theanetfbmiedsat saftered

CD rul er have a,pitch plus a.pitch offset, The difference . in

pi t ches ?Mégﬂ)t %’eta \/\B"Elz eeicd’:{“%‘lsm&ﬁ; Fﬁl?@?aémf!aﬂl REgr ﬁgd‘tﬁ‘%ﬂ Pretign of the
met r ol ogyph¢erckier ERIa0.to[i0 Pad] AlibERRE mefrolBBILAIGQaM, 40BN IHBSeRY be
used to nmeasure pitch between sanpling or calibration zones. Two

éxenpl ar YOO3@F hni Rpfersing hOwSEMi @ 8- 10 RkapMhitlowian OBt iRl SEM RERurcRIeREE550.25
w || be described below, it is recognized that SEM and ot her known or

future mBFy 138 nd ¢ L] am cglibdonsAre provme dini the arescambs, tetiraxineepresents
present dicaqhQPHi@: 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 correction (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.



[ 0035] For purposes of illustration and not limtation, an exenplary
process wafer subjected to OCD based scatteronetry is depicted in

Fig. 4. OCDis used to collect one or nore scattered spectra froma

phot oresi st grating and performdiffraction analysis such that
uniformty measurenents and additional information nay be gathered.
Wafer 30 conprises a first layer 32 and a second layer 34. The first

| ayer 32 is a substrate nade of silicon or polysilicon. The first

| ayer is TApkHs. fospaiteb@f 1180.38 nemardm desmdgnificabers fagtor 0OB)ur) thy enask pitch is 721.00
Al ternately, layer 32 may be a shallow trench isolation (STI) |ayer

or active ar ea (AA). In one exarrpl e, the second | ayer 34 includes a

Bﬁl)%/olr ggl o aygﬂs %8)%{_@@1%% ' et Srego%%grn%P §t1% ngiyhi?se Q%g}eplggg@n\yafer pitch

di scl osuné Ol% appbasu&ﬂlusmg CDﬁvaa]TnethB ﬁfamglet fier €Dtcos@itidn AL HIEEDh the other
t hat des ri bove téé)%g]Eé?m dent ght 42 froma pr obi ng |ight
source o ?W{’Jr’t’é F%f’éf‘gam?lgs a'epy bpad 40 & 1w expeting than those with

phot or es |GGD |d@é4ﬁtfe # Sk Eﬂe@ﬂu@lﬂeﬂti‘ oLidg %keﬁ%n‘? nmeogan%ﬁf'@‘gs{ﬁ 4«39101I %}n@% In the

degrees with respect to the photoresist surface
i nci dent ekargle of Fig.7. shaafDerastectionin 4. $89s UDhaskdlleat lrpiﬂlatau:r‘eﬂl qiprécay@that for

40 after 4 tion 46topoduce et ect a

scattere ng@gﬂ%fgﬁ%q%%gﬁ%% tg@ f ig lpfeﬁm'p sm%a?qeéct% 8PS s SR iR Fig.

convent i énalsirﬁh?a pc;i?bSEMsmehumeat glichide saCDayrideid@Cofon.9 1 8 whérkdsethe Afne-point
A di rctlnan sisist

I _ f d tt d
(Tont 45 L SHeRERY 2B fohD) SHATIPATS h&ESon T A (bt REr st t1-WaISEM

i nf or mat in@aseéméhte wRROEREISiosd adcayes tcﬂ@lef@chnEbaQ@{eﬁem@ Fhdnth ol Woint SEM
nmet r ol ogi cal syste as described herein. [0037] Referring now fg

Fi gs. 5- IEasEEEpHS wwl@é@m@ @Emmgaﬁu@mntss;an be detem@ingd frpm multiple
0. 50
the Yf‘?xi %@“ﬁ%@%ﬁﬂf ShelBial LeRPort: Eﬂﬁ% solgBishl Fone R BT LB,

pi tch. 0 nmcalibration sk a
hown. HPS g)t(laFSl; qﬁ?%ﬁ%@gﬁcor Feg S %lafylﬁfas]z.lgelme[nﬁs {’rgmosz@? pom{ SEM for
cal i br at Dmmms:kh ca;hbadmmt 10 199 8mphs thy CDeRirefjon! s fObhd & BT HTAZN However,

val ue, the,neasured |tch ver cl ose t9 the known_ mask pitch
at the 1! rbﬂﬁrﬁxlmé’\‘?% tnffa ]"1SH1g PV%%%%P?BJPWS&@? eﬁv@ﬁtq%ﬁorrectmn was

convent i gimld td e | TRid, Qﬂﬂfe&;@{ﬁﬂb&uﬁﬁz @Brboﬁ%ctib?letg‘rércﬂetzl%gge's Glife fumber of
wafer with a sub-nanoneter offset. hi the exanple, a demagnification

factor ofampling Zoges considetied ForyHM inspeqtien aed ingreaseiion mask to yield a
0.25 nmpitch offset in the wafer. That is, for a pitch of 180.25 nm
and a deh¥Mhl i o Bl i ther examploof Figshd Ir8sht pi 1.emm salfiati@ inareesing the

number of samples (Fig. 12) shows little improvement in CD correction error relative to single-

(_ point SEM at 1.0 nm (Fig. 11). In this regard, sampling at only one calibration or sampling zone

may be sufficient for 1.0 nm calibrations.

[0042] Accordingly, with the present disclosure, the lithography process track described with
respect to Fig. 1, or equivalents thereto, is 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



100391As shown in Fig. 6, the nmeasured wafer pitch is very close to

the known wafer pitch of 0.25 as neasured using OCD. In this exanple,
the CD correction is 0.9986. On the other hand, as shown in Fig. 6,

SEM neasurenents were found to be | ess exacting than those with OCD
despite the SEM neasurenents being taken from ni ne sanpling points or
zones. In the exanple of Fig. 7, the CD correction is 0.9729. One
skilled in the art will appreciate that for SEM it is preferred to
measur e pdjustineats neaddd tplcelibmtepthe ngtogas! sjEem foranpnenomsesofmante can be
Fig. 8, V\ﬁ x'n%%lcf poi nt SEM neasurenent yielded a CD correction of

0.9129 EFE%EYhe ni ne- poi nt SEM neasurenent yielded a CD correction

of 0.972 t he,.ni,ne- poi avera EM measur enent re.much |
oo acolhdl S A dEitp REL TRt SRbrdiione é}iSha?r@sgsﬁ- cfibragiqy fnes with 2
neasur engRkes pitth ahé arse€@nied ot (dibordtiog 1764 iR tBe Fﬁ@ﬁ ‘;b'it@ﬁrﬁﬂltssa FifR dFRet are
determndfromrrultlple sanpling zones on a sing t est fer or

froma sftgred Wafpt Phanorsdet oveler t Tha nitchss ares mepwe;b]thﬁ dFﬁfgenog betwieen the
graph il Lighhéd SfceseRPIRhiRASHE e{ﬁgﬁ%?la{er Qﬂ?bﬂé%gl £R91 ; ttal?e%'vg Uduce any

0.5 nmpitch cafibration. I'nthis correction

f ound todﬁ&r@lcg?&&eemﬁmwsqred diffehentielkadphekmfvnrdifferefflgl. usi ng SEM

w th averagi ng of nine sanples, the CD correction was found to be

0.996. TH=4]in Asheucrhxahmﬁm/enﬁdsre Imfe@weaﬁtds@a%smg rokat GRPISGAGRS ads nédded to
i on are increased,

nunber of si der ed for | ins

[ 0041] Asc%lﬁ?{)%g t%“ﬁ%:f ngcéfrﬁ}'%er%“f lelbgecogrfz ﬁ"ea irst gerfyh and second series of
(al | br at t&lbratidAdimRas4n Kk foRBed\GHMRE karRé oﬁﬁﬂeﬁﬁeétlﬂrﬂmsl%} the QQéﬁ'ﬁs%lle 'OHHe?ormer,
i nprovement in CD correction error relative to single-point

1.0 nm ( Phejoresish hnﬁw oRhg $ingkeg kst Wﬁ@ﬁn@ﬂm by uged émipyode deféfrrmﬁmétm@ﬁurgments
sanplin 0] r DS
mpl 1 Ng &% %ﬁlﬁgﬁﬂ @ﬁafl h&?&ﬂl‘ﬁné ; thP me)?a%lle‘dlg ﬁt; ﬁ t]ﬁlgarr’ albRss se differential

[ 0042] Accor e present disclosur
process tmeasken@sceandedakeint from ﬁnegﬂmtoresn'st Eings onlmubvipleetgstior ahléhrtitson wafers. It is

t hereto, .i used t icate test all |on fers, havi ng one
or nore gﬁ%t %Igerg}?la{f?%?tﬁagmt 5ant1‘?]h ﬁ% quS\%F%PFSESgﬁn‘H@IOgmaI
measur eds@ktein paﬁﬁhﬂaﬁc& afhap i irthle Q@alﬂple%emmhbdv@%ﬁ) seB¥s HP@&%‘BquBﬂ hnes are
the pitch of otoresist lines in one or nore sanpllng zones forned

on the tB&gs @?dsa PWsrgahpitriievabic oreaffset sgieteamined diysubtisetivg the average pitch
eval uat eda190 of B Meﬁ@@%ﬁ%faﬁloﬁ\fﬂes rgglat&e 'a§era%\/ rt)l‘l:c%lr% L{fu&tthg' ec%n(g senes of

first series of calibration lines wt nown a:l1 consfruc
a secondcdbritios lofes.c élomrwat itdm alsb westemptabedt thet threeyfoupi fiveh efol sess af cahbratlon

oi t chos, Mol b el 3o S o1 SRRl b ultif et e tssured 19 sssoss
net r ol ogm&blogycslﬂmefn(;ferfsuﬂmﬂanoneter per formance can be determ ned.

100431Accordingly, in an illustrative enbodinent, a first series of
(al i brat [0ma5] | nds soiithrd aspects of the present disclosure provide 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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given pitch and a second series of calibration lines with the given
pitch plus a pitch offset are formed on one or nore test wafers. The
pi tches 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. 100441As such, the invention is effective in assessing

what adj ustnents are needed to calibrate the netrol ogical system It
i s recoghdAOY t lats te e upderstpod thet s fapeping diselaswe piogiden liffeadnt pmhediments, or

i nes ca r Life - fers. e
| nes, Catyepiel P RmblInSRE ] i ALOLOAESBNRER, Sl P o
be used tompemnistmddinfhgments ab deedbet wrientssiaphfsthe peesemtdiweloagiec dhese are,
performance. |In the,exanple of the |atter, those differential .

reasur onbheEu it SRERPES Gt ie Tohoverdsd  BF e Thtditiane the sesent
or cal i bdatlogtvewriyekpeat kdfeleficd Minkdt@E af@BE Rk &t 81 VaR8hs SBHHIdshAMiOREetition
differentig&t%glue may be used to assess netrol ogical systém

per f or makt diroge of simplisity apdysilasity e8¢ dopetotalbsifedictaigon selatiaaghipfbetween
call brat kafolsldfpdRicRARNLEE ARGicAs fistigtent 1al pitch value or
offset is determ ned by subtracting the average pitch value of the
first series of calibration lines fromthe average pitch val ue of the
second series of calibration Iines. However, it is also contenpl ated
that three, four, five, etc. sets of calibration lines can be forned
to provide a continuum of test patterns that can be neasured to

ssess netrol ogi cal system performance. [0045]1n summary, aspects of
the present disclosure provide a mask and techni que for measuring
sub- nanoneter pitch steps. The mask conprises a pattern that includes
a magnified pitch or CD offset that, through conventi onal

demagni ficati on techni ques, can be transferred to a photoresist to
provi de sub-nanoneter pitch offsets that can be nmeasured for
calibrating netrol ogi cal systens. Wiile the invention has been
described to particul ar sub-nanoneter dinensions, the invention is
not so limted and it is recognized that the invention can be used to
assess netrol ogy performance at other critical dinensions. Mreover,
the CD rulers and nethod 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
wi dth, as a performance netric. The CD rulers nay be used on test
wafers as well as production wafers. [00461lIt is to be understood
that the foregoing disclosure provides different enbodi nents, or
exanpl es, for inplenenting different features of various enbodi nents.

peci fic exanpl es of conponents and arrangenents are descri bed bel ow
Ep sinplify the present disclosure. These are, of course, nerely
exanpl es and are not intended to be limting. In addition, the
present disclosure may repeat reference nunerals and/or letters in
the various exanples. This repetition is for the purpose of
sinplicity and clarity and does not itself dictate a relationship

bet ween vari ous enbodi ments and/or configurations discussed. WHAT IS
CLAIMED I'S: 1. A nmethod conpri sing:
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providing a first pattern with a first pitch and a second pattern
with a second pitch, wherein providing the first pitch and a second
patterns includes formng a selected one of the first and second
pitches using a nask having a mask pitch that is a nultiple of the
sel ected pitch; determning a difference between the first
pitch and the second pitch, the difference being a pitch offset

val ue; measurin?sthe first pitch of the first pattern; neasuring the

second pi tWHAS¥ ¥ GEAJMEINES:pat t er n; deternmining a difference
bet ween the measured first pitch and the neasured second pitch, the
di fference being a neasured pitch offset value; and determ ni ng

met r ol ogi dal aécmamo@'c‘mﬁpm'simmt rol ogy syst em based on proximty of the

neasured pitch _off aluetot itc set Iue 2. The t hod
ool mrm o e ERiE R PR st e APt S5 atEodiin v Gp  doaf i
one nanoNefein pRvidiEeh8EkN @ecDindCd @k Ppattehe iRiitiet RGmidhd £ Bl hddSEile of

value is 0.25 nanoneters, 4. The nethod of claim1l, wherein the
first pitdhe 5t Anhassprdi PResMUBING arsesk e e mmask pigchsbeiisce minktiph pfsthe
measured Lremppypgeond wafer. 5. The nmethod of claim 1, further
conpri si ng patternl ng a test wafer using the mask with a
demagni ficati odetfemmg & odifferended bettwiven ghé ef'u‘stedltc};h tandh. the Gecdile pivet, hibd
of claim ‘rE’lifference ngtarf)?tcgefpaquglfl cation factor is four.

measuring the first pitch of the first pattern;

measuring the second pitch of the second pattern;

determining a difference between the measured first pitch and the measured

second pitch, the difference being a measured pitch offset value; and
determining metrological accuracy of a metrology system based on proximity of

the measured pitch offset value to the pitch offset value.

2. The method of claim 1, wherein the pitch offset value is less than or equal to one
nanometer.

3. The method of claim 2, wherein the pitch offset value is 0.25 nanometers.

4, 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.

5. The method of claim 1, further comprising patterning a test wafer using the mask

with a demagnification factor to provide the selected pitch.

6. The method of claim 5, wherein the demagnification factor is four.

7. The method of claim 1, wherein each of the measuring operations is done with a

scanning electron microscope (SEM).
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7. The nethod of claim1l, wherein each of the measuring operations is
done with a scanning el ectron m croscope (SEM. 8. The met hod of
claiml, wherein each of the neasuring operations is done with an
optical critical dinension (OCD) process. 9. A nethod for

met rol ogi cal calibration, conprising: forming a first set of
material |lines having a first pitch and a second set of materi al
| i nes having a second pitch; provi di ng a mask having a mask

pitch that is a nultiple of the first and second pitches, the mask

for form %9;%@%&1&&15 £ angh %e%@%ﬁ?&cﬁ Hih IR G LA A P rs{*?ﬁé@{{e'@ 9, Lhe

first set materi a |nes to determ ne a neasu ch"and

t he secondpsSet coficardinemsiah (DCB¢pracessdet ermi ne a neasured second
pitch; determning a pitch difference between the nmeasured first and
second pitches; conmparing the pitch difference to a pre-defined pitch

difference, and method fo¥@icdioMgiiaNénlibrdtioR! RhippBingeeded for a
nmetrol ogi cal tqol to reduce any differential between the pitch

di fference and fréngpigesst rdampietiahliegstagingne dirst pich aidea rrgednddsedfof
claim?9, gﬂﬁ%ﬁﬁPn&hﬁvﬁﬁ%%&&hﬁ%nﬂEC|Udes using an OCD process. 11.
alm

The net ho whereln the measuring includes identifying a
plurality of cafdviiag &mmsk(haesgiann&ks;éwhdbmdmatmltipbfcé‘rtheaﬁcht ed setoht g

P o e R B B PR R e AR S
measur ed firdtREST infatdrin@ 1Has b rddtei@ite ZOARSsured first pitch and the second set of
material lines to determine a measured second pitch;
determining a pitch difference between the measured first and second pitches;
comparing the pitch difference to a pre-defined pitch difference; and
determining calibration needed for a metrological tool to reduce any differential

between the pitch difference and the pre-defined pitch difference.

10.  The method of claim 9, wherein the measuring includes using an OCD process.
11.  The method of claim 9, wherein the measuring includes identifying a plurality of
calibration zones in a semiconductor wafer and measuring pitch in each of the calibration

Zones.

12. The method of claim 11, wherein the measuring includes using an SEM process

that averages measured pitches in the calibration zones.
13.  The method of claim 9, wherein the forming the first and second sets of material
lines include masking a semiconductor wafer with demagnification of the mask pitch to

mask the semiconductor wafer to have the first and second pitches.

14.  The method of claim 9, wherein the pre-defined pitch difference does not exceed

one nanometer.
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13. The method of claim9, wherein the form ng the first and second
sets of material lines include masking a sem conductor wafer with
demagni fication of the mask pitch to nask the sem conductor wafer to
have the first and second pitches. 14. The nethod of claim?9,
wherein the pre-defined pitch difference does not exceed one
nanoneter. 15.The nmethod of claim9, wherein the formng the first
set of material lines and the second set of material |ines conprises
formng a material |ayer selected fromthe group consisting of a
di el ectrigsmat V. thy enl I Q. 11
serm con dugt or %{a Zf%’eltﬂé)lﬁ AT cia C%%?xﬁ:g} 1:118 :i]?% u&éghéagj%rst & &' matBrial lines and the
second set of material l1nes comprises forming a material layer selected from the group

consisting of a dielectric material layer, a conductive material layer, a semiconductor

material, and combinations thereof.
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