MULTI - VARI ABLE REGRESSI ON FOR METROLOGY HELD OF THE

I NVENTI ON [ 0001] The present invention relates
generally to metroiogy tools, and nore particularly to
an i nproved net hod for assessing netrol ogy tools.
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[0003 epr e trchoiqyy farecesqingmalggy=toalacchracysdreconyparigg tifpesurement
Nf TUT data set, is the RNIT data set, and
data from a metrology tool under test (MTUT) with those from a reference metrology tool
(RMT). For example, Fig. 1 shows a plot of critical dimension (CD) measurements from a
MTUT, in this case a scanning electron microscope (SEM), with CD measurements from an
atomic force microscope (AFM), RMT. Linear regression can be used to establish a relationship
between the MTUT and the RMT. When performing regression, both the MTUT and the RMT
are assumed to behave linearly. For example, the linear regression produces a best-fit straight
line 110 represented by the equation y = a-x + b, where:
y is the MTUT data set,
x is the RMT data set, and
a and b are the linear regression slope and offset respectively.
[0004] As shown in Fig. 1, the slope of the best-fit line is 1.2185, while its offset is 7.2768.
This produces a regression residue (R?) of 0.9494, which is used as an accuracy index of the
MTUT. Alternatively, the total measurement uncertainty (TMU) approach described in, for

example, United States Patent No. 7,221,989 may be used to compare the measurements. In

such case, the TMU value is used as the accuracy index of the MTUT.
I
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reference metrology tool (RMT) to generate a plurality of reference data sets. The data sets are
then analyzed using multi-variable regression.

[0008] In another embodiment, the invention relates to a method of fabricating integrated
circuits. The method comprises assessing a MTUT by measuring a target parameter of a
plurality of test structures using the MTUT to generate a test data set. A plurality of reference
parameters of the plurality of test structures are measured using a RMT to generate a plurality of
reference data sets. A multi-variable regression analysis is performed on the data sets. Using the
assessed MTUT, a feature during processing is characterized. The information from the
characterized feature is used to determine processing parameters for a processing tool which is
used to process wafers to form ICs.

[0009] In yet another embodiment of the invention, a method for increasing accuracy of
assessing a metrology tool under test (MTUT) is provided. The method includes measuring a
target parameter of a plurality of test structures using the MTUT to generate a test data set. A
plurality of reference parameters of the plurality of test structures are measured using a reference

metrology tool (RMT) to generate a plurality of reference data sets. The method further includes
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being placed upon illustrating the principles of the invention. Various embodiments of the
present invention are described with reference to the following drawings, in which:

[0012] Fig. 1 shows a plot of CD measurement data for a MTUT versus that for a RMT;
[0013] Fig. 2 shows cross-sectional views of various profile features and their effective CDs
measured using a top-down CD-SEM;

[0014] Fig. 3 shows CD measurement data for a CD-SEM and an AFM for profiles having
different CDs and sidewall angles;

[0015] Fig. 4 shows a plot of sidewall angle measured using a MTUT in the form of a SCM
as against sidewall angle measured using a RMT in the form of a CD-AFM;

[0016] Fig. 5 shows a flow diagram of a method for assessing a metrology tool in accordance
with one embodiment of the invention; and

[0017] Fig. 6 shows a pareto plot of sidewall angle measured using a MTUT in the form of a

SCM as against sidewall angle and CD measured using a RMT in the form of a CD-AFM.
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[0019] Conventionally, metrology tool accuracy assessment assumes that measurement
results are determined by a single factor or variable, such as CD. However, we discovered that
measurement results based on a single variable can lead to inaccuracies in assessment of
metrology tools. For example, measured CD can be influenced by line width, as well as sidewall
angle, top corner rounding, profile height and undemeath film thickness. Inaccuracies in
accessing metrology tools can negatively impact yields.
[0020] Referring to Fig. 2, features 220 and 230 from which measurement data is acquired
are shown. The features have the same effective CD (CD, = CD,), but different sidewall angles
(01 > 6,). As aresult, different CD values are measured by a top-down CD-SEM (CDsgym,1 <
CDsgm2)- This is because a top-down CD-SEM is unable to detect the bottom of a re-entry
profile. Consequently, the measured CD value inevitably corresponds to the widest portion of
the profile, as shown in Fig. 2.
[0021] Fig. 3 shows a comparison of CD measurement data for a CD-SEM as MTUT, with
that for an AFM as RMT. Samples having different sidewall angles for the same CD are

measured. From Fig. 3, it can be observed that the difference between MTUT and RMT values

increases with the sidewall angle of the samples, for the same CD.
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metrology tool that can be trusted to determine the true value of the target measurement

tool under test
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parameter. In one embodiment, the MTUT and RMT are metrology tools for characterizing a
profile feature. The process begins at step 310 where the MTUT is used to measure a target
measurement parameter of a plurality of test structures to generate a MTUT data set. The test
structures can be incorporated on a substrate of a product wafer or a test wafer. Any useful
number or types of test structures can be provided. Preferably, the number of test structures is
sufficiently large to ensure reliability of the data collected. In one embodiment, the accuracy of
measurements of the target measurement parameter made using the MTUT depends not only on
the actual values of the target parameter, but also on other measurement parameters. For
example, where the MTUT is a SCM, measured CD values are also dependent on the sidewall

angle of the profile.
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form of a CD-AFM (AFM-SWA), on a second (x,) axis, and CD measured using the CD-AFM
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Hence if the MTU is calibrated with more than one parameter, the calibration accuracy will be
higher than single parameter calibration.

[0030] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



regression can be performed using the ordinary | east
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data sets from the RMT.

2. The method of claim 1 wherein the MTUT comprises a first type metrology tool

and the RMT comprises a second type metrology tool.



1. A method for assessing a netrol ogy tool under test
(MTUT) conp nmeasuring a target paraneter froma
plurality of test structures using the MIUT to
generate a test data set, the test data set
corresponds to a test vari able; measuring a
first reference paraneter fromthe plurality of test
structures using a reference netrology tool (R Ml to
generate a lira reference data set, the first
reference data set corresponds to a first reference
Jyar i db¢ method of claim@ adwreinihe frssand seran¢ epesraggrelected from AFM,
paraneter, which is different fromthe first reference
Yy erd THMom t he plurality of test structures
-using the RMI to generate a second reference data
set, the second reference data set corresponds to a
second reference variable, wherein the first and
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conpared with the target paraneter neasured by the

Nt rut and wherein the first reference paraneter is the
same as the target paraneter and the second reference
Par affie methphéf] cleem dehetelrethe Brshend sprandiiypeseare sepqigd from AFM,
performng a nmulti-variable regression analysis,

SN agd REMt i - vari abl e nodel of the tnulti-yraiable
regression analysis is based on the test variabl e of
the test data set fromthe MILIT and first and second
reference variables of the first and second reference
Gdat a Thetrsthpd ofiplaihe wAeIRin the multi-Tneblereegtestioromalypia defgrmines
wherein the MIUT conprises a first type nmetrol ogy too
aenodftickeat ARty ation,i véstrimthe eendlivdent gisisteranptisingepresens the
SCM SEM and TEM 4. The nethod of claim2 wherein the
dopursrty indvd ofthe A K. ypes are different types. 5,the

nmet hod of claim4 wherein, the | est and second types
are selected fromAFM SCM SEM and TEM

7. The method of claim 1 wherein the multi-variable regression analysis comprises

ordinary least squares or Mandel.

8. The method of claim 7 wherein the multi-variable regression analysis determines
a coefficient of determination, wherein the coefficient of determination represents the

accuracy index of the MTUT.

9. The method of claim 4 wherein the multi-variable regression analysis comprises

ordinary least squares or Mandel.



6. The nethod of claim| wherein the nultiregression
anal ysis determ nes a coefficient of determ nation,
wherein the coefficient of determ nation represents
the accuracy index of the MILIT. The net hod, of
claiml wherein the nmult-variable regression analysis
conprises ordinary | east squares or Mandel. S. The

nmet hod of clain? wherein the inM-variable regression
anal y3is deternmines a coefficient of determ nation
wherein the coefficient of determ nation represents
Ohe dbemedoyofichtes vdfereithibe MRUTYarigblT rarepgantaoalyos dadraings
4 wherein the multi-variable regression analysis
oaiiicicsled doratiinptipy, Wheesit the quesiiaent of delgbmigiation rapgesiigthe
met hod of crein the"able regression analysis
detrayideeof he YU | ci ent of determi nation, wherein the
coefficient of determ nation represents the accuracy

i ndex of the MJTT, iiThe nethod of claiml wherein the
target and the first and second reference

11.  The method of claim 1 wherein the target and the first and second reference
parameters are selected from critical dimension, sidewall angles, top corer rounding,

profile height, underneath film thickness or a combination thereof.

12.  The method of claim 1 wherein the target parameter comprises critical dimension
of the test structures and the first and second reference parameters comprise critical

dimension and sidewall angle of the test structurcs.

13. A method of fabricating a device comprising:
assessing a metrology tool under test (MTUT) by

measuring a target parameter from a plurality of test structures
using the MTUT to generate a test data set, the test data set corresponds to
a test variable;

measuring a first reference parameter from the plurality of test
structures using a reference metrology tool (RMT) to generate a first
second reference data set,

measuring a second reference parameter from the plurality of test
structures using the RMT to generate a second reference data set, wherein

the first and second reference parameters measured by the RMT are

10



paranmeters are selected fromcritical dinension,
sidewal I angles, top coner rounding, profile height,
underneath that thickness or a conbination thereof.

12. The nethod of claiml|l wherein the target
paraneterrises critical dinmension of the test
structures and the first and second reference
paraneters conprise critical dinension and sidewal |
angle of the test structures. A nethod of fabricating
a device conprising: assessing a netrol ogy tool under
t est ( MIUdomdased with the tarpetparinagr @edsercdey thp M Td R rad whergm
a plurality of test structures using the NITLIT to
gener at e thelfiestefatataps@tstertihibe sastas thattzge @arameter and the
corresponds to a test variabl e; measuring a
first refscenoeeparcpaperer fnfloencedthe fpigat mkdntejer,oindt est
structures using a reference netro& ool (RNITF) to
generate a fi retforsdgondultiehéadnegcdmnandpis, wherein a multi-
nmeasuri ng a second reference paraneter fromthe

pl ur al i t yvofablt estielf thy atulti-esiabls irgpgestibrearRiyRis isdaspdme izt e
a second reference data set, wherein the first and
second r efestrvaniabée (Falicdesetiga sct fremshr MAUByend hest dnSecand
conpared with the target paraneter neasured by the

W TT, andrefdrereiariablaeoffthe Sist and bepehreropes datetetsrfronsthe he
same as the target paraneter and the second reference
par anet er RM1If | uences the target paraneter; and
performng a nmulti-variable regression analysis,

wher eking éhenmHetstd MATITab kleravxdiet a Ghtutcveringiprotessing;i abl e
regression analysis is based on the test variabl e of

t he tdestmidaparcsesting pamméetkre fdvidSiocessobg kot bisedordthsecond
reference variables of the first and second reference
diataates eddfedturgnmd he . 1. 1. M,

processing a wafer on the processing tool based on the processing parameters to
form the

device.

14.  The method of claim 13 wherein the MTUT comprises a first type metrology tool
and the RMT comprises a second type metrology tool selected from AFM, SCM, SEM

and TEM.
15. The method of claim 13 wherein the multi-variable regression analysis determines

a coefficient of determination, wherein the coefficient of determination represents the

accuracy index of the MTUT.
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usi ng the assessed MIUT to characterize a feature
during processing; determ ning processing paraneters
for a processing tool based on the characterized
feature; and processing a wafer on the
processi ng tool based on the processing paraneters to
fban the device. 14. The nethod of claim 13 wherein the
MIUT conprises a first type netrol ogy tool and the
RN |
16 o KR A R PR TR AR O OO B AR o rises
wherein_ the varlable regression amiys's
Ordlaal?'el?arsrl Hes 3 OCOG#“?I cient of determnation, yV\/ner ein the
coefficient of determ nation represents the accuracy
i ndex of the MIUT. ordinary |east squares or Mandel .
17. The met hod of claim 13 wherein the target and

17. £ (e mipdsf el ?é’f"éf“é‘h@‘é tHEetaRe fEY endpesondieluensa

fromcritical dinmension,sidewall angles, top corner
paranesiel isgelepled fiomecritistlghmensinvg sifpealt #nglds] top chmeKOEBE N

a conbi nation thereof. 18. The nethod of claim 13
profuh @eighty ubdrendagr flet thpinesyet @ cornbimhatiprsthesoien i i cal

di mensi on of the test structures and the first and

second reference paraneters conprise critica

di mensi on and sidewali angle of the test structures.
18.  The method of claim 13 wherein the target parameter comprises critical
dimension of the test structures and the first and second reference parameters comprise

critical dimension and sidewall angle of the test structures.

19. A method for increasing accuracy of assessing a metrology tool under test
(MTUT) comprising:

measuring a target parameter from a plurality of test structures using the MTUT
to generate a test data set, the test data set corresponds to a test variable;

measuring a first reference parameter from the plurality of test structures using a
reference metrology tool (RMT) to generate a first reference data set;

measuring a second reference parameter from the plurality of test structures using
the RMT to generate a second reference data set, wherein the first and second reference
parameters measured by the RMT are compared with the target parameter measured by
the MTUT, and wherein the first reference parameter is the same as the target parameter

and the second reference parameter influences the target parameter; and
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19. A nmethod for increasing accuracy of assessing a
nmetrol ogy tool under test (vrrliT) conprising:
nmeasuring a target paraneter froma plurality of test
structures using the MIUT to generate a test data set,
the test data set corresponds to a test variabl e;
neasuring a first reference paraneter fronplurality of
test structures using a reference netrol ogy tool (RM)
to . 1 -, f
s B & O e e e AEraT 3,
det G AR RS erREn s  ISDERAS fa8 SERORAVTENALAREE L2
Set, erein e first and second reference paraneters
nmeasur.ed the. RMI are c ared with the target
verighle BioE Hietlir S By or AGTRIFT Do N g e oF  tt
reference paraneter is the sane as the target
datgyeF Hpmttey MﬁﬁH unisiond seropd repencsey piablanat tg? first and second
i nfluences the target paraneter; and per form ng
refegengeifiath seiafrpabheRMegr essi on anal ysis to deternmine a
coefficient o determ nation which represents the
accuracy index of the MMI, wherein a multi-variable
nodel of the nulti- regression analysis is based on
20. t heTHe@sdthodasficadine 90fhekdig tHe@STUTabmpsieds of firoitypd@etbdlddly tool
and first and second reference variables of the first
and AR BECRRDrEEs Hakén &m_&&aa% a1 Ridekddl from A8M, Bog4, SEM
met hod of claim19 erein the WNW conprises a first
andiRg nMetrol ogy tool and the PAT conprises a second
type netrol ogy tool selected from AFM SCM SEM and
TEM 21. The nethod of claimconprises:

21.  The method of claim 1 comprises:

measuring more than two different reference parameters with the RMT to
generate more than two different reference data sets corresponding to two or more
different reference variables; and

performing a multi-variable regression analysis, wherein a multi-variable model
of the multi-variable regression analysis is based on the test variable of the test data set
from the MTUT and more than two different reference variables of the more than two

different reference data sets from the RMT.

22.  The method of claim 13 comprises:
measuring more than two different reference parameters with the RMT to
generate more than two different reference data sets corresponding to two or more

different reference variables; and
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measuring nore than two different reference paraneters

wWth the RMI to generate nore than two different

reference data sets corresponding to two or nore

di fferent reference variabl es; and performng a

mul ti-variable regression analysis, wherein a

mul ti-variable nodel of the t regression analysis is

based on the test variable of the test: data. set from
Ao TR o R el RL 8BRS B Evoriah

va | g{gﬁng nmor e %%r i %EET eréernlt 4 ﬁ’?gr ‘é%r{:ag ¢ model
ron1the R cla

of tgeg}rnl%%tfigéergapfe Iegression, anl\e{lir Sis 1s %asm(‘? O[ﬁ Var1a ]f:)fhe heFt data set

rlng rmret ere

or ﬁ%ﬁ?ﬂﬁ&@? oI it T e e”q?éﬁepawm two

nore different reference ables; and

dﬂﬁﬂ%ﬁﬂ@?ﬁmﬁ@dﬁaﬁﬁfﬁPmVQ?R§97e regressi on anal ysi s,
wherein a multi-variable nodel or the nulti-variable
regression analysis is based on the test variable of
the test data set fromthe MIL1T and nore than two

23. di fihemstiodrdfctnimri®eomariseabl es of the npre than two
different reference data sets fiumthe RMI. The net hod
of ntdagiringhfore aidItive lsfferéft astfeh (i aiai @erk Rath th\RMT to
different: referenceters with the RMI to generate nore

gendrB@Mndrvhadivh b Arrendnt r@EehaNGES s@@tc@n@ﬁ;oﬁdﬁ% id &R
to two or nore different reference vari abl es; and

dﬂﬁggﬁgg%ghggngﬁﬁ£tﬁlvar|able regression anaIyS|s

wherein a ti-variable nodel of the multi-variable

g S R L
ot ) B SRR FER R TP 5

from the MTUT and more than two different reference variables of the more than two

different reference data sets from the RMT.
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