METHODS AND APPARATUS FOR DETERM NI NG THE THI CKNESS OF
A CONDUCTI VE LAYER ON A SUBSTRATE BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates in
general to substrate manufacturing technol ogi es and
in particular to nmethods and apparatus for optim zing
an electrical response to a conductive |ayer on a
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aluminum (Al), copper (Cu), tungsten (W), etc.) that allows electrical contact

between two sets of conductive patterns. This establishes electrical contact between
two active regions on the substrate, such as a source/drain region. Excess conductive
material on the surface of the dielectric layer is typically removed by chemical
mechanical polishing (CMP). A blanket layer of silicon nitride or silicon carbide
may then be deposited to cap the copper.

[0004] Subsequently, in order to insure that the process is within acceptable
parameters, it is often important to determine the electrical film/layer properties
(e.g., thickness, sheet resistance, etc.) of a conductive layer at a particular point on

the substrate. One method of measurement is the use of eddy current sensors.



(e.g., thickness, sheet resistance, etc.) of a
conductive layer at a particular point on the
substrate. One nethod of measurement is the use of
eddy current sensors. 1 Cenerally, eddy currents are
currents that are induced in a conductive nedia by an
alternating magnetic field. [0005] In general, if a
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a range of voltages that can be bounded by the signal with no second conductor
present and the signal with a second conductor causing maximal change in the
signal. The exact shape, thickness and conductivity of the second conductor that
causes the maximal change in the probe signal generally depends on the probe
geometry, excitation frequency and the method adopted for measurement, but
generally it is a thick (on the order of many times the diameter of the probe)
conductive film (layer) placed as near to the probe as possible.

[0007] Depending on the application, conductive or magnetic elements can

also be incorporated into the design of the probe in order to modify the spatial extent
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causes the maxi mal change in the probe signa
general ly depends on the probe geonetry, excitation
frequency and the method adopted for neasurenent, but
generally it is a thick (on the order of many tines
the di aneter of the probe) conductive film(Ilayer)
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variation is primarily proportional to the inverse of film resistivity. Electrical
resistivity (also known as specific electrical resistance) generally indicates how
strongly a material opposes the flow of electric current. A low resistivity generally
indicates a material that readily allows the movement of electrons. However,
resistivity is also generally dependent on temperature.

[0010] Referring now to FIG. 1, a simplified diagram of an eddy current
sensor is shown. Generally, changes in the sensor’s coil impedance 102 are caused
by varying the distance 104 between the sensor (coil) and substrate 106. Since the

electrical parameters of target material resistivity and permeability may determine



variation is primarily proportional to the inverse of
filmresistivity. Electrical resistivity (also known
as specific electrical resistance) generally indicates
how strongly a material opposes the flow of electric
current. Alowresistivity generally indicates a
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between the sensors. In practice, however, it is often very difficult to repeatably and

precisely position the eddy current sensors with respect to the measured conductive
layer.

[0013] For example, the equipment used to position a substrate between
sensors may have a tolerance range that is too broad, so that the perturbations of the
sensors due to changes in the substrate film thickness are substantially similar when
compared to the sensor perturbations measured due the differing proximities at
different measurement placements or times. Likewise, a mechanism used to move
the substrate with respect to the sensors (i.e., turntable, etc.) may induce vibrations

in the substrate or changes in the substrate proximity with amplitudes that cause
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geonetry and substrate handling, stage novenents,
etc.) prior to making neasurements, the proximty
error in theory may be cancelled out by averaging a
pai r of measurenments taken when the substrate is

pl aced in the known position between the sensors. In
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[0016] In view of the foregoing, there are desired methods and apparatus for

optimizing an electrical response to a conductive layer on a substrate.

SUMMARY OF THE INVENTION

[0017] The invention relates, in one embodiment, to a method of
determining a first thickness of a first conductive film formed of a first conductive
material on a target substrate. The method includes positioning a first eddy current

sensor near a set of positions on the target substrate. The method also includes
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angl e between the sensor line and the tangent vector
may increase to the point at which both sensors

cannot be positioned over the sane point on the
substrate at the same tine. Additionally, the sensor
Swing armconstruction itself may prevent |ocating
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one sensor ( cross talk) ma
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[0019] The invention relates, in another embodiment, to a method of
determining a first thickness of a first conductive film formed of a first conductive
material on a target substrate. The method includes positioning a first eddy current
sensor near the target substrate. The method also includes measuring, using the first
eddy current sensor, a first set of electrical responses that includes at least one of a
first voltage measurement and a first current measurement. The method further
includes correcting the set of first electrical responses using a temperature-
dependent compensation factor that is determined based on a target substrate
temperature at which the first set of electrical responses are obtained, the correcting
resulting in a corrected first set of electrical responses; and determining the first

thickness using the corrected first set of electrical responses.

6



[0018] The invention relates, in another enbodi nent,
to an arrangenent for determning a first thickness
of a first conductive filmformed of a first
conductive material on a target substrate. The
arrangenent includes neans for measuring, using a
first eddy current sensor positioned near the target

substrate, _a first set of elgctrical . responses that. ..
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coefficient o to mean thickness for a conductive film substantially comprising Cu,

according to one embodiment of the invention; and,

[0028] FIG. 7 illustrates a simplified diagram of a method for determining a
thickness of a conductive film formed of a conductive material on a target substrate,

according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0029] The present invention will now be described in detail with reference

to a few preferred embodiments thereof as illustrated in the accompanying drawings.
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reference nunerals refer to simlar elements and in
which: [0022] FIG | illustrates a sinplified diagram

of an eddy current sensor; [0023] FIG 2 illustrates

a sinplified diagramof a substrate on a turntable

with a sensor arm [0024] FIG 3 illustrates a set of
three calibration curves for determ ning the
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enbodi nent of the invention; and, [0028] FIG 7 )
¢ompensated 0%, ia ordertpioptiEHZIFASPTHITBHCH IFRRORS [T #t embodiment,

det er m,ni I.C [ il

PSSR SR U PR Rhod PRSI fod A B
BeE Gedissd tb xotvet grbegbsrecitctritalt fespdnsy effita tanget BEHtAlEBL an
DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS [ 0029] The
ykagwht teMRGEHItE o ViR PmPRAMSaL gﬁorhfggfdlwenlaa%& aferipl of the
Jeﬁfrﬁ{cg NaBstratd isas%l%‘(&nﬁ'éﬁ}fl QIhied BrBedLBRM:Se tl%%& §Rite@A of the
ITTustrated 1 n the acconpanyl ng draw ngs. In the

thiget sabstmgtedescri ption, nunerous specific details are

forth jn order,.to rovide a t.h
@ﬁé@r st andifg SROqdacHy @?éﬁ 4G éﬁtfsi%%%%qﬂlatth%ﬁrgetSEbStrate are
APRAAsing HBYENSAILY diilaP thekirthst frowotsie. Portexahipdd, both the
the present inventi'on may be practiced w thout sone

referexice substtateesied Hpetardet subiiate mey bermenshied UsHig Bissegie eddy

currlelnt r%ggsvu@en%n? %eec%%lque, at about the same proximity, and at about the same

measurement sites (geometry), etc., such that the major variable between the
reference substrate and the target substrate is temperature. In an embodiment, if the
substrate has two conductive films with differing resistivity temperature coefficients,
a set of measurements may be taken at different temperatures in order to derive a
substantially temperature independent value of a desired film thickness.

[0032] Various embodiments are described hereinbelow, including methods
and techniques. It should be kept in mind that the invention may also cover articles
of manufacture that includes a computer readable medium on which computer-
readable instructions for carrying out embodiments of the inventive technique are
stored. The computer readable medium may include, for example, semiconductor,
magnetic, opto-magnetic, optical, or other forms of computer readable medium for

storing computer readable code. Further, the invention may also cover apparatuses
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steps and/or structures have not been described in

detail in order to not unnecessarily obscure the

present invention. [0030] Wile not wishing to be

bound by theory, it is believed by the inventor

herein that variations in substrate electrical film
properties may be conpensated for, in order to

opti m.ze sensqr electrical res se. In an enbo
R e
RAA a8li/oR gi‘d@%ﬁﬂrﬂaﬁf@?&f QT Sut tERY pEeaiking do eMbediteattof the
the sensor electrical response of a target substrate
invergion. Enkmolen of enghearmaatus. in¢lndan gendseldiumpase cormputer and/or a

GG ok B R F b b opilEly REREIRIEE o1 B34 Bcfude

JRibERdteh Afa ddiputddc@fiuting Rislicatad dk@ﬁatk]i/pkdgraﬁmable circuits
enbodi ment, the reference substrate and_the target

wlapied fortthe snmousrtasks meétamugi A grrsmégtl%m% phihe yn‘éeinﬁPlll -afxamples

ql}eéfl uﬁ?@i%ﬁ%&?ﬁgqgée rp r? rla ar geat?ed Bgf/(%}r%tggrammabée circuitry

iHRAS f fdrd mitdpgattd eirsdtsroaf Qlyred wcxrgnbutrth@sommmmnnplemented
techni que, at about the sanme proximt

e otmin i closess Brigie bt AGiEes Aga0 ETYY, foomy, Claliph using a
cs()%%télfer’ e@l’dg 51% %%Ht g}?bxg% \{@er@ bR ark qﬁgg@ce

and Strate is temperature.
[e0333mbo d i mﬁpr,evioﬁlsltyhmteds ltibsetlecaneal hespotiseoofcomsbu ¢e th¢enagnetic

fil h d
f@é@&?@& Gt DB naih ebthorB MrEAcHe 1t ACERog by e
%fﬂnge({éﬁbs‘u%{@ 0@l SeshPnRy GLkhdd &ng&f foViRe %ubstrate That is, as

rally nperature independent val ue of
tﬁe exaitiug Iﬁmbﬂﬁbhh is Ioﬁ Hmsted fROBPExtetrand its mﬁy&ﬁd@é@%@sw%@ the

descri.bed herei nbel o ncl udi,na ,net h

Hoé’é‘ﬁﬁﬂlﬂﬁﬁ%@es romd Sgrcgebg'le I?é’fﬁah eﬁd&curagxgﬁgfta{b%tlons caused by a
LRI InABctoPYeith SR8 alR ddcEdads as e svaontf aaidurer tifiatoved
i ncl udes a conputer readabl e nedi um on whi ch conput er -

fughatafite thespiobet This aorddyasyramigeppr BADAG 1RRR{YC gp both
P&Q@H"&T&?@Hﬁél\é&“"% W‘ﬂnqﬁlgop%g? l?lggérfegal, & GAARUE &5 isolate the

( Fum may i exahpl e,
[ORHGIC O AiC blREtricalmBegpehdeccausqt by nthgrset iof elapridat dilm prroperties

ot her fornms of conputer bl . [
(Slsripaelehin Bagsy SS0HE) Ry T PTIGTY T gisrFicah cpes caused
b%J S8 FANFLuBRRA BldkRGRy r&ponse), which may subsequently introduce an

error in the reported value.

[0034] In addition, the set of electrical film properties for a particular
substrate may itself be variable. For example, the electrical response of sensor may
be affected by the resistivity of the conductive film. That is, eddy current signal
variation is primarily proportional to the inverse of film resistivity. Electrical
resistivity (also known as specific electrical resistance) generally indicates how
strongly a material opposes the flow of electric current. A low resistivity generally
indicates a material that readily allows the movement of electrons. However,

resistivity is also generally dependent on temperature.
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for practicing enbodi ments of the invention. Such
apparatus may include circuits, dedicated and/or
programmabl e, to carry out tasks pertaining to
enbodi nents of the invention. Exanples of such
apparatus include a general purpose conputer and/or a
dedi cat ed conputi ng device mhen appropriately

i nclude a i nat,i on

d .
E‘r 3 o | CBrESHETh B oTEE EaePTEaR A PR A Bgton of

agrpted for the various tasks pertaining to
I‘glpkérélatns o the invention, Exanples of such

appar atus may include appropriate dedicated and/or

progr b cu in one or nore integrated
circu%ggacégf 5/335 o carry out the
@ﬁﬁﬁk&ﬁ5 gﬁlenented t echni ques dlsclosed.herein. In

tion, d in general, for any cal culation using a
comput er, operands in menory or conputer registers are

required, revrously st at e ectr
FER o Sl St S £ o
Jreggrﬁperfufrﬁ%epa&hﬁﬁsis' 2 24Hdrth BREE rotatioACEsHofEY . the Sfunctional

ecte proximty (substrate proximty
de@smtmsre)ofdhe tresposenooralt thet irformasionr ahoat the genyegsion f the

citin field.is I|mte
‘gfﬁ?ft‘? I%elﬂlé Lﬂfb tﬁs&&ﬁé%‘éaés dgg c%lﬁgnt Bosi ? ?fi)érlrdilbxgﬁéezﬁgasumd
il 'i'ﬁtB faeccﬂtveﬁi%m hhaseveed tnigded ST el Reigertbat depesdent
caused by a second conduct or bei ng nmeasured al so

eIt atys elnasn té¢mebakimentd the rrpnrement; @eﬂ%rieaentf vpig Harvolts (V).

m.t h 1
LB GaP b8 el Mo b YR SRLpRRBS EUBLTION 1 mey
Egﬁﬁﬁwﬂﬁﬁihﬁ&ﬂmgeneral, it is difficult to isolate the
portion of the electrical response caused by the set

of electrical filmproperties (electrical film
prope ; fromthe portion of the electrical
respoﬁ E§P2ﬁ2%%§ proximty (substrate proximty
ANREY 2] Whi ch may subsequently introduce an error
in the reported val ue. [0034] In addition, the set of
eIectrrcaI filmproperties for a partrcular substrate

f%%?fgﬁz ?Eﬁné/s@rd' A c%nd c‘tfve %ﬁﬁrﬂﬁ' tg 3 {88aRIR5] Bd mlicled as:

sensor cted by the resistivity
of the conductive fllnr That is, eddy current signa
variation is primrily proportronal to the inverse of
f|Inrdesf@“ﬂvpﬁ%77§Iectrrcal resistivity (also known

mgf@Nlﬁ el ectrical resistance) generally indicates

[0036] Electrical resistivity (also known as specific electrical resistance) is
generally indicates how strongly a material opposes the flow of electric current. A
low resistivity generally indicates a material that readily allows the movement of

electrons. The SI unit for electrical resistivity is the ohm meter. The electrical

resistivity of a material is usually given by :
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strongly a material opposes the flow of electric
current. Alowresistivity generally indicates a
material that readily allows the novenent of

el ectrons. However, resistivity is also generally
dependent on tenperature. 9 [0035] In general, each
sensor response, R can be nodeled as a function of
several key variables R(-) = R(d, p, S, p(T))

[ EQUATLA 1] where d is filmthickness to be neasured,
pis’proximty and Sis generally the sensor seria
nunber which is a short hand notation denoting the
[EQMATIONBH] dependence of the response on all the

i nformati on about the conversion of the detected
perturbation of the particular eddy current probe's
vitieed pl it theetrivelesistvity (ndasuricd iroolm aunterel Rei fthe resistance of a

T T N X i pe—
(ﬁ%g%(ﬁ" ég ﬁ%et&%ﬁ%ﬂﬂ ARMNhe brdkd-sdcBiondllate df Ve spelisanimegsured in

sensors have the sane sensor serial nunber,
stdoénle@xs)l may be further sinplified to: R(-) = R(d,

(7)) EQUATI ON 2] Theref or e fhickness d of a
[ Qr?fﬂuct i vé:“ll?‘i%‘fl?ﬁ-{6??‘§twgy§%§§?§ ge%r%a Pe nodel ed as: d
=.f (R(d, p, p(T))) [EQUATION 3] [0036] Electrical
resistivity (also known as specific electrical
resistange) is generally indicates how strongly a
naterféﬁfopposes the flow of electric current. A |ow
resistivity generally indicates a material that
[EQAATIOMNS] ows t he novenent of electrons. The S| unit
for electrical resistivity is the ohmneter. The
electrical resistivity of a material is usually given
villeré E%i§ the magnitude of the electric field (measured in volts per meter) and J is

the magnitude of the current density (measured in amperes per square meter).

[0038] Referring now to FIG. 3, a set of three calibration curves at a
particular substrate temperature (calibration temperature) for determining the
thickness of a conductive layer (i.e., Cu, etc.) on a substrate is shown, according to
one embodiment of the invention. The vertical axis shows thickness 304 measured in
Angstroms (A), while the horizontal axis shows the voltage response (V) 302 as
measured by the eddy current sensor. In this example, a higher response voltage
correlates to a smaller thickness. Calibration curves may also be created for the same
purpose with the response voltage decreasing, e.g., by offsetting each probe response
voltage by its maximum voltage obtained in the system with no film to be measured.
[0039] In a simplified example, at a particular substrate temperature, the

reported eddy current response V (voltage), with reasonable proximity correction

properties, may be modeled as:

2V = Ri(d,p1) + Rn(d,pn) =~ Ry(d, p[) + 8p'dR1/dp + Ry(d, p[]) - & -dRy/dp

[EQUATION 6]
11



RA P 1 [EQUATION 41 where p is the electrica
resistivity (nmeasured in ohmneters), Ris the

resi stance of a wuniform specinen of the materi al
(measured in ohns),1 is the length of the specinen
(measured in neters), and Ais the cross-sectiona
area of the specinen (neasured in square neters).
[0037] Electrical resistivity can also be defined as:
E P=J [EQUATION 5] where E is the magnitude of the

WheRE i d Gs fﬂe?rgxﬁﬁf%aﬁéﬂaﬁ@nlffbrﬂ 9| dtshpectuataige pf drdndasuement
t he rmé’nl tude of the current density (neasured in

fanpeses, fen, séuring fvst e fixed go@rginRastwesn ygseidend gensor 11, -

Spéer@’]e @Eﬁ?ﬁﬁ@ Jﬁg?"}% gft%gﬁ%e{rhgt g{rué féﬁg:d:féﬁsffxégsu@ment for sensor

1 PR 3y &F th®méhetefghn Iﬁ@m tsél&;or trhiie kxlimRSSmﬁlltaneously For
conductive |l ayer (i. on.a subs

mﬁm@ns 0 &xm@eﬁmr@e,ttbe (Se%m@r éf}fﬁba}l Bt S eﬁaﬁsweeﬁs iR, B Hicoggme for
e vert I
It 509 T4 FIRR LSy A BERSp R claions.

adaltioagsl thoagh trsiesiodses32 shown ireedtagedthyr dévericd dl}aractenstlcs
current sensor. In thls exanpl e, a hi gher response
S\‘ﬁélll ﬂ%@@fen&@rab’é’?é‘ts%ast‘ﬁe Y smaller thickness.

p i rdd brati ggyf Lﬁ%ﬂs%?‘s HRYas@Bed ngVé: h %ﬁﬁ&&htfaﬂ& ii&ificalef®ponse at

ose with the response voltage decreasing, e.g., by
théif seminalh @rceamhy d%(dme)qlé@mﬂ defi mdhtcég@,ssbgn Pllagtlmﬁlliire@ﬁ be

YA S R 0L s

JoRElakioN | RihcoHRS tTh iRl GHYP@E afedbdhse t §éﬁsmf/1€)0 Ofbt dethi delhysors to
current response V (voltagk), wi th reasonabl e

moxxmlm vayiation r(eet. i pximptyopleetrird sesnemselns Adassegeddo be the

sm (18 ma%PpglJ&e) Sngs%rqg%%l}? gip{ /dﬁ%af?%&f %]e'czlﬁalg Bﬂi I)QIB eValuated at

py and the proximity dependent terms in EQUATION 6 cancel out and provide a
proximity independent measurement which can be correlated with the film

thickness.

[0041] In an embodiment, this may be accomplished by using a set of paired
sensors of substantially the same type (hence about same performance) and loading
the substrate halfway between them. Subsequently, the film may have the same
nominal proximity to both sensors. Therefore, canceling out terms, the simplified

reported measurement can be shown to be:

2V =2R(d) + 0
[EQUATION 7]

which may be independent of small proximity variations. In a simplified example,
for a single sensor, if Ry(d,py) = Ru(d,pn) = 1.5V, and if dRy/dp=2V/mm, &,=0.1mm,
then:
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11 where if sPis the proximty variation fromp, at
the actual time of the nmeasurenent for sensor I,
then, inferring fromthe fixed geonetry between sensor

| and sensor Il, - sPis the proximty variation from
p,I at the actual tine of the nmeasurenent for sensor
Il if and only if the neasurenent fromsensor Il is

made sinultaneously. For purposes of this exanple,
the sensor serial nunber S is assunmed to be the sane

for xAfL ﬁ@&{?ﬁt £ .dgth? +RABP, Y- ér/]‘yi.alku/glge_—.consi dered for

pur poses 0O cal cul ations. | addi tion, although
t he rleSypord¢amaf @ lgmowd .5V - ¢¥mmadd. lmmniredVel ectri cal

[Fggim? tics such as current may be used as well.
_ _ sensors are assunmed have a substantially
identical response at their nomnal proximty

R(d,p,)= R(d,pl,) to filmthickness. In practice, .this
[8942]be” r nabany idseh sinm EREHSCRIEASAI RO ARk dhis method
bel, ow or ~w th i f [
RAEHRE O MRS SRS UBRaty ODE IR, O
thAl theseO%hdlidey May it carfied eowd. withrapproyiriaje ehages iinaweighting
response) I1s also assunmed to be the, sane |

PReRPAHEI BEEWC S B CHOSRRIYS ITHRS S 18 PEIIAR _8’&6“5‘? capeeliafiogof the
r?lgle{nq %r&&%&%\%ﬁ?%\%to im:l’udié1 ghel l?l%an.%eﬂb%rg, g{ﬁﬁﬁ@ dffdkmental

ernms i n cancel out and provi
pbspextiesideycrivedegraident measur enent whi ch can be

correlatedq wth the film  thick . [0041]..1

(6B eI, ety ok SE AT ahdt US| R ORBKe 3f the
¢ @h’éﬁgn tSRPS A uFe. Of orS HRRHAB! b dub¥rdt8 §ro@® thPeedui@naat the
about sane performance) ‘and | oadin the substrate
shiadtfareale hetadetorn tehparatiBalsylsfansiatly pbovehide cplibratien tamppeature.

e sa nom n proximty to hoth S .

GrbAhe PO Tbr DBEhBtr D RO BTN, g, ke o st of
MBS As BASHT REENT inC a0bigntBMeWdedrsased: pdustiGR(tijoughput.
0 [EQUATION 7] which nmay be independent of snal]

Havewenitergperaureampy atfectithe wnderlipe vy g mpoaductpg filgy, and
hgxlf_@a/ | eg%?&;is%%asdééd gi(%’ddilpl‘r(#% r:es&nlsé.d' pij) = 1.5V, and if

[0044] Referring now to FIG. 4, a simplified diagram of a substrate with a
conductive film comprising Cu, cycled between about 21°C and about 23 °C across
200 minutes, according to an embodiment of the invention. The horizontal axis 406
represents time in minutes, the left-hand vertical ax_is 402 represents substrate
temperature in degrees (°C), while right-hand vertical axis 404 represents
conductive film thickness in angstroms (A) reported by the eddy current system. Plot
408 represents change in substrate and film temperature over about the 200 minute
interval, while plot 410 shows the corresponding change in the reported conductive
film thickness measured by the eddy current system. In this example, Cu has a
temperature coefficient (o) of 0.0035/degC. As substrate temperature 408 moves in
one direction, increasing or decreasing, the corresponding conductive film thickness

(as measured by eddy current response) moves in the opposite direction. For
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then: 12 2V = Ri(d,pi) + ¢, dR/dp + Rir(d,pii) - s,
dR 1/dp = 1.5V+2V/ nn* 0. 1nmt+1l. 5V- 2V/ nnt¥ 0. 1nun=3V

[ EQUATI ON 8] [0042] Thus in an ideal simultaneous
measurenent situation this method vyields about 0%in
proximty error or typically about 3a<0.03V. It should
be cl ear that t hese anal yses may be carried out wth

appr prl chan ' i ght o

SRBRDt b CRERRSSeh BT A B LOBREH LT Wbeeanss
&Iﬂ[&c |&He@;5’br9ifm§ BEnduk B & GRAT thikAEs IMh tayote9IBE Ar H:o&vever at
i ncl ude nore than two sensors, but the fundamsn

abompgﬁ& ingisutges ¢hé bodstraeraiempefadna 3is AONy &2:10; tCna\yhﬂe the
not e I‘aCtIC ret rate at th
OFresRNd g&ﬁ“ﬁ@ﬁﬁ@#ﬁ?ﬁﬁgini%?sexgﬁgfgg a substra?e

0PRESS NMEeERMIH A KOBIG! hiea siiplisied aliprdre dfeadubstrdte wath a

enperature substantially above the calibratio
mmwatﬁlmecommﬂa@ gueneles baayaen §orios! A P3G across

iO@Srmn?l qsggc\géxbdé%%ﬁ AL ?mbgggeﬁt S’Ietkng %vengsx?s'll“‘r{;:ﬁrm?ﬁbxsrtal BRY 506

ecrease
fepreSeHid Binte in HRin@IES thet BofpRamit uemcaﬂay‘xmfﬂl@ctemdfsents substrate

der | f
oot | BodERe (A JWBls ey T :r‘\é?eﬁlfa'rllegﬁansg‘* represents
Joggéé]f ve Ff?“ﬁ{n% élagssniﬁvgnggrd:nllsc(ﬁx)‘l Pldt 5@8 ri‘@ér‘cgén%dc}ﬁhgegfnai%strate

a subs conducti ve ' m conpri sing
tempbratird edwoe eabcaib othe  200C ramdnteabmmvazs whilgcples sSlOZGbOWS the

rasnopinesene et hod bR RaSk AR Pl Y BEAe i o
Jtlaf?n Shire RaEHicieal td)RL0. @l(l/aeg@ AJ KPEERAE RnSpesatbt I8t rRoves in
erature 1n degrees (O, while right-hand vertical

cmeuchredmm nmpcwmmsdecmaﬁmgcﬂlwerrﬁmo ingicergucsiye ifigm thickness

stro eporte dd
easglgg ‘5 §2?H eng Hg%) gse], r%gu ry rt{me rbgvﬁgylfat ?mectlon For
xﬁﬂ?ﬁé at %&at%’()? migRed {5 12, ethECbemawt@npermhmr msadhouwfzi b2 °C,
410 shows the corresp ondlnﬁ change in th

Wbimthee@rmm@mg gendugtivenfimithickeess 1r8aayfr lé*dISm}\ fHpgvever, at
a ouy 68 mhigll CSSXRé eJHstrJ{et {éhﬁ)e%ﬁgp £abbtt Pasa °C, while the

corresponding conductive film thickness is about 13.1 A.

[0046] Subsequently, if the change in resistivity is proportional to a
corresponding change in temperature for a given material as some given temperature
range, then a change in the resistivity of a conductive layer on a substrate due to a

change temperature in that temperature range may be modeled as:

- pT )= p(T )1 +a(r-T.)
[EQUATION 9]

where p (T,) is the resistivity in ohm meters of the conductive film at the calibration
temperature (calibration resistivity), T is the temperature deviation of the target

substrate from the calibration temperature, and o is the temperature coefficient for
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tenperature coefficient (a) of 0.0035/ degC. As
substrate tenperature 408 noves in one direction,

i ncreasi ng or decreasing, the correspondi ng conductive
filmthickness (as neasured by eddy current response)
noves in the opposite direction. For 13 exanple, at
about 60 m nutes (412), the substrate tenperature is

bout

Pr Rt in S50 BT RESAEIE oBP SR Gald Foggao o
dHolit!D 0868 HELC S UbS ST At t@opawadut €. osdegwmanazadee (oked up
whil e the corresgondl ng conductive filmthickness is

eriroeasuzd ag deswribpd 0aloy fae mest mplgriple wl terestc. 5, a

[ i fied.di of a n
POFRS Conpr PRI (rof, RHPREGSSGalt, bbes SN Stbdrifre, the
RSulfin@ Chape in2(he Iﬁbz[wtcﬁlscoxﬁloc@mjﬁh@ thiok@agss enyote rrbdtantially
of the invention. The horizontal axis SOg)auge re ents

dqu?’éymonﬁmmaééo th 9384TS RS T ol Ang,ubsiBpsally inversely
@gﬁrﬁ%&n& gfﬁoﬁ re&&mg f’(‘w hh EtggmtéN(ﬂmy be further

e ri vertica sents
ﬂ'mpliﬁextasre f| I m t hi ckness in angst rorrs (A). Plot 508
represents change in substrate tenperature over about
the 200 m nute interval, while plot 510 shows the
correspongj change in neasured conductive film
t hi ckdgssgt—qq—gﬁ(m(da,@gaz(@))a Si has a tenperature
coefficieft!n)a) of -0.011/degC. As substrate

@ﬁﬁﬁ%@@ﬁﬁ 8 508 moves in one direction, increasing or
d,]the correspondi ng conductive film

t hi ckness (as neasured by eddy current response)
noves in the qu osite direction. For exanple, at

vleseit do65 the m;m tl(vs fitin, thidkaess desived fiom &m@datqwr@nt rgsponse

about 21 6 | 0 tive
FERCrTPE e bt e 8L eRLe ATRAIIE0%SSOT0 16 s Ralipgtion
téhpethtse, T.NB the babsuatectehpopeuratodtie ﬂnea@b@hédd&?aui:&nﬁesponse
while the correspondi ng conductive f|In1th|ckneﬁs 'S

cdbistarest Jmeapregnia mEsEEEEdy SRy p’l A(Tenels clhg rgpadpsfive film
tfuﬁ:ﬁlke%gl A g bé:ht?Et%)rP ftém@&aturé o2 p GOHhEeSERR ﬁgxm@ng@ the

enperature for a given mat & Fal” as some given ~
doadpeivat filmeg _p(ngle resisanity afhtiegeoriductivee filesiat tthe i dajibration

of a conduct ayer, on bst r at.e. due a han
teTBpTaust i Gl ﬁratlﬁatretlﬁﬁﬁ@?a&@w%ls fﬁﬂ@‘é“%?f[ B ppdistiag Bim at
tASmeasurement temperature Ty, (measured resistivity).

[0048] Substituting EQUATION 9 into EQUATION 10:

_fRW,,p,2(T) _ (R
" (+a(r-T,) (+aAT)

[EQUATION 11]

where, f(R(d, p, p(To))) or f(R.) is the thickness of the conductive film on the
substrate at the calibration temperature, © - T, or AT is the difference in temperature

between the calibration temperature and the temperature at which the eddy current
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p(TT+z)=p(T ) (I +a(a-TD) [EQUATION 9] where p (T) is
the resistivity in ohmneters of the conductive film
at the calibration tenperature (calibration
resistivity), T is the tenperature deviation of the
target substrate fromthe calibration tenperature
and a is the tenperature coefficient for 14 the

conductive fjilmjn degC.1. Typical .val ues of .a e. -1
Wt o5 b SRS S ahtEai BT ig deec”
ﬁ@%uémalﬁgo%f gr&ﬁey te.o. O~Qlo M eQfUTATION 1CaA teefulBekaghplified
up or asured as descri bed bel ow for nost materials
tof interest [0047] Subsequently, for relatively small

changes in tenperature, the resulting change in the
measured conductive filmthickness may be

subst anti L 'y Rorir pvef to the measured
resisd%@&éﬁg ,a%qt) LRI (R ~ el sdi(§.)aAT
pr opor t i GAZADE TRETal i brht Fesistivity p(T,).

ON 3 may be further sinplified as: dm A)
@%@Qﬂ P(TT)) P(Tn [EQUATION 10] where, dmis
the conductive filmthickness derived fromthe eddy
current response neasurenent, da is the actual
(B04act | veMPRtaReRiYCKBED, 90 | SR GBYRBPatigy caused by
tgﬁgaﬁ{u% leag ge Hetebd! P& é&dﬁ%‘i& 34& {ABER REcHhpridRe of Cu, a
neasur ed eddy esp

current r nse of interest . )
fereamtion nefhabownPdlatafr g, tétaRmeky, bp, mpgshrgd.i kn padition, this
conquctive fjlm thickness at . the calibrat.ion
regnrep fray be Meghyted (REDERby B8 Ecr BNl p, For example,
frORG varRtibhd MayPbel cahdR1IEE Db bl Medhniqifest firR-hcanadieg avet of
filmat the calibration tenperature T. (calibration
paed sensprs f subgtantjally sthe eseme ypp tapdoloading the rybtigts dalfway

film t he _measuyr n enperature T. (neasured
beudEothery )Pre‘flﬂ‘bsj%?g%ﬁ%%%i tuting EQUATION 9 into
[6630AT! ON 1R:an ethbodithéXtden plectichlapyponsd ¢ Jeference substrate at a

known temperature may be used to correct the electrical response of a target

substrate at an unknown temperature. That is, for a reference substrate and a target
substrate at a substantially similar but unknown temperature, but which have
substantially the same resistivity response to a temperature change, and a set of set
of calibration curves for the reference substrate at a known temperature, the
resistivity correction p(To)/ p(Twm) for the target substrate may be determined by
combining EQUATION 3 and EQUATION 10 as follows:

dc—ref = f(R(da > P> p(Tc )))
[EQUATION 13]

po(T,) i
T,

dm—ref = f(R(d’ D p(Tm ))) =

[EQUATION 14]
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m (1+a(r-TT)) (1+aAT) [EQUATION 11] where, f(R(d, p,

p(T,))) or f(R) is the thickness of the conductive

filmon the substrate at the calibration tenperature,

T- T, or AT is the difference in tenperature between

the calibration tenperature and the tenperature at

whi ch the eddy current 15 was neasured, and a is the

terrperature coefficient for the conductive fi Imin

degC— For a small (aOT)2 product (e.qg., 0.0),

\Eﬁg\" gf\l slﬁie %’é&s&%d fcehdlieike ﬁlﬂﬁhicﬁh@@ ontthe rcEférenée( Rb)strate at
0Ty =f (Re) - f(R)aAT~f(R~z- (R .)adT (1+aA

tha caliFptidn (eameyazux[eE@hmm isrgengrally Gaud] toghe §@ta@|1e?ﬂndyctwe film

ﬁgﬁﬂwéﬁd&f%{?ﬁ%@% grietgglirg tcb@uctlgggﬁgg(%h%ess on the reference

SBRAHE L MR hidsitcamump idrspdatafe, CH(T Ris the rrb&iftb&ﬁyl mhefreference
about 0.4% of the total may be neasured.. In

swhsteate pérthe r@hbra@ﬁnn@mps@twéa“gu read p(dabpe e rFFF‘?“YﬁY of the
nsor

SRR BT S ) BB 1 AT b oAl

16 @he Rbistifd} sfte Ea@gk&@ﬁbsttaie ai'lﬂlmsﬂaam Uemlpbtgatttrb,e sane type

and | oadi ng the substrate hal fway t we em s

[802Ui ous| yzgﬁsgg)émg A deferanep spstple gﬁogﬁ%&m& ﬁ%hfl n%ﬁu stantially

ﬁiljnﬁ‘a?xl &idgaéurfeﬁ x?seosfs éate{rgét?hﬁﬁfa%e StH@nSBrcﬂﬁx@geaIn fhe reference

era nay be u to correct t he
haadtive <fﬂin thﬁ:kpesssbetv@efena ¢adibepgion agd nstaswrement tepperature (auto
unknown tenperature. Tha

Smsiries (e dbaryer to sptstafed’ GrEnbBbfonse g e taree

%&Até"Th*&Ht GOKTION 1ERREbatWStenid! Whi ch have
tantla t he same resistivity response to a

tenperature change and a set of set of calibration
curves for th ? Eeference substrate at a known

t enpe atUL ResiHyi vity correction p(T,)/ p(Tm
for th&™“f arg,e(tT s)l{b(sferél?z may be deterni ned by

conmbi ni ng EQUATI ON 3 and EQUATION 10 as foll ows:
[EQUATION 15]

where, 1 is an auto compensation factor deoref/dm-ref, de-ref is the measured conductive
film thickness on the reference substrate at the calibration temperature, dm.ref is the
measured conductive film thickness on the reference substrate at the measurement
temperature, p(T.) is the resistivity of the reference substrate at the calibration
temperature T, and p(Tm) is the resistivity of the reference substrate at a measured
temperature Ty, and, since we’ve explicitly modeled the resistivity dependence as
shown in EQUATION 10, f(R(d,p)) is a function of conductive film thickness that is

independent of temperature. Substituting for 1:

_ c—ref o(T,)
m=lar (T )

m ref

d ——=f(R(d,

[EQUATION 16]
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do-,ei = .f(R(dO, p, P(T,))) [EQUATION 13] dm, €]

= f(R(d,p,P(TT)))= P(T) d, -,~( P(Tnm) [ EQUATI ON 14]
16 where, dF,ef is the nmeasured conductive film

t hi ckness on the reference substrate at the
calibration tenperature, which is generally equal to
.the actual conductive film thickness da, and dm, ef
is the measured conductive filmthickness on the
reference substrate at the neasurenent tenperature,
[085h§) 1S Bstiteihd EQUATION 14 o EEfIBATION 165Ubstrat e
at the calibration tenperature Te, and p(Tm is the
resistivity of the reference substrate at a neasured
tenperature, Tm which is also substantially simlar

to thgﬁresf%#&vitvOG%)Zgﬁgﬁzgggyxﬁgg§gyate at the sane

t enper at/ (€, )d, Q03 10(TAy a reference substrate is
confi gu e a substantially simlar eddy
current r eé) e/as a target substrate, then a change
rence conductive filmthickness between a
[Egﬁ‘{gﬁﬁl and neasurenent tenperature (auto
conpensation factor) may be used to correct the eddy
current response of the target substrate. Thus

[M@TI ON 14 apmynhedimentr di-e0f the refgmencesubstrate ps(lapl’r@e measured
R ATI '
SR TR 0o B 8 AR g

ciRRaIEE Gondfthe teferdntd sulishiaknes e ameasined rbef 2y eddyecurrent

substrate at the calibration tenperature, dm LS
SeNfer aHeerEnE Sncue (MFdaige] THOSRIE IR JAS AYsAgeRY the before and

agtgxtr re n@@%ﬁ?@ﬁélﬁ?% He JsbE t&ﬁﬁﬁiﬂ{i%@%m huB TP Yérdpdtht@re drifts

_ e resistrvity of the reference substrate at
difing eadabiremtntost mukipietasget sitesTey therstibgitarer) Alsprevieusly stated,

AP 1 R AnRp A nur R B giso s Ehtie] adatiive film
t 568, Hdnek! th SSRRNERAECwWASTe BB avRperanieEdtell 6] chéhging, a
(d, p))

) i's a function of conductive filmthickness
gbbdtappximation of the reference substrate conductive film thickness dgp.ref | at

least for purposes of calculation, may be derived by averaging a dm.rer taken before
the measurement of dm-tar, t0 @  dmrer taken after. In an embodiment, the reference
substrate is a small landing pad of known Cu conductive film thickness that is
positioned relative to one or more positions near a given point on the substrate to be
measured.

[0054] In an embodiment, the thickness of a target conductive film on a
substrate with a plurality of conductive films may be may be determined. In
general, a measured eddy current response on a substrate includes the aggregate
responses of all conductive films on that substrate. However, for a set of conductive
films, each with a different resistivity p with respect to temperature, a particular
conductive film eddy current response may be isolated by measuring the aggregate
eddy current response at n different temperatures, where n is the number of

conductive films on the substrate. In practice the behavior of the film stack to small
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i ndependent of tenperature. Substituting for rl: d =
de-ref o(Tl) f(R(d,P)) m(ar dmref P(Tnm) [ EQUATI ON
16] 17 [0052] Substituting EQUATI ON 14 into EQUATI ON
16: d de-,gr P(T") f(R(d,p))=f(R(d,p)) P(Tc)de-ref
P(Tm ( P(T,) ) [EQUATION 17] (0053] In an

enbodi nent, dmrer of the reference substrate rmy be

3@33%:33@ PG NG TR A RN T
eag%o 93m{3§f§at‘icﬁ~f flcfdh ?pl%ﬁ&?‘ﬁfa?tﬂ?enn%yuSQG sTRB$UdRE nbY depend

y current sensof after neasuring dmt, of the
dsmuhg &howledge ofithe nometioal \aiwrczfgbe shipetaturp ebefifigieah dut only that

ter dmref su used to mnimze
tg? F‘?f?@?n%@“%gggﬁﬁf@ ﬁ:}ge D?eeta‘&eywié duri ng measurenent
@Pg@”l ti pl RefeiFSlovwid B85, @Na kiR A dptde coxﬁ§ar1ng temperature

ously stated, and in general, neasured
@offitiatio® hctmthithneknézs: tandpetive Slon sebseantiglhy: cpyprising Cu,

{c{gl ét}g;t[% erat rcﬁ@egﬁgﬁgﬁeﬁave@l@r{' R ngéo%tm% 666!1310ws the

od appr oxi rmt i on

ﬁléa?sufe%f rﬁéﬁﬂ%dﬁé@@é fiRth €hiclaReyI G Aﬁgstfdnhs”mﬁt)h Leknestical axis 602
dmref , at |east for fgur poses of cal cul ati.gn

sihewsveéftcbye tarepesgiurey ceeftipientefo)t ofkidn Whstete With @ans){acﬁe The
measg{ Ege 6?{)1 ghm $Althe n%rrﬁneﬁ%{ﬂ L sakgn t@&\hgfa urd NeoRfficient

ere erence substrate is

0.0085/0GCPAS @f. Thewarvews Iaasdusthe earidtiom it iffkties slphi &r the
is pOSItIOﬂEd relative to one ar rmresﬂ% SItIO.nS near
Seows ied

subgfrate withohilm staek 1 Réghd wegicabeds £B4 Sepagin JopEipility
#xnf\%gstl%%o@& g Lervid! %\%It hhﬁlgﬁll@ﬁéu&ﬁ A thelgeintoanduthbt V€ the

strate urality of conductive
itiproveenaay ib eddyayurpent departedi thmltnesls rrepeatability caused by correction
of 2-3°C variation in room temperature. This improvement is shown as point plots
608.

[0056] In general, above a certain threshold, as the eddy current response

due to that target film increases (e.g. a thicker conductive film), the effective
temperature coefficient (o) of a conductive film, shown by 612, approaches the
nominal temperature coefficient (o) for that conductive film, shown by 610. Hence,
only a relatively small number of reference samples may be required to calibrate the
eddy current response to a measured conductive film thickness. The actual number
of reference samples will generally depend on the precision of the temperature
compensation desired, as well as the thickness range of the target conductive film.
For example, the temperature compensation for copper films less than ~40004, at
614, may be quite small and could be ignored, while for copper films greater than
~4000A significant improvement could be obtained with a single reference sample
with copper thickness in the range of 10,000A. The selection of the appropriate

correction coefficient within the small number of reference samples may be based
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general , a nmeasured eddy current response on a
substrate includes the aggregate responses of al
conductive filnms on that substrate. However, for a set

of conductive filns, each with a different

resistivity p with respect to tenperature, a

particular conductive film eddy current response may
(Pnethle Ségtllrggtg q)f Qp(e ay lf'i'iljnr{ﬂ'ckge%s $O9 84ahEo gcqu fifsy He?ﬂ.frements
response at n di Ferent %enpera ures, Where nors e
dsuhbergedfilmconductive films on the substrate. In

[Br actice the behavior of the filmstack to snal|] 18
faflges i Mnwag JieHeude sgntigags. iy egnerak rromeasyged eddy current

I i€l .
LSR5 10,508 LDl 0Bl s, s o
thate sustrated e plomat verg nfot hee sétnofvicendetivé filhs, rachewithak different

val ue of the tenperature coefficient, byt only th
PR PSSR B BB e SRRt bty current

r%%?:ﬁg nﬁgft%r fsbﬁ%dnwvnﬁé%sﬁkr% tHe: ag@repafPlddyl Qfredt 28H8Me at n

mpari ng tenmperature coeftficient a to nean t hi ckness
different tempenatiresy avhierd missthe sember afldopdusting films oy th@usubstrate. If

RS a0 SEPCEA T S DS PERR. BTt my e

wReNeGEbNatihte e ditieK BERR ddBy ONG&H mREBurkMkat daBdd by different
vertical axis 60 shows effective tenperature

fdwef Forcixemplg, a)substrath withtstaoadectivettims i(i.on Sralik etcPhpay be

horizontal |i. h t he nom. nal f.

DERER R i ARG oenli g o B A BT 1 ang s
deZmiRaks eddiecuvi@nt kpaiiie afiribdté@at dnecofahgpéundhiotvet filens.
substrate with filmstack. R ght vertical axis 604 .

[99R8ls r eduftl FNSiVEN SEIRARTEDT| AtSybstae Aistyorenduglve films
n%ﬁrstferﬁ{g(&’el&yaé:”p' enmentation of the invention. That is,
t he

I nprovenent in eddy current reported thickness
repeatability caused by correction of 2-3C variation

in roomtenperature, This inprovenment js. shown as
poi nt” ﬁl%ﬂs-cm@@’%cp[x@&%]‘ ﬁiRﬁdgenePa/qu%dQ/e a certain

as the eddy current response due to that
[#Qigiﬁe#Fi%hincreases (e.g. a thicker conductive
film, the effective tenperature coefficient (a) of a
conductive film shown by 612, approaches the nom nal

vtherep dr-atiuisethe castial chiskness 0f 4 dirstt eendugioyed fidmi ere tha reference
sx‘i’k;]s?r\é\l@, HXCS%Q thel_r!,leclafa? thickness of a second conductive film on the reference
substrate, p is the sensor proximity to the conductive film, pcr (T) is resistivity of
the first conductive film at a temperature T, pcrz (T) is resistivity of the second
conductive film at the temperature T, B is a conductive film thickness dependent
ratio (e.g., to account for conductive film 3-d effects such as very thick copper
dominating the temperature behavior on Si substrates as shown in the previous
figure), and V is eddy current response in volts.

[0059] Substituting, EQUATION 14 into EQUATION 18,
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only a relatively small nunber of reference sanples
may be required to calibrate the eddy current
response to a neasured conductive filmthickness. The
actual nunber of reference sanples will generally
depend on the precision of the tenperature
conpensation desired, as well as the thickness range

of the tar get conduct iv | Im For exanple, the
t enpepat #ea\Gongpens copper films | ess than

- - 4000A, pgga”Glﬂfmnayk@éTQUrf smal | and coul d be
ignored, while for copper filnms greater than -4000A
BEQUATI@NEAO] i nprovement coul d be obtained with a
single reference sanple wth copper thickness in the
range of 10, 000A. The sel ection of the appropriate

wREkeEG] 1s0fe @élﬁ%érhﬁlkce&t which Rhé eddiecigtenl respomseeis nifasured, Te is
ref erence sanpl es nay based. 19 on the estjmte of

thh salibregen tefiperaturgi mfn@ss resseinity RE thedirsrqondeettyertipg per2 ) is

ﬁ?%@%@ﬁg&e%ﬁw onegiugt%egﬁfgrife%aﬁ‘:’ 1Satgérr§§%r ed %3&? onse of the

Gt rcohductive s s b8 @hbtdm%hrtahtpetamrb uiesp)t isethe eddy current
aggregat e responses of all _conduct v  filnms on

rspase aafetherprrené reondugtivg Glp it eqllogetemge%ure Bis a
%0%%Hct Yt ﬁ‘m?rrﬂér&fe% ?c%}%en?&ﬁ%t?& AT 1§°ed@ytd?1rxreﬁtsfé§196n55‘?n volts.

at'ure, ar conductive filmeddy current
TRSpnse sﬁt&h&rateemthakam athdoytiveefisug atng givee taggembue.cthere are
eddy _curren esp % gﬁ di fferent tenperatures,
gmeradlyfwpd flaB ffductive filns on the

EME"]; rate. Hbtvevérhﬁ" the gg&%&éﬂ %dfii/< bﬁﬁeﬁﬁ%ﬁnoﬂhé beh 8bstrate with

rature coefficien this may be used
v mnﬂﬁemrﬂlmuegmmlryancasowd@r lqabteat é‘d@r 9hf€qy¢nté¢mperatures the

asurenent cause rent fil For
SR R ovts g i S prthie ffn o pf b8 ® For
Slatnple, "BYURETIOREABURE, e ¥éﬂﬂ'r1€ibrﬁ ffOF etﬁkfo taggﬂagatat ¢tldg's current
In order to substantially isolate and thus determ ne

mbssustintciakereafitwoskPerasidenpeieiuser @ t o one of the
conductive filns. [0058] At any given tenperature T, a
substrate with tmo conductive films may be nodel ed
as: Vyp=— §1@_CF vz Fr  PCFN (Tm)) + ,6R(dA-cF 2 , P,
PCF2 (Tm )Y [EQUATréi\r 18]

[EQUATION 20]

Vy=B,R, cpy +C, PR, cry
[EQUATION 21]

where, B1 = pcri(Te) peri(T1), Ba = peri(Te)/ peri(T2), Cr = pera(Te) pera(Th), Cz

= pcr2(Te) pera(T2).
[0061] As commonly understood in the art, EQUATION 20 and

EQUATION 21 can be further simplified using Cramer’s Rule:
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where dA. cFl is the actual thickness of a first
conductive filmon the reference substrate, dA.cF2 is
t he actual thickness of a second conductive filmon
the reference substrate, p is the sensor proximty to
the conductive film pcFl (T) is resistivity of the
first conductive filmat a tenperature T, pcF2 (T) is
resistivity, of the second conductive filmat the
tenperature " @lis a conductive filmthickness
dependent ti, (e.(g'icz.tpz(,a}gcount for conductive film
3-d eRfestsSstchas )Rl thrck copper dom nating the
terrperaturej%eh i o tfjr‘?_SFZglabstrat es as shown in the
previous fiBur@), and V is eddy current response in
volts. [0059] Substituting, EQUATION 14 into EQUATI ON
[EQUAZIDN22] PCF_(T_) R -CFlI + PCF2(Tc) )6R, -CF2
PcFI (T.) PCF2(Tm) [EQUATION 19] where T. is the
tenperature at which the eddy current response is
measured, Tc|js he calibration tenperature, PCFl ()
“ o?‘jthe first conductive film pCF2 ()

IS resistivi I)/

is resistiviby B tHEBKeckdd) conductive film Re. CFl

i s the etdy grrgit _r(@g)zonsgalgf the first conductive
2

filmat the Iig ation tenperature, Rc_cF2 is the
eddy currenti2response of the second conductive film

LKbration tenperature, Bis a conductive
@h%fhﬁ?%gss dependent ratio, and V is eddy current
response in volts. Thus, for a substrate with two
conductive filns at a given tenperature, there. are
(9860 al | y RaRGlemNIRAEH#?S, URESTFoR e NERSthef GRRIficd in the case
i | Qe Y BB 88 s i€ BROM SR caBbration
lgﬁilgifrf{){xe bf tﬂe%d?%ﬁggﬁlgg%&x frbBis

ate wth tive filnms 1s generally
topsatueel aFol easmplet if D @ ftlice celibratienpenperatuess (eghd c=T),

R KON g AT L e e oM "y e

re-witten for two aggregate eddy current
nmeasurenents taken at two different tenperatures as: V

= BLR/GFR_CH B%- Gr2
[EQUATION 24]

Vo =ByR, oy +C, PR cr»
[EQUATION 25]

where, B, = peri(Te) peri(Toy=(1+acpATy) ", and C; =  pera(To) pera(T2)

=(1+acpATy) ™.
[0063] Again, as commonly understood in the art, EQUATION 24 and

EQUATION 25 can be further simplified using Cramer’s Rule:
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[ EQUATI ON 20] V2 = B2RC-cF, +C2/JRC-CF2 [EQUATI ON 21]
where, Bt = pCFn(Tc)/ PcFI(T1), B2 = PcFlI(Tc)/

PCFi (T2), C, = Pcr2(Tc)/ PCF2(Ti), C2 = PCF2(Tc)/
PCF2(T2). [0061] As commonly understood in the art,
EQUATI ON 20 and EQUATION 21 can be further sinplified
using Craner's Rule 21V, C V2 C (vC -V2C,) Rc-CF
Bl C, (B1lC2 Bé B2 C2 [EQUATION 22] V B, Vz B2 _
(V B2 -V2B, R -CF z C B (C B2-CzB) B2
[ EQUATI ON ZP; [QIO62]V¢50LVQermnst ration, this equation
can b&._turt T‘Ef"l_%i‘)“l n the case 1in which one of
t he eddy cﬁrren reépbnsé neasurenents i s taken at the
calibratio th;JTFLerature. For exanple, if T, is the
calibration tenperature (e.g. Tc=T,), EQUATION 20 and
[EQUAYT Jcan be rewitten as follows: V = Re-cFi +
NRc- CF2 [EQUATION 24] V = B2RC,-cFi + C2/JRC-cr2

noB
| 4 VB, -V,)
BR.. 2 — b 2
“20C, Bl (B,-Cy)
CZ B2
[EQUATION 27]
[0064] Expanding, for example, the denominator of EQUATION 26:

_ A4 +aCF2AT2)—I -V,
eent a+ ac;«‘zATz)_1 -1+ acmATz)—‘

[EQUATION 28]

Further simplifying EQUATION 26:

_ N +ag,AL)" -V, (A+acAL)
T U+ @y ATy = (1 + @ ATy) ™ (L+ @y AT)

[EQUATION 29]
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[ EQUATI ON 25] where, B2 = pcFI(T,)/

PcFl (T2) =(1+acFi AT2)"', and C2 = PCF2(Tc)/ PcF2(T2)
=(1+acF2AT2)-1. [0063] Again, as commonly understood
in the art, EQUATION 24 and EQUATION 25 can be
further sinplified using Craner's Rule: 22 V1 V2 C2
(V€2 -V2) Rc-CF, - 11 (C - B2) B2 C2 [EQUATION
26] V B, V2 B2 (VB2-V2) C, B (B2 - C) C B2

[ EQUARI ON _2%] —Fld841c-EXhandi ng, for exanple, the
denom fi&t'or gf_(EQd@;l}lA@\) 26: V (1+acr2AT2)-' -\V2
Rc-cr, - (1+ clfg,ggz A'T)' (I + acF, AT2)-"' [ EQUATI ON
28] Further sinplifying EQUATION 26: V, (1+acF2AT2)
'-V2 (1+acF2AT2) R -CF, - (1l+acr2AT2)-' - (1 + acF,

@%TI&%%%EEQX%) [ EQUATI ON 29] 23 Y -V2(1+acF2AT2)

where Re.cri is the eddy current response of the first conductive film at the

calibration temperature, acr; is the temperature coefficient for the first conductive
film in degC", acrz is the temperature coefficient for the second conductive film in
degC'l, AT, is the difference between the calibration temperature T, and the
measured temperature T, V; is the aggregate eddy current response at the calibration
temperature T, and V, is the aggregate eddy current response at the measured
temperature T, Note that if one is only interested in conductive film 1, no
knowledge of the relative contribution of the two films (i.e., B, etc.) is required.
One may now construct the normal correlation functions based off of Rc.cr1 as the
substrate and temperature independent eddy current response and thus report an
improved eddy current result such as CF1 film thickness.

[0065] Likewise, the eddy current response for Rc.cr2 may be shown as
Vyd+acsATh) -V,

(+aerATL) 1
(1 + acrATY)

8 R, _cry =

[EQUATION 31]

again where Rc.cr;is the eddy current response of the second conductive film at the
calibration temperature, B is a conductive film thickness dependent ratio, ocri is the
temperature coefficient for the first conductive film in degC’l, ocry 1s the
temperature coefficient for the second conductive film in degC', AT, is the
difference between the calibration temperature T, and the measured temperature T,
V, is the aggregate eddy current response at the calibration temperature T, and V; is
the aggregate eddy current response at the measured temperature T, If both film
signals are desired across significant differences in film thickness, one may

construct wafers to measure the relative contributions to the eddy current
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(1 + acFI AT2 ) [EQUATION 30] where R~_cF1 is the eddy
current response of the first conductive filmat the
calibration tenperature, aCFl is the tenperature
coefficient for the first conductive filmin degC 3,
acF2 is the tenperature coefficient for the second
conductive filmin degC1l, AT2 is the difference
between the calibration te eratu T an

th
eRsRisMSHst asior e fila stesks ¢ fi‘tgre?th g‘% g gﬁa‘i?se where a
t r
SRR (CFPRREed is oy v ol iﬁ?ssrﬁ%ﬁ%%@ 97 thcknesses
oneasdyr duterntinsTPE:. a;tlbmeer'rtﬁe raxge eftrhm%suaild olﬁ@thes:omlaylon results

et B AR Sk Plsicspiaet by Fifront RPOEHR, Gz nbi¥atized
debdss )J?ﬁ(ﬁlsrfﬁ%f&gesse@%dmné@wm 3C by BR.cFOr mal

correlation functions based off of RR cFJ as the
[606t r at e Refdringrmpoy tx BKG 7, rad%m@hﬂechthagwy smwmémmethod of

&g&?@ggeagﬁggéehs@f %e&%ﬁﬁgt{av%l f&l% orgl\ég %S%g%;ﬁdﬁ&weerﬂ&tenal ona
51%& sftdifate Uéd'chHin%ﬁﬁ@@é‘éﬁbédlmeFﬁ @Ft&e IfAyentiens Haitallpsat 702, a
0+acF2AT2)V, 13R -cr2 - (1+acr2AT2). -1 (1 + acFl AT2

frs] ﬁqurf@l\l Rnjordg Rositigncst eeaRe spizof Rositipas @gdpe taggst sppstrate.
égﬁ%r)%pngequgl%ntt ihGe sse%co(f&)%sﬁ%?glfscsﬁlg Ir# tf4h. [N t rlt 704, a set of

er at uctive

sefdop lélé@ﬁrfcaﬁ%@ﬁ(ﬁﬁemhaf Bicludes aclehst ioge bhe vottmqmeaumnmnt and a
coefficient for the first conduct ve fi

@EFRt measupnent dipstasttafe Nods 1 R r° t9) I gctfg%ag Srgponses is
%gtg& tﬁs¥ AR ﬁldgpatgfegcg dndeM ZolrbeliddBion dfaf:{oer eﬂ?%eneral the

etvveen ration tenperat re Tc and
teiﬂpsraﬁmddé;mnrﬁemaiompenmon o s dleheeda@gme&g@th?r é@lwrate and is

GALAED! R ESBODE Shghe £ DK N SIRELAL S TindP g
tg%gﬁ%géﬁafif?ﬂ%gBgél%ﬁcgl%esﬂohs&m h film signals are
gnificant differences in film

006 T kness, While thimynvention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents which fall within
the scope of this invention. It should also be noted that there are many alternative
ways of implementing the methods of the present invention. In addition, the
invention is not limited to a particular sensor design, method of detection, excitation
frequency, active or passive electrical components or any other peculiarities of a
sensor vendor’s method of reporting a sensible signal to be measured. Also, more
than two sensors may be used. Furthermore, the term set as used herein includes one
or more of the named element of the set. For example, a set of “X” refers to one or
more “X.”

[0068] Advantages of the invention include methods and apparatus for
optimizing an electrical response to a conductive layer on a substrate. Additional

advantages include the use of relatively inexpensive equipment to refine proximity

correction, and higher substrate measurement throughput.
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construct wafers to neasure the relative contributions
to the eddy current 24 neasurenents as for the film
stacks of interest. For exanple in the case where a
copper film (CFl=copper) is primarily varying across
sonme range of thicknesses, one may determ ne [3(d
CFi) over the range of interest and use the
correlatiaqn result ased n EQUATI.ON 30 t e
esicy iR Gitslpsohe SRR SR Pl a SR D6 Mode,
fi 'a&ﬁ‘ \'}%i g]g b@lfnééfevﬂodth@gdlmm %bé’(ﬁm@ﬁ(ts while
I%@%d 0 g rrrng nowto FIG 7,
remaiplrigf wﬁhincthagmb_a,mtsahdwpmg odi theeitnivertiapf as dﬁé’m@ b thenfpllgwing
hi ckness of a conductive filmformed of a conductive
Térial on a target substrate, according to one
enbodi nent of the invention. Initially, at 702, a
first eddy current sensor is positioned near a set of
positions on the target substrate. |In an enbodi nent,
the set of positions is only one position. Next at
704, a set of sensor electrical responses that
i ncludes at | east one of a voltage neasurenent and a
current nmeasurenent is neasured. Next, at 706, the set
of electrical responses is corrected using a
t enper at ur e- dependent conpensation factor. In general,
the tenperature-dependent conpensation factor is
derived from anot her substrate and is dependent on
tenperature change. Finally, at 708, the thickness is
determ ned using the corrected first set of
el ectrical responses. [0067] Wiile this invention has
been described in terns of several preferred
enbodi nents, there are alterations, pernutations, and
equi valents which fall within the scope of this
invention. It should also be noted that there are many
alternative ways of inplenenting the nethods of the
present invention. In addition, the invention is not
limted to a particular sensor design, nethod of
detection, excitation frequency, active or passive
el ectrical conmponents or any other peculiarities of a
sensor vendor's nethod of reporting a sensible signa
to be neasured. Also, nore than two sensors may be
used. Furthernore, the termset as used herein
i ncludes one or nore of the named el ement of the set.
For exanple, a set of "X' refers to one or
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nore "X." [0068] Advantages of the invention include
nmet hods and apparatus for optimzing an electrica
response to a conductive |layer on a substrate.

Addi tional advantages include the use of relatively

I nexpensi ve equi pnment to refine proximty correction,
and hi gher substrate neasurenent throughput. 25 [00691
Havi ng di scl osed exenpl ary enbodi nents and the best
node, nodifications and variations may be made to the

*Wméggggggapgbodinents while remaining within the
ject and spirit of the invention as defined by the

following clains. 26 What is clainmed is: 1. A nethod

R CE NN e M
Jrar et contBsiive dhRerifl QMR thigeNgibsRas] don@ptisirg: a first eddy
current sensor near a set of pOS|t| ons on sajd tar

substpositioningem St ieddy cugeniFeRser depr ¢ s¢t SRApItogs P@rﬁild target
UEQEﬁ a first set of electrical responses that
SURET %es at least one of a first voltage neasurenent

and anédstishg, Cusifi@nhid Measeddgnantent csensroe,cai fiyt saf df sddctrical
of first electrical responses using

resopERs b Bl aRasH ARt OneL it K A easirment g Acfipt current

n%)atsﬁlleﬂleﬂg a corrected first set of electrical
responses, said tenperature-dependent conpensation
f act worxbanﬂggsambkealolﬁﬁmbtfete@mcal capdrseausinga t@u&mm@t@pendent

di ff erent f dt t bst |i.b
compseieapR 0T tacreoy oBeine & Gnatiies KR A FBFHEY Torstses
safdCR e&ﬂﬁg% éd&nﬁ@&ﬁﬁérﬁﬁtﬁrhﬂktdr Sbeﬁ‘}gbn%téﬁﬁéd #Hohy a calibration

simlar to sald first conductive material of said
substopee difitvsitr from; saaddangett ewbsiraien gaidagadibrationt subpiraik aging a

C e . .
SF%@@% ggcglveotr Im otrr%gd folf %Sstecosn?itco(r)lglucet{v%%gtér?ﬁlthat is substantially
similar to said first conductive material of said target substrate; and

determining said first thickness using said corrected first set of electrical

responses.

2. The method of claim 1 wherein said temperature-dependent compensation
factor is obtained by measuring a second set of electrical responses from said
calibration substrate; and selecting said temperature-dependent compensation factor
from a known set of compensation factors, said temperature-dependent

compensation factor correlating to said second set of electrical responses.

3. The method of claim 2 wherein said known set of compensation factors
compensate for a set of known differences in target film temperature variations

between said calibration substrate and said target substrate.
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2. The method of claim1l wherein said

t enper at ur e- dependent conpensation factor is obtained
by neasuring a second set of electrical responses from
said calibration substrate; and selecting said

t enper at ur e- dependent conpensation factor froma
known set of conpensation factors, said

t enper at ur e- dependent . conpensati on.factor corxel at.
4 ol isamefhed 66 RIS o vhreia) Bk IORA) Sof AERsIsato fals intfides

aq%gtﬂﬁgtec@@ar%égqpmt%icm&rs?i n said known set of

conpensat | actors conpensate for a set of known
differences in target filmtenperature variations

bet n said. calibration substrate and.s r

Seube PRBES9 o, I9HG 2BPHBH BT TGP O ey oy fators
KBRS Sihe& i PEHRERERTdf0shid 8640l ScondGtil@ematodial responsive to
estimated target filmthickness. 5. The nethod of

chargemiRtemiperagima. sai d known set of conpensation factors
relate to changes in resistivity of said second
conductive material responsive to changes in

6t enpamat Me@odbof Flagm NEBtWletkinfsatd dedond sehesfeelnctsiealdresponses
second set of electrical responses representin an.
represeating o vespgiag rofc glectrisalp sispeaserdBedsrEd o Ssagﬂ gelibration

cal i_brat. . ' L OGird §GHEI NY errors.
st S Blerp B OB b r AR IR R TS T 2
wherein said neasuring said first set of electrica

responses and said asuring said second.set  of .
Tel ectlhp d&?t%?€§§ (fﬁ%‘g’sns averga r%asffP&asur%i ??bds S%?tosef of gfectrical
r@sgg%seg Whé S mé&tafihe fsﬁd sehd"Rt BPHIebkicsl RipOnseste RHBrmed
sald nmeasuring sard first set of electrical responses
uaing ssidifitstraddyg eniromf ssasod. second set of el ectrical
responses are performed wusing substantially simlar
nmeasur enent protocols. 9. The method of claim2

gwher gipg Hahed BEasaihi Hovséidl BRCaRdsieRle 9id Eir@cder b€ @lectrical
responses is performed using a second eddy current

respnasss add fstidrraersufing aaid seepntli set of cleglgigalcigspeaes &g megprmed
10. Th hod .of im | in said determ ning
o g g Rl B QUgloRR

9. The method of claim 2 wherein said measuring said second set of electrical
responses is performed using a second eddy current sensor different from said first

eddy current sensor.

10.  The method of claim 1 wherein said determining said first thickness includes
correlating said corrected first set of electrical responses with a set of thickness

correlation curves.

11.  The method of claim 1 wherein said first conductive film comprises at least

one of aluminum and copper.
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correlating said corrected first set of electrica
responses with a set of thickness correlation curves.
11. The nmethod of claim 1l wherein said first
conductive filmconprises at | east one of al um num
and copper. 28 12. The nethod of claim 1l wherein said
first set of electrical responses represents a set of

el ectrical resp es that, has b

B e S PR e LR BRSSP Bl psponses

réﬁx’@éﬁ&s angbeSGt didca{@Plrespohsds’ Bae -had Deell %rf&tehOfbroﬁrommlty
aim1l erein said target substrate and said

vasibfitr betiveen saidifist eddiecurrant sesiseicindaidgarggyibstrate.
substantially the sane resistivity responses to
tenperature changes within a tenperature range of

13Nt erpRt methdll oMElbisles wherele SaE rtaiger axtﬁtraMamhsaﬂdilodhbratlon
first set of electrical responses are nmeasured and

substyate alr@r@kcmd \KhlWes%bétag%‘%HYoﬁhecéﬁ%‘éngeé{SPBﬁyfrgﬁl%oé’ls%? to
t?x{n%grg %I gﬁ%ﬂ est Wi hAQ ?rtregxﬁggﬁf[ﬁgt railgé (%etll?&[&tmtﬁlg ﬁlch%des a

&8s o conductrve film forned
tmbéraifre GRNEHIChi Vaid rrﬂtse rsetilof oeleetritalr gpsporsabsire ameasured and

conpri sin means_for nmeasurin using a, first edd
tgmpq_er@hressag idigh s9ed petiob ﬁ‘é‘&p%é?gns%F@rS e& & PB@E“ au bstr th e,

a first set of electrical responses that includes at

| east one of a first voltage nmeasurenent and a first
eurr eAhﬁ aﬁeﬁ@mamfm detemainimgf o first chickness nf asfa‘SUC@@!leé)‘fe film

f
loEpE G TSL AR FBRRALEN ST APURY. SOL B

correqled i hehsuifle, Qbinglasfdt B! curfetit REREE ﬁ(ﬁied id
t enper at ur e- i pend tgnt lggﬁpensaﬁoc# fact or bg?sé near sal

’ tmkgeasubsniat&,ra)ﬁm setced ¢lentreal asespgum tthas tiecladesiad rl@ﬁt one Qfr first

idtar et sadc i on substrate
‘f?it\"?g%ﬁ‘e é&ﬁ%ﬂc"tufr\%t e %e%e?lﬁfed of a second
condugédny @oﬂ'@iﬂ%&h@é sdifdaét df Firsteldesicahtcsprisys sding b sampecature-
said first conductive material of said tar

ﬁmtmap@npmwomm;@ fsreheslepitpd prigrissied It st of clectrical
reshonse. 3aid 4 B(gr t9e e%déﬁcéo%ﬂ)eB R ﬁ%r ‘BE | SfdihéE Bom a
ggigifz %wtiﬂfw ﬁﬁ‘gdl%&;(rjgfg ?ﬁiﬂie Patrge? subs?tlfaltem said :ﬁlebrraetllog substrate
having a second conductive film formed of a second conductive material that is
substantially similar to said first conductive material of said target substrate; and

means for determining said first thickness using said corrected first set of electrical

Iresponses.

15. The arrangement of claim 14 wherein said temperature-dependent
compensation factor is obtained by measuring a second set of electrical responses
from said calibration substrate different from said target substrate, and selecting said
temperature-dependent compensation factor from a known set of compensation
factors, said temperature-dependent compensation factor correlating to said second

set of electrical responses.
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conpensation factor is obtained by nmeasuring a second

set of electrical responses fromsaid calibration

substrate different fromsaid target substrate, and

sel ecting said tenperature-dependent conpensation

factor froma known set of conpensation factors, said

t enper at ur e- dependent conpensation factor correl ating

to said second set of electrical responses. 29 16.

The arrangenment of claim 15 wherein said known set of

1&9 Tﬁ@%ﬁﬂ&@ﬂxeﬁ@&f Ohfin 16MReAARRR HridfvnBses 6f cOhpdiation factors
ifferences in target filmtenperature_variations ..

dosripamsnte Sai d senlof tnawnodiffstenses i targdi filgn fenReaptyes variations

substrate. ..17.. The, arr angenent l.aim 15 wherein

b:?é‘i"??“kﬁarmhﬁ?t“%fsulangBeeﬂ’g{aia}d;tﬁrg% g%l%%gt’r?ét@ i ncl udes an

estimated target filmthickness. 18. The arrangenent

of claim 15 wherein said known set of congensati on
0

FlacThe srrargenicat oHcleinar §exhdrein saish o gef oppompepyation factors

.secqond copduct.i.ve mater|. esponsi ve to changes in

IP@H%%Sraé’t?ﬁ@a&fégg?ﬂ@%ghﬁ%ﬁgésﬁent of claim 15 wherein

said second set of electrical responses representing

an averaging of electrical r sponse,a asured on said i

IBal i bFhet popngesent (i a¢laim di Wherest 53 ngf?or"@}j G ﬂg campgghion
e.dQ1te E £ S 0fdlid sEBShdEomanaRFBR4teRd] responsive

fgﬁlﬁgfsrﬁelfge {\%hpczlragé% 1§ 5?%&{@?90&% 1susbst rate and said P

t6@hikeatn Rmpetddstr ate are sel ected to have

substantially the sanme resistivity responses to

tenperature changes within a tenperature range of

tr9nt erfad aﬁ%x%%mbﬁ‘t%fucqﬁﬁw. 85 wheRREsAd YERnaetdTl eldtts@il desponses

i'rst 'set el ectrical responses are neasured and = .
feprepatapuae svetaging ofi ebairitab aesponsesomsaset 0Bnsdid qaliprgtion

are obtajned. 21. A nethod of .0l a first
Shienoad eiage pauciRs s b I EFPHALP G of °)

first conductive material on a target substrate,
conprising: positioning a first eddy current ugensor d
Mear El draageyesntsefbslamt &5 nwhereini mid tgEgchubsirgie and sai

fi.rst. ed t ot o
%@&%&qg églyﬁtli%ge{ e{rlg %Sllegtgg 35) é?velaseufgét{aﬁttéeggfetg? ngf iké:sgsinrvit? @ésponses
16 Olch @ fatiife A HnBEE Mitham th @erhpdraturec vamgend! interest that includes a

temperature at which said first set of electrical responses are measured and

temperatures at which said set of compensation factors are obtained.

21. A method of determining a first thickness of a first conductive film formed
of a first conductive material on a target substrate, comprising:

positioning a first eddy current sensor near said target substrate;

measuring, using said first eddy current sensor, a first set of electrical
responses that includes at least one of a first voltage measurement and a first current
measurement;

correcting said set of first electrical responses using a temperature-dependent

compensation factor that is determined based on a target substrate temperature at
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measurenent; correcting said set of first electrica
responses using a tenperature-dependent conpensation
factor that is determ ned based on a target substrate
tenperature at 30 which said first set of electrica
responses are obtained, said tenperature-dependent
conpensation factor being obtained froma calibration

substrate different, fromsaid et, substr
F AR, abeersce Raag e Bl SRR fyr<s fpHpen
ﬂgﬁﬁgaut%fx fiiflmsﬁéiﬁg SbeaRdUpdrh \AecaliBiatibh alibsthagd different from said
tanti a

y sinmlar to said first conductive
tm@eesubaﬂratefsamambrmgeubsmhavmgea sachid eprdugiyedilm Fpgmad of

corrected. first set. of el ect

SRR Bl ARl e Ehab I FRIREID S A congpine

rﬁ? tedAl (?f%tald){arﬁét QGbdttat ltheré s POBBAR a E&Tec'fehbﬁm‘asdsto;tf ed)ﬁfctrlcal
alm 21 wherein said second conductive naterial has a

ssossesnandyl |y sinilar resistivity responses to

Ll igng 5% ABieRALY o0l cBHEAEE T st clifica

net h erern sal er at ur e- dependent
@gﬂﬁ@a§at|on factor relates to changes in resistivity
of said second conductive material responsive to
changes in tenperature. 24. The nmethod of claim 22

%er o ltﬁ% S 6F Qi St vﬂfere?ﬁ Qald 5&Bhd BARRAYE Smaterial has a

presen ng an averagi ng 'ectrical responses
sibSantiAy simikaidsis@vitorepboses toulsstpesates dahges as said target
averagi ng reducing errors due to tenperature drifts.

straffre met hod of claim 22 wherein said nmeasuring said
first set of electrical responses and said neasuring
sai d second set of electrical responses are perforned
28si ngTisamdthbi raftclatdy2 @\dmer@msalé dermperatupadeppRdenoRpgnsation

f cl m22v\herens r
Brigtraenio cthagondes i Tart o ARy lethedah iponsive
18&haes 84 RAlpelfade, r esponses are performed using
substantial 'y simlar neasurenent protocols

24.  The method of claim 22 wherein said second set of electrical responses
representing an averaging of electrical responses measured on said calibration

substrate, said averaging reducing errors due to temperature drifts.

25.  The method of claim 22 wherein said measuring said first set of electrical
responses and said measuring said second set of electrical responses are performed

using said first eddy current sensor.

26.  The method of claim 22 wherein said measuring said first set of electrical
responses and said measuring said second set of electrical responses are performed

using substantially similar measurement protocols
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31 27. The nethod of claim 22 wherein said neasuring
sai d second set of electrical responses is per f or med
usi ng a second eddy current sensor different fromsaid
first eddy current sensor. 28. The nmethod of claim22
wherein said determning said first thickness

i ncludes correlating said corrected first set of

ectrical responses- w.th.a set of .thi .
72) orr h&‘tm‘athog 8?9@%‘?5}9"."}’%8 SW@HR%%“%‘? ¢ %f}qg?‘?@% Sely o elgetrical
reoflsdsat Petfodhihdiag 8 sefhdssilddl capkhiientoratiffersubirbmada first

are seleCted to have substantially the sane

addy icsiréntiseysor.esponses to tenperature changes within a
tenperature range of interest that includes a
tenperature at which said first set of electrica

JLSPOfIRE Mol BRasaied2antereire Rpidr détermeinirat sailli st shickness
set of conpensation factors are obtained. 32 :
includes correlating said corrected first set of electrical responses with a set of

thickness correlation curves.

29.  The method of claim 22 wherein said target substrate and said calibration
substrate are selected to have substantially the same resistivity responses to
temperature changes within a temperature range of interest that includes a
temperature at which said first set of electrical responses are measured and

temperatures at which said set of compensation factors are obtained.
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