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[0008] Generally, the electrical response of sensor to the magnetic field (eddy current
perturbations), and hence its accuracy, is affected by the proximity (substrate proximity
response) of the sensor to the substrate. That is, as the exciting probe field is of limited spatial
extent and its magnitude decreases as the position increases from the probe, the overall eddy

current perturbations caused by a second conductor being measured also decrease as the
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proximity, the electrical response on any one sensor may be substantially equal but opposite

value

to the electrical response on the other sensor. Subsequently, averaging together a signal from
each sensor may result in a combined signal that is much less sensitive to the position

(proximity) of the conductive layer to either one of the two sensors, and which subsequently
may be used to better report the desired electrical property of the conductive film (e.g., more

independent of proximity).
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Additionally, the sensor swing arm construction itself may prevent locating the sensors on top

of each other, or interference from one sensor (e.g., cross talk) may prevent the simultaneous
use of both sensors.

[0015] Referring now to FIG. 2, a simplified diagram of a substrate in a mechanism to
rotate it with a sensor arm is shown. In this example, substrate 202 rotates in direction 208, as

sensor swing arm 204 moves sensors 206 across the surface of substrate 202.
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[0018] The invention relates, in another embodiment, to an arrangement for

determining a first thickness of a first conductive layer formed of a first conductive material
on a target substrate, the target substrate further having a second conductive layer formed of a
second conductive material different from the first conductive material. The arrangement
includes an eddy current sensor disposed at a given position relative to the target substrate,
the first eddy current sensor being in a spaced-apart relationship with respect to the target

substrate when the first eddy current sensor is positioned at the given position. The



measurenent and a first current neasurenent, the
measuring the first set of electrical responses being
wpee7oessed at a first target substrate tenper ap@r/ES20061624862
met hod further includes measuring, using the first
eddy current sensor while the first eddy current
' Y& 3£ BRSirich cﬁ‘lése%rfﬁt t of
arang BBl P T Bl RS B Moot o
electricd] respoes beingahdaagred neiag mheefﬁnsmddawdrran’wnmdvmﬂ:rth@ﬁtst eddy
measur.enment,, t measurin con t  of .
currenf Faa s DAt RS AV LG e e SRR 9 gt grgonses being
measubd A tfir§URSt a1bSirdte IS4t TR ko8 hent fuotikt ielulies Bkans for
target substrate tenperature. The method al so |ncludes
Stormgals@anéwmgf electrival igspamsess thegeeandrset off elewr pal raspenies beige
measuged 1%§hn§stthe? St fedg{ gls.r{eﬁl?zs:% %Err \ggl{f% {rlllge gfé}&l edﬁg %Q&%ﬁ%?ﬂgs@?% ﬂolgﬁloned

at the Eio oD gostion, ehcqebid it GﬂEleﬁtflczilhaspﬁ)ngestbemgl’lﬂwstute‘delt hagwend target
the third set of electrical responses represe

substratg dgpmprseiyrediffsreahirom the et arged HRRE FRPERETF Pﬁfgeta%angemem
c
o ERD R LRI APLSEI MRRLR Bk i R
set of Blm‘/fﬂmlll remomsﬁsain&he senomhext hfelegriba desponses, aml afirst temperature
a nt for determ t.hi.ckness
coefiPREH TapLepe g ar Poreb P! Ser U BoR e gning
respoﬂ§E§ ﬁfb‘s@hﬂﬂ[}f AtritaRt to&H@ﬁ%s’i @&ﬁiucﬁ‘l?@la&@* 6ied mebkRSlor éét@rmmlng
further having a second conductive |ayer formed of

the firstébigkuess dioguiheithied seaé€eleetticalirtsponeast fromthe first

onductjve materi The arran .
100198 0t 18 BB S B g 2RO ERRh e F pARRL A R tine o
first tHi€kreBoft Bfi@etorBiubsie 18y fototkd diarfibt adictbemestial oansarget
being in a spaced-apart relationship with respect to
substrgiRethe sargelsubtide father hivéne athenst ¢ g aenAvgtive ker formed of a

seconi &ﬁﬁ%ubémﬁf%ﬁ'af & l%gt &b tgc? ik X@Iﬂiug $d Ha&:ﬁal The method 1nc1udes

earrangenent a so I'ncludes neans or storing a

meassil, efinghreeddyi alladenwf&ﬂmmmsedtmexrfmatesto thesubpirate, at least two sets
el.ectrical res o s be rrlgiasured usmg &ﬂefirsdt

of elegiipg) repPpigiat § Fefi e SHES UL (SPPEIAHY ot L iF gpthod also

includ®§NSOr cAlguiRBSd &1@8@5’;&%&&3@&2&1&&%& BssbbAR? froh@iek at Tefidt two sets
set of electr responses being neasured at a first

of electtap@ecspgth ﬂmatl@et-emeﬁtcase(u pEelecttienl acspan@@n@n tlayretrspweﬁc set of

or storin

S i e e N

layer; l&ﬁﬂ Hgteffﬁﬁ%f&gr 186 tHeliRes @ thd la§ér-Reific Gl sRMctSE@M S Pponses.
while the first eddy current sensor is positioned at

[0020f he g| {Fénsep@élu othes Aecatyrge oE ke prageridnvention Wil tedgsgribed in more

S reg.at.
detalltlia 1Ina gggléecgqengrgﬁtf) fog(’gﬁ?ne %rﬁ | ; s? 1{1 rﬁﬁ{mﬁéﬁ%@{tﬂ t%%:gollowmg
figurekenper ature. The arrangenent aI so includes neans for
calculating a third set of electrical responses using

at least the first
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in which:

[0022] FIG. 1 illustrates a simplified diagram of an eddy current sensor;
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an embadsentatféhe mventeamst two sets of el ectrical responses

t ot | ff.erent targefl..substrate.tenperatures. The.
10026, 1 ocF - Sy eritgn g fRef ot FIREE Wb jandlgiye fim
compri¥ingediee¥didCdtweasERNS 2P dbbie2RC hadsd o0 Mehus&! ocbfding to

el ectrical responses, the |layer-specific set of

an emqdapent of dhe wyeiMses, the | ayer-specific set of

| ect rigals: SEe 3 [N esy es .
R e T S —
substrdtaytean tideichedefor briondurngive fitm istibstdatals cbmprsibh €u, according to an

.ayer-specific set_ of electrical responses. [0020]
emboc{i’ﬁ‘é%‘é)fé]g?jmé’?%mﬁ%t ures of the present invention will

[00280e desgid, b/‘%ﬂu$tfhttﬁgi SmPBhed HiaBBLPYY 4 Aetbg of ﬁétéirhiﬁ%gt%thicimess

description o I nvention and in conjunction
of a fitsheonidottiveiyry ohi agarges subBRItERhOESCRIsEIIGN fOthdiHEving a second

NGS [0021], The present i.nvention is illustrated
condugle (Al oAcC AR io@ AP THEER: 6) g HOR i t at o i n

the figures of the acconmpanying draw ngs and in which
li ke reference nunerals refer to simlar elenents and

i n WHIALEDODESTREPTION GF THiE PRIFERRELR EMBODIMENTS

oosf |29 ol SN Ry BEDERI R EiBeso a o

preferied lefitbaBingentd thbredf SEMSOFate! M thé @&Z)ﬂ’]fpaﬁ‘ﬂfi@g dfaviihfd) 3 fiRBRowing
a ,set of three calibration curves for determning the

descrifting RyagUS spegificririlstary et forfhein asAerdo prmede atherough

' i i i on; I;
unceriRiEhitEe 200 RO R gk YR Rond SRS oo
that thevptelserst inveméiun mayebefpraaticedwithosti sothe @z all @Y thesel sl fiveddmils. In

.about 2 C and about 23 0C across 90 ni nutes, ) )
other igstances, \ﬁé?]lc%own process steps anc%or structures have not been described in detail

in order to not unnecessarily obscure the present invention.

[0030] While not wishing to be bound by theory, it is believed by the inventor herein
that variations in substrate electrical film properties may be compensated for, in order to
optimize sensor electrical response. In an embodiment, a sensor electrical response of a
reference substrate sample at a known temperature may be used to correct the sensor
electrical response of a target substrate at an unknown temperature. In an embodiment, the
conductive layer material of the reference substrate is substantially similar to the conductive

layer material of the target substrate.



an enbodi nent of the invention; [0026] FIG 5
illustrates a sinplified diagramof a substrate with a
w@oovdiesve filmconprising Si, cycled betweenP@bUs1006/024862

21C and about 23 C across 90 minutes, according to an

enbodi nent of the invention; [0027] FIG 6 illustrates
[0031P. Si NP 4 &b iR GOBRAEE Afbst:BTRAA Hethet ARkTiaRNt

to substrate nmean thickness for a conductive film

measumglbmr@m'bsﬂamyalblcsmtpﬂa@nc@u@aengp@mcglsngoq gxagiple, both the reference

nmbodi.nment | nvention 0 I
substeFF A (st T M i g S PR o eyfent messuremen
techmqh% af 8ot 118 samb e ﬁzSarﬂfat abdit fisd saﬁmndeastlfemarﬂt @N&r(g@fﬂnetry)
t ar get substrate e target substrate fu

etc. swéa\/fhﬁgh@n@%dﬁaabé@ @tu\@?w@ rEigycace suhsEaleRnA élrl? @r%‘ﬁ substrate is

N

resistivity tem]xemﬁne cdefficientzed sétrof deasmirbments imayefedaleamca different

empebe e R SUE RS Do Rl R P8 ot Dacsia
ﬁlmt}ﬂaéf‘eléé ption, nunmerous specific details are set forth

in order to provide a thorough under st andi ng of the
[0032pr esenVajinveembatiments awi delscrﬂt@dépmm bﬂpw nslushing methgds and

[ he a at_t L nvent i on Jmy
o35, SEU B Uit R oplahE B Bk sb BBl B
manufdfuad thet inbRded ah&fm%l,&éxt 3Ada8 e m¥dilin doNOMIGh PHVGERE rEikislle
and/ or structures have not been described in deta|I in
instrueficge for qriyitg awh sabedisaanty of tebisrentertpdugpegentored. The

v, [ )
com{RSRR0 el Gy IRLE, P L DB R RY o
magnatRy bpdahns other sathstof abmpeleerhdabiametivontap rsmmmlgtciomutmyeadable

he conmpensated for, in order to optim ze senso

code. dugiher, 't}&;alplv?rgg)ﬁdﬁ@/ea Sq ¢PVERH ARNMA quﬁéq{tpracglcg&%podments of the
1nven§$rE ﬁ%l&:}}l%?garﬁﬁl% RERSACIAe @EB &gk ec[eﬁf&%%d%ﬂﬁ/%fr E)ﬁ;g?arﬁﬁ‘lﬁplleeto%rry out

nperature may be used to corre he sensor
tasks pdradding (Iad:mbc&hmemis ef tfe invantivgeExamples phsuwhappamtus include a

nknown te era enbo e conduct
senerl U BUR Gp PG St or e aRe SRR LR Rt pe paC EPORTALIYS
prograiBed and hal inclsded dahbihionhg a(‘c@HﬁMﬁ‘etrﬁcM nghﬂﬂgi‘deﬁ@d gidi al
of the target substrate.[0031] In an enbodi nent, the

dedicated/prograsemellp Qtrﬁlatseadahféd ¢rdhe *aa:rgms taslip erizipi@gde embodiments of

o nSEBH: S50 UMSLARN L A BaPBABLISIEDL e

progréffable irtait:gah ofel bﬁinb% iategRedddroiita Sorfihretbiongrriyloat the
sanme eddy current neasurenent
computer-implemented techniques disclosed herein. In addition, and in general, for any

calculation using a computer, operands in memory or computer registers are required.
[0033] As previously stated, the electrical response of sensor to the magnetic field
(eddy current perturbations), and hence its accuracy, is affected by the proximity (substrate
proximity response) of the sensor to the substrate. That is, as the exciting probe field is of
limited spatial extent and its magnitude decreases as the position increases from the probe,
the overall eddy current perturbations caused by a second conductor being measured also
decrease as the second conductor is moved further from the probe. Thus, an eddy current

sensor may be sensitive to both proximity and electrical film properties. In general, it is



techni que, at about the sane proximty, and at about
t he sane neasurenent sites (geonetry), etc., such that
w0 b@70e§38T vari abl e between the reference subspPCHUS20861024862
the target substrate is tenperature. In an enbodi nent,
if the substrate has two conductive filns with

dlfﬁcugiﬂ tbli@N4tB thd Sotish bVihk ¥lcteRReednkecARed by BieaRt &f clets@l film
measurements nmay be taken at different tenperatures

propentlns eletenical flm oropestyaespapss) St he porticargidheelgettical response

causeA\)g)?j eI%endi‘{rLS é?cﬁ%e r%fx1 o gﬁ% Jn%?)b&déu o %{ %Jﬁ%%f\%%l& 99R3%hce an

error ih figd regbrig vartdods and t echni ques It should be kept in

m nd that the invention so cover_articles of
l0034han uf abt afditiqn ghe sehef @J@Fé@cai @am&fwr fanpetisuigpeibgiate may
h
tsolf oAb e ORI, AN oo U bR b AAEENA DY he
resistﬁﬁlmeofﬂmapumhrctme fittabTleat i cddynaumment $igied] weheatidnois pemmm e,

sem conduct or, ne l et . i C
propogieRirions SOk oF Bt bVt B SRR eH ety RoieS Bppd hrspecifi
electn@él@éi!xt@ﬁce‘) %&%ﬁll}ﬁln@&gﬁes hE\H rsfrbﬁél atﬂilﬁeﬂlaﬂ ngﬁésleQ B Y of electric

al so cover “apparat uses for rac i cing odi nent s of
current.he lamvesistivisy gesuelly imdisaieas wtfma} thafy cqaddlé apwe thetrgovement of
cated an ra arry out. tasks
eteetrE HER kT, A e Bty Senca BB ano) s
[0035Pf sSucCh gdiesdl adadb sérl36l #6isonse, JE A Bk njvdeRA e adRiguioh@f several
and/ or a dedi cated conmputi ng devi ce when appropriately
key vasiablgsarmed and may include a conbination of a
comput er/ conmput i ng devi ce and dedi cat ed/ progr ammabl e
circuits adapted for the various tasks pertaining to
eR{eyREdL 5,S0b(T e invention. Exanples of sucfEQUATION 1]
apparatus may include appropriate dedicated and/ or
programmbl e circuitry in one or nore integrated

wherecd ﬁ,glf Ei_clﬁxﬁ%s{s Ié(?[gg{engeagut? % éroggrﬁi@? Ak S is8p raﬂgit}ﬁe‘ sepsor serial

numbéldvdmbh @ shfchant ngeAtien abnotfngﬁhéiﬂlylcﬁ@ia¢ déﬁqda’(beuﬁ"iﬂﬁgre@ponse on
mput er, operands in menory or conputer. registers are
all therlefmmiaté@l akpqy@ﬁ@] copxergion i g<ieiectadpeayrbatine obthegprticuar eddy
r
Iy i e
the temperapurodépentignt tssidtsdity aineanpndbodimént, the sporeaint ofeadun@ment unit is

or to the ubstrt That is, as the excit]j
volts §oBesurrige it s é?nsprﬂi%&wssﬁ%?ﬁssllpwéi@réﬂpwgﬁan FPATION 1 may

be furffRO Gt dggcreases as the position increases fromthe
© upr ogie ﬁmﬁe overal | eddy current perturbations caused

by a second conductor being neasured al so
R(-)=R(d, p, p(T)) [EQUATION 2]

Therefore, the thickness d of a conductive film on the substrate may be modeled as:

d = f(R(d, p, p(T))) [EQUATION 3]

[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



decrease as the second conductor is noved further from
the probe. Thus, an eddy current sensor may be
W@ emwsiooi3se to both proximty and el ectrical fiP@T/US2006/024862
properties. In general, it isdifficult to isolate the
portion of the electrical response caused by the set
: L i . . _
oo R R el R RS Al (S ot B bbirdls The it fo
electnica poisteite Bube dihyngen Thetlkeytricslubg sthatyeo farmatenaltiy usually given
b _response), which may subsequently introduce an error
Y in the reported value. [0034] In addition, the set of
electrical filmproperties for a particular substrate
may itself be variable. For exanple, the electrical
respofée of sensor may be affected by the res%ﬁ' Aiﬁmﬂ4]
of“thg conductive film That is, eddy current sk%za
variation is primarily proportional to the inverse of
filmresistivity. Electrical resistivity (also known
) . i fi CL I r i r- i-ndi S .
wher 1B Elehh ool P 80 L QU6 et 9P R Bl B Funitorm
specifigh b tie. maediad \{ieasirsd inwhing),d énthie ddrigyh oMl epdciBeR (measured in
naterial that readily allqQws the novenent of
meters), @gag Poii dhe qgTResrsion é’éﬁ%’% fhe spgeimen Ameasuihig sgpqsg meters).
(0037 PN ANk L EIRRAG'cH: Ghso bOUSMed!y; general . each
ensor response, R, "can be nodeled as a function of
several key variables R(-) =R(d,p, S, p(T)) [EQUATION 1]
where_.d is filmthickness to be neasured, p is
prexdmity and S is generally the sensor seriaqugnppﬁnqs]
whi ch/is a short hand notation denoting the functiona
dependence of the response on all the informtion
about the conversion of the detected perturbation of
wheré R8s BRmhdghithdd oflhe ¥l fRIM (RERRRAISn Fbd Ser¥etéd)@nd T is the
measured filmjinto a conveni ent neasurenent unit, and

magniudy of e chigentslepeyAhinasurad peardedies pes SR wetsy). 1 n an

nbodi . j . it | 1.
003150, T 5, B s IFAR STl 3,10 St

substesd fealperird €¢alibRQdA TEEDErdtuis Yolodetdritihihg thesthighhédsiofd conductive
to: R(-) =R(d, p,p(T)). [EQUATION 2] Therefore, the . i
layer (if-ckiheds) QR HFULSIEHY SRy acqording honermbadimentaldhginyention.
. i@ =f( nf : ; .
e AP by S R g LA B o 90 s
showe llectaltagatespase §VaBeR)s mmeasgeddryahd yddyncireat shsdwoin this example,
electric

. Strongly a materigl opposes, the .fl ow of.
a hlgﬁ%g?@gﬁe VR“T“%W?%@?@% 44 %@EHBPQWV- Chlib@pBeuses may also be
creatdBfoR HleambeRAkpJs8 3HH e RlshOWE vhIiSa RYRABAL, OF., by offsetting each

el ectrons. The SI unit for

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 = Rl(d,p]) + Ru(d,pn) = R](d, pI) + Sp‘dRI/ dp + Rn(d, pn) - & 'dRH/ dp [EQUATION 6]

10



el ectrical resistivity is the ohmneter. The
electrical resistivity of a material is usually given
Wb 007/0#5387 [ EQUATI ON 4] where p is the el ectriP@l/US2006/024862

resistivity (nmeasured in ohmneters), Ris the
resi stance of a uniform speci nen of the materi al

wherd FRGS YhEpkok @ Aratiod fiont gt tiRAGHR] Bhe L theSRESUFR TRt for sensor
(nmeasured in neters), and Ais the cross-sectional o

I, themdufgrriie from thpBxedeaonehy bstvasd sprsos §ad senseitldr-g) is the proximity

v SPAOR LRl 3} B e AL SRR A B

meas@e@eht frémfsemdod I1 israse s@ehliafeatlyt FopguirpoRt of Jhidehmblé,She sensor
t he nagnitude of the current density (nmeasured in

serial rbees ihessugdiin e the fapg lorposmorenkid aikp HathoE gonsidered for
: o Of C gl | i

PRt 8Bl 1 R B BAHRER, Bl in o, ot

electricahplerattaristies fuph ad etieentiomyrize ushé ag Weltkness of a

100400 TRl sortig ek Eisctn:hishe Sl eRuRe hirahthes ft treir
nomidd) ProsSnlitly FaH, pA¥* FY A DTSk BER STn3 R4t TR BN @ beReasonably done
Angst r ons (A)p, white the horizontal axis shows the

mechgwiFalliops mesisoad belpw)or3uth seosaraigpendet doyreldtionddagfions. In addition,

current sensaqy.. l.n this exanmpl a.hi r response .
the re§iE ipsEERT PPl stroh SRRy i iohdEe- ORI Hocsien
respofisd) Vel sdBgutbs @ Bethe ket &tmhaditddb eSiReqiehtly RIS RlpWvhItated at p;
&
response vol tage decreasing, e.g., by offsettin

th )
cqualg 4R/ dp eYBEAIA SpBIH 0o PICKBIH gonenderts i imERI A ZHAN 6 cancel
out atBARRR BrGeihit BUSHEAT bt R e P AL TEBRE with the film

thickisslistrat e tenperature, the reported eddy current

004115 Por T o chySHRAE A b SOAET e PR SSe  pe snsors
e A
halfwazn betateen thefim. Ghbpéquantlyt, e flot way h.a‘i'erme e{ﬁmt heminal proximity to both
sense AT g3 o B e R B L B (g shovn

tobethe proximty variation fromppat the actual tine of

the nmeasurenent for sensor Il if and only if the
nmeasur enent from sensor Il is made sinultaneously. For
p%pg§§%d)o4t0t hi s exanpl e, the sensor [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:

2V = RI(d,pI) + g dRI/dp + Ru(d,pn) - & dRy/ dp =
1.5V +2V/mm * 0.1mm + 1.5V - 2V/nm * 0.1mm =3V [EQUATION 8]

[0042] Thus in an ideal simultaneous measurement situation this method yields about

0% in proximity error or typically about 36<0.03V. It should be clear that these analyses may

be carried out with appropriate changes in weighting proportion between the two sensors in

11



serial nunmber S is assuned to be the same for all

sensors, only d and p will be considered for purposes
wo@toories3sal cul ations. In addition, although thECT/US2006/024862

responses are shown in voltage, other electrical

characteristics such as current may be used as wel|.

the su{ngg $er ﬁférﬁufee&ﬁ%lisaﬁﬁﬁ% ARSHIBLLt ?%ﬁ&mﬁy SHIRIARRS %J‘%Hdlé mote

entical response at t err nom proximty R
than tRf eryspis, bus the fumdementkinmepertibsdgeerdediremaint hi s can be

o0ss] 75 o8Bk oRTER B el af PoREPL RBLFRGR fihOLattration
tempergle LFRRxatPR, & @@&%&%r@%may Ydduitre iRt tIROSUDBABD SO hSattPto a
proximty variation (e.g., proximty electrical

temperaserp @n@é@ntnaﬁy abevs the s&lrké@mndemeenahﬁe sSalheequantﬂmgymtmg der the
sub str%\%/ gcl) C g)tf gn J’ustdto talgeoat i ey 3}“ &gas%gen?etntsp 'magrqg fﬁn%ﬁgétgﬁlally

e proxim

decreds€dpybliaddion tﬁﬁimgﬁbutOwaaM ﬂ@fr@\ﬂradﬁe anagradecitht yinderlying resistivity
i ndependent nEasur emrent. whi ch can be correlated with
of a cqridictiyel fHm, AR Reres wtfepls dherpeasired PAdHEBAPHERTON NI s may

[0044Ee ac CRQI% r@ﬁcﬂv P&’F}@ NG sﬂnepﬁﬂqed(aﬁ o?tg sé@s@n%%’ \§it}9£1 conductive

ubst ant i al the same’typ enc
film cmapﬁmngrﬁnpegclwhbtwmmgt ire amxitmbbub%e" adrbwﬂ_,OOhnimmn

em Su uent the fi ane nom na
accordipie 1 g b B s gption. ThORUIQRIY ati) d08 Freg B e in
minuté£ X8 efthRfd SérBAll afxis&ﬂ)zf §én?sdsuﬁ?c?a%’fe%fﬁ%%tm‘é"=iﬂ d@grees (°0),
shown to be: 2V 2R [E QUATI ON 7] "whi c

while rightelpmddierticabxis A8 repmsems mm@m&m fiken itbci@ess n aa\gstroms (A)

reporti, Rl 069 GBSy Plot B 1St PRREC i iyl ol
tempe?a‘tﬁx@lo@lgh FHolt the@DO ﬂﬁh‘(edﬂteﬂVaRM}ﬂLe?ﬂat 4-'10%‘[10W§i e/ déprespondmg
1.5V + 2V/nm* 0. nm + 5V - lmm = 3

changp EibaTeROKied |copdsiyp T dkicknesamepged b}éthﬁ@dtiraﬁm system. In this
cxam(E S RIEpELHEL AR TP A0S 8L 05 st Rl 40

movebm cmledméctidmﬁndrémm cﬁl’dﬁbl}tﬁﬂ%ﬁg Ihieeycopesieudingesbndudtinel filln thickness

appr |a e changes in_wei ghting proportion between
(as maeRureq QT FPRRSeA TR PSR eIRPopse dhediion. Tor example, at

about ?2@@%%@%9& tRf stftﬂﬁat(e %éﬁ%&%r&% Qs Y5 8Lo8T RfhilRfihd fbrrespondlng

sSors t he fundament
conduptimoiélm tlmkndms abctdeSBé lz%ai[—}mwepelo ﬁ:ﬁbohbﬁ\%nmutes, thersabstrate

tempeginegs 4R A2n Db P BiERE CorRm B P 0 Ve Sy P Eaess i about

71.68 0ocess may require that the substrate be heated to a

[0045] Referring now to FIG. 5, a simplified diagram of a substrate with a conductive
film comprising Si, cycled between about 21°C and about 23 °C across 200 minutes,
according to an embodiment of the invention. The horizontal axis 506 represents time in
minutes, the left-hand vertical axis 502 represents substrate temperature in degrees (°C),
while right-hand vertical axis 504 represents conductive film thickness in angstroms (A). Plot
508 represents change in substrate temperature over about the 200 minute interval, while plot
510 shows the corresponding change in measured conductive film thickness. In this example,
Si has a temperature coefficient (o) of -0.011/degC. As substrate temperature 508 moves in

one direction, increasing or decreasing, the corresponding conductive film thickness (as
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tenperature substantially above the calibration
tenperature. Subsequently waiting for the substrate to
W@oml/00f38h, just to take a set of neasuremnment SPCTHS2006/024862
result in substantially decreased production
t hroughput. However, tenperature may affect the
' E§ohyd i HoLsie i, For ebad1E e Sbout
e R D e For S =
60 mirRedsep t2)nthersobstrate ©mBerafyre & ahonp? .63 &Q, whide)ibawruespanding

substrate.with C tg film LS| C
conduiir Bt RN 5 ob frisrene QRRLEE it Eket
tempeRGi0 isHbddt 22 12PC ShiRsiihaRBtrespbnding comdueiivé filin thibleness is about

hori zontal axis 406 represents tine in mnutes, the
13.1 A eft-hand vertical axis 402 represents substrate

enper re. | legl e )i WU ' - V, ' :
100461, 70 STy G e ke i s PARPAIARACE AXEililing
chang@figsinpermeiré Ar a gpar metdribyastsbomeeiichn temperenire sapgt ghen a change in

Pl ot 408 represents change in substrate and film.,
the resistiys o GPaduslizs laysben A PRRSUBIS Uf P RATER C PR N Pl

.respondi ng change in the
tempe?%‘g%ﬁﬂégr% nduc??e\q/g&%l m t hi ckness neasured by the

eddy current system In this exanple, Cu has a

tenperature_coeffici (a) of 0.0035/degC.
s tats A “Tﬁ%’fzﬂ&% noves in one di recﬁ?%H,ATIONﬂ

i ncreasi ng or decreasing, the correspondi ng conductive

filmthickness (as neasured by eddy current response)
Wheregﬁ)(‘ﬁﬁis it feBistiGippRSIHnen@tcr €6t the bonduotiveeiianpl the calibratimut

O mnutes (412), .the substrate tenperature is aboug

tempegafurs gcatibratin resisthatyd.drip hgdemasiatire dnasian Qfdhs farggt substrate from

iy | st P Suctive film i
e GRSt R0l U Sty ARENE oSy i
degC Whiybizal Veduesafioespaiotd Cogboand.a30 e abait 1 Q0GB cleg@d sfor 8i about -

about 21.68 A, [Q045] Referring nowto FIG .5, a i
0.07 tg bt ¢ Db degly agha rrbpe IpokEd up PREre PSS g I g or mos
materfak'd?iﬁ't@fggfi sing Si, cycled between about 2 10C and

about 23 C across 200 mi nutes, according to an )
[0047embodi Bebdequéntiyhorireladvely emall Thenghomi tempeaturaxhe resolging change

. represents. ti.nme.jn.mnutes he .| eft.-hand vertical.
i the pPata 3ol S Al et Py b Sl PEeali b lina to he
measur8desishity sg_rnp,qdm-shsn%tm@_tiweaéebafmogo@i@ﬁalrts he&RbESion
~conductive filmthickness in angstrons (A). Plot 508
resistivgp pelspnikuss BRGETION Sumast beafugtheraipplifiedizse over about
the 200 mnute interval, while plot 510 shows the
correspondi ng change in measured conductive film
thicknggs, In this exanple, Si has a tenperature
cabfficrentf (R@),, pfPT0)01 1/ degC. As substrat ¢EQUATION 10]
t enpeffatut e 508 noves in

where, d,, is the conductive film thickness derived from the eddy current response
measurement, ds is the actual conductive film thickness, T is the calibration temperature, Tr,
is the substrate temperature of the measured eddy current response of interest (measurement
temperature), f{R(d,, p, p(To)) is the conductive film thickness at the calibration temperature

T, p is the sensor proximity to the conductive film, p(T¢) is resistivity of the conductive film
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one direction, increasing or decreasing, the
correspondi ng conductive filmthickness (asneasured by
W@ day/0e38T ent response) noves in the opposite PCT/US2006/024862
direction. For exanple, at about 60 m nutes (512), the
substrate tenperature is about 21.63 C, while the
at the @é’l'iﬂr@tf&f)t@g!p@&t&@ Ad g&ql'bi/a%iofl irdob Ry ¢ ?(}pms)qs félsﬁbﬁ&" bt th cdrductive
A However, at abd m nut es, e Substrate
film at ‘énpmaammmni smpbatitre 12, (ma@eMSls‘rewtyl)e cor r espondi ng
onduc fil [ 0046]
(0048500 cequlieyng FOPRITBRES RO FRRPA 16 £ 1
proportional to a corresponding change in tenperature
for a %&ven mat eri al as sone given tenperature range,
n_ ER{hamge(Tadt he /(8s) stivity of a CondUCt'Vﬁ%hEX?ﬂlel]

o "'a synshiALe Jue ho. gaehange tenperature in t
tenperature rafge may be nodeled as: p {Tc + T) = p(T

c)(l+a(t - Tc)) [EQUATION 9] where p (Tc) is the

resistivity in ohmneters of the conductive filma
[0049] po. caMPBFAEERH B Sfbab &F HFe) is &g CRATHEO; ﬂree@néwtwetfglsn on the

i evi gt
substx’?te a%tﬂe%h%ﬁl | @Eé}% Snu%é){ ‘"gr gfﬁ? 25 th fi’{?‘i&q{% (SHRAAL B tween
the catibrapien &nusesatoreedfnkli the '&n’tpefabmre tahwhmbnhimeddy\mrﬂeni wad measured, and

f f t +0.00
o.is ﬂteagra%a&ur%g@%@%e@?@@%? Sagyeles TG ent 5 FGya sBaldghDy’ product
(e.g., %9 cglEQ@g@Iowmc&@& ﬁ@theps@llﬁgﬁﬁwatoor measured as
described below for nost matéerials of interest [0047]
Subsequently, for relatively small changes in

t erat ur th i.ng.change in the neasured
_f_fg@lmm Muﬁrﬁ@é&wﬂ) su}ag{( WET al 'y [EQUATION 12]
(bt A€ (ly- gABpor t i dndATY t he neasured resistivity

p(Tm), and substantially inversely proportional to the
calibration resistivity p(Tc) . Thus, EQUATION 3 nay
e fur

[0050?> tSﬁl%eqﬁ xmé)] kb @ @g&i%uﬁfégz ﬁr\t/@b%foﬁ?n):%%slkggﬁgé%ﬁm may be

ddndﬁékae&mhpbnﬁth@oe@dwvcﬁmn@nnmnssbﬁﬂéeaqsasﬂmsnnnfdxwa04%)

of the&cc)ltla 1%1%% 1(3: ta%:%%lgﬁfgg é‘ﬁéﬁt@n ir] m t al ci)(lgg%iibp g%eélisurecti independently
of sers@MRBXAIHY & T ekiBpIREROMINEE) \%ﬁﬁo@&hﬁﬁﬁé ca(rf%é]l’&ﬁ&ﬂ b?ftc)echmques

i nterest (neasurenent” tenperature), f(R(d a,
such gsgisinigen ssbafipaitedisensors of substenindly shasameiape and }maémg@hﬁ substrate

erature Tc nsor proximty to the
nalff FGREN it BS pftvicheh e GRAION PTOX TV AY 10
[0051% onducth ¥ einbbdi@ient, A8 ettridal REpRe bEARSERAH Ribdiate at a known

calibration resistiv ty), p(1 m is resistivity of the
tempesHEe BRY beused to correct the électrical 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(T¢)/ p(Ty,) for the target substrate may be
determined by combining EQUATION 3 and EQUATION 10 as follows:

Aoy = F(R(dos P, p(T))) [EQUATION 13]
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filmat the measurenent tenperature Tn(neasured
resistivity). [0048] Substituting EQUATION 9 into
WEQOADIBBY 10: d ( )) = /(*.) [EQUATION 11] '" P¥ET/HSH0¢/024862

- Tc)) (I + aAT) [0049] where, f(R(d, p, p(Tc))) or

f(Rc) is the thickness of the conductive filmon the

substrate at the calip(@yion tenperature, t - Tc or DT

i €ntheE BiAPeporda)) deay ure bet ween t he[EQUATION 14]

calibration tenperatu? mand the tenperature at which

the eddy current was neasured, and ais the tenperature

coefficient for the conductive filmin degC . For a
wheresdwal; Is tha DEpsyped carctuctiee fijlm thickss daGhATfGRhdelsubatnatb et the
calibrgtffl);lzt%g{}q_g‘rl_ufr% lwgfi%}erig )gtegérfll?}g equ(ak’glo)ttgle ?&PQ@IQ\Q@% f}iljna}‘.ﬁl-gk&ess da,
and d.[,J9ORE nRabSeaYERUCYve SR kHicIBREY o the HEBfenBE SRR L B2S

caused by tenperature may be detected. For exanple,
measufesper tegepresaiute; \pe 1) iis tre cemssivits ofl thefreference sylwsiraterdy she ahibration

% of the total .my.be neasured. In
tempefi® TP dhe Bty e Hr Bl B e e Ry o kasred
tempetange Mg ndarhbliyaled seansdalpsiadiafid te Pesishotty ©X ei¥Rh@et substrate at

proximty variations may be cancelled out by
the saipg RIS, such as using a set of paired sensors of
005218 ubst agty SATE o Is fﬂ@ e
[ ]ﬁal f way %g‘i{%gg’mt%ﬁem fsrg%?%@? g‘ﬁgss%gdgg%él e%ft%fx%&%&]
substahimlrsimithodidyentrentanseneciyd wedet sdspansthent change in the
ref erence bstrate at a known tenperature may be used
refererieg e HmanicRisst Prisien p aisHes oK TeasHfegispt temperature
(auto PRhEALR faltod hay BeNRUN 1 &IRE! Ak ‘éﬂﬁr cutRak résgonsfe%rfﬂ?e target
reference subStrate and a target substrate at a
substraie biduanEQHINTION M may bbuewnitkdoreswn t enper at ur e, but
whi ch have substantially the sanme resistivity response
to a tenperature change, and a set of set of

cal i bratjopp)curves for the reference substrate at a
metar =11 p (T° ) S(R(d, p)) [EQUATION 15]

where, 1 is an auto compensation factor de.ref/dm-rer, de-rer is the measured conductive film
thickness on the reference substrate at the calibration temperature, dp.ret is the measured
conductive film thickness on the reference substrate at the measurement temperature, p(Ty) is
the resistivity of the reference substrate at the calibration temperature T, and p(Ty,) is the
resistivity of the reference substrate at a measured temperature Tp, 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:

dory p(T.)
dpr ==L L £ (R(,
o =g p(T,,,)f (R(d, p)) [EQUATION 16]

[0053] Substituting EQUATION 14 into EQUATION 16:
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known tenperature, the resistivity correction p(Tc)/
p(Tm for the target substrate may be determ ned by

wa@ oovhioni3sy EQUATI ON 3 and EQUATI ON 10 as f ol | oneT/U82006/024862
,ef f{R(d a ,p,p(T c ))) [EQUATION 13]dmref [EQUATI ON
14] where, dc-ref is the neasured conductive film
t hi cknesjs on th )eference substrate at the

cad ¥ (R@, ph £6R(d pYener al |y HQAIATION 17]
t he adct\tal-en diétive film thickness da, and dmref is
t he WT,,?)O' onductive filmthickness on the

reference subStrate at the neasurenent tenperature,
p(T c) is the resistivity of the reference substrate
at the calibration tenperature TO, and p(Tnm), is the

[0054] o5 st 1y PR gmbpdimeat. defre PETRE Setermmes ?L&asaatstmaa/ beameaspeed by an
eddy &ﬁmf gcgﬁsg{ %};trﬂy) aﬁgbﬁﬂg b@@le%gées%g&ﬁé Iy efﬂgggrl%netng it

t'af get substrate at
of thetrefepmcatsubs_&ate[rﬁ%ﬁ@ mSasnseichieat ¢ddy cassuindengr afteexfneatsaring dmetar of

strate i confi d.tq hav bstanti al |
the ‘fagﬁeﬁfl?b ﬁafs&a CAVErS %@f ﬁ@é’ﬁg‘i{ i@ﬁ%{ fﬂaﬁ&&a%@gﬁs ay be used to
mlmntnas er@rs Gha 'ﬂgt%rﬂﬂérattﬁ}% d&@tfs %ﬁﬁﬂg ﬁlesgﬂ@lﬁ&hlo\fﬁuﬁ n}gmtarget sites on the
hi ckness between a cali bration and neasure
substnaam%erlaﬁwnesly slateyl, echivegesertal, areasured orndugtive filn tigelahesis related

o ol e TR By Ll s
changihig, argobd Bﬁﬁoxﬂﬂa)tlohm-rﬂe@brké]suwﬂﬁﬁfe%onhudtﬁfeiiﬂnﬁﬂfcﬁness dmn-ref, at

conpensation factor dc-ref/dmref5 do-ref is

least foi puipears of otrdedatiopemiay bendey egidiyeassraging hém- reetaéﬁ@h@f@re the
h
measSHIRH 0 o Mo RaE A OE T T A PRESALGE Sl st .
smalllefdmgepecio fimbsrGt eonductiveeilmphilneRedt i pinteimat ueletive to one or
% %%s is the resjstivity_ of the reference substrate
more g 51{1

ne3f f BVAR PO OB seiubttiate tothe measirsd Tmy is the
esi st I
05515515 ok Kl ] BR8E8 AYRBHEALR 7 ARATH e vt
a plumhiy afeshductive fiyme epsbd emyebeaktesmived. iln gEAUATH BNadified eddy
f(R(d is.,a function of conductive filmthicknes
curtets o o B R eGSR Rt P B! A LROP A s on
that sﬁ‘bstx@f@ liadwevel, BN d: ONcdRiucli BOBRBLs, Sxpsit b.‘HifF@erﬁ%Hv%‘ p with
i nto EQUATI ON 16:d [ EQUATION 17] [0054] In an
reSpe@trm @ﬁﬁmmatttlre d m@ﬁlaofvortduetlveeﬁlm eddafecmb‘snesme may beasolated by
rrent se

meas R B Bi® P e BE e s e s e

numbeihdff @hductive films on the substrate. In practice the behavior of the film stack to

small changes in AT can be described by an effective temperature coefficient oieg. The same
auto compensation factor approach may then be used since it does not depend on the
knowledge of the numerical value of the temperature coefficient, but only that the reference
sample behave like the target wafer.

[0056] Referring now to FIG. 6, a simplified diagram comparing temperature
coefficient o to substrate mean thickness for a conductive film substantially comprising Cu,
according to one embodiment of the invention. The horizontal axis 606 shows the measured
substrate mean conductive film thickness in Angstroms (A). Left vertical axis 602 shows

effective temperature coefficient (o) of the substrate with film stack. The horizontal line 610
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of the reference substrate nmay be neasured by an eddy

current sensor after neasuring dmtar of the target
wQaiw3nes8E or the average of the before and afPEF/US2006/024862

dmref neasurenents may be used to mnimze errors due

to tenperature drifts during neasurenment of nultiple

showd e @ikl {&8e 6NthHchemperbskd &eficidf 0N003%/REE!f¥r StatrBeurve 612
and in general, neasured conductive filmthickness is

shows thp yeraationgn eEpetinetalrha for fhesubsiste with film sfaskhJRight vertical axis 604
showsgfg&%&&m&%%aﬁ’@ﬁ ify ih 6o GOREL AL Uit RV SRR T ey current

appr oxi mati e re ence g
reported tidclaicssmepéatdbilityluandedesscotieeti@f of, 2-81C Vadsionfi®Foom temperature.
may be derived by averaging a

oses of cal cul ation
Thwlgﬁ¥$é?“?hﬁéh°%%P%P@nfH@ﬁﬁggsurenent of dmtar, to a
[0057¢im 1 ef 1{ akRm) afoSE a cbﬁalﬁ @lu@%‘l’cg ggﬁ{éteddgl Iaﬁrrélﬁ r&dpolseSdue to that

substrate is a smal|l |anding pa known
targetddmdooeises (.4 Iarﬂltmmcctqmésetlvteifdm); the pﬁSQtIVﬁdiﬂB]jera'Eli'ﬁi(tGeﬂﬁiClent (o)

o i8S TR §u B2, 35 RARE 8 A SR o

that cédtuehnesisn, Ghown bayel HE&RA d&ﬁy h‘t‘ﬁaﬁxl'ellﬂrﬁéll ﬁuﬁB&Sdfrr@fe%nce
with a plurallty of conductive filns may be nay be

samplggmay Be reired fo epdibegia fhe ealdvmargmté@spéﬂwo @umeasnted conductive film
thlckl{e&s pﬂ{é %tu%ﬂ%l\?fgﬁ#{bo%%% {:élt \E)ﬁeﬁéigqe\%ﬂf ge%eﬁﬁlgrd% 8 tdg 1 tgfa g}’emsmn of

nses O con

the terh-lpmm corfipamsatidedesizéd, @ mallek itvethfdich €88 rarg@ T thid ﬁa'fgeﬁconductive
ifferent resistivity p with respect to tenperature,
film. Fpgrepppleathe SoRprRgire @ mpanstisadyr eappeiinsy ]ééspt@ﬁ%’e“w at6l4,

may HR&uits Shall 8k 9&1&@??? ok while f@lg&) &Eﬁlﬁ h¥erGHE] €

response at n ent "t enper at ere n'1s
mgmfmamibmpr@ferrmohdmtd be ebthinkdsvithra rﬂh@e s&fhshceaﬂampldz with copper

. ra_ct ce the of . t he m stack to snmal |
thickeBf2R S Gk B FEARYA dnedilct i ot i nauosssie cpiryion coeffcient
withird @RS B hUABe OBl &ice RimpRE fnay_BQ %a§éﬂr@1 B EQimate of the target film
conpensati on factor approach may then be used since |§

thicknggreisomdhe wspuneted first mecartronkeld 96 theftanghiefimuner i cal

al ue qof rature oeff C but Ly tha
10058} P 7 o P Es SAREY Elidhioischif Aersdysa Bl pifeht response
ona s[lwféfd inBef@rthé Bgerogme t&p&ls% ofall eorsiubmld fillnBhrtth&H B ate.
aring tenperature coefficient ato substrate nean

Howey s KR eSS o omactis iUt 3apk Wit and arsst semisiuity § with respect to
tempe?eﬁ{ﬁ%r 5 ?érﬁgu (X RAGERT A w?&ﬁxcﬁgggﬁrgpp%%sgﬁn% e 1sotle{%gd by Hleasurlng

nvent ori zon neasu

the aggtdgaﬁf:reddﬁ cchﬁm r€PONECt Irl\tﬁffél‘ehﬂtbﬁlbe&t(m% $vhiefe rPﬁgﬁé fil@hber of
' shows effective

COHd“(gTéA?ﬁ‘bfé e E{b%%alec%i%? cqueycibre fins haye different twlﬂpfﬁam m
s T S IS0 8.

measur@mmé cgused é)lmh\ﬁermieﬁlmr Fat ammpilm astbstatd wigh a*zqi) b@ndhomve films
(ie., éut] %i,se%lc. thn£1}{;l & mvgagu%é at twoscﬁﬁ" rent tem%gltatu\fgsr tll’ll 8%61 t%xslu stglg)tffally
isolate and thus determine the eddy current response attributed to one of the conductive films.
[0059] Subsequently, at any given temperature T, a substrate with two conductive

films may be modeled as:

V=R(dcr15 P> Perm L))+ BR(A 4 cry s D Py (T,)) [EQUATION 18]
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shows reduction in 3s variability in Angstroms (A).
That is, the inprovenent in eddy current reported
w0 bdocka38s repeatability caused by correcti on PET/RSB0QQ4862

variation in roomtenperature. This inprovenent is

shown as point plots 608. [0057] In general, above a

certain threshold, as the eddy current response due to

that target filmincreases (e.g. a thicker conductive
wherefdislop) is thehected] tlgckriessof @ﬁapmcmductevecfdaf ¢1 thegeiferapay s@fstrate, da.cr

TR T e -
proxuﬁﬂB}OW\:hQ)toxftﬂethwé'lﬁﬁﬁ %cplqg‘b ¥ r@sibt@igtdfved Sirst bedductiviiie aof

reference sanpl es e required to calibrate the

tempeeediaty To erré R 1Srfé%§ib’rllfé’é>f the sgconsbeanduciivedienpttthefemperagyre T, Bis a
conduEtW/ ﬂ(ﬂfﬁﬁckég&ed gﬁdje?l ﬁﬁgg@g 2 P gccggﬁ ?ﬁfﬁﬁﬁu 873 W elffects

een i'sion o tenperature

such a8 @B@elh&&tdopp\erd}bmmadxg thstenletat@s behevidunckinabsrat@ragahown in
targ conductive film For exanple t he

the pr% gen and Yripe T YSPONSBHHERIS i | s | ess t han

0 Bliivft APON A R0 BRI ATRIN 180ul d be
“’6°T noregu whi ﬂné‘ F@ycopper ; ajﬂ'reater t han ~4000A
significant inprovenent coul d be obtained with a
SI ngle r ference sa e W th copper thickness in the
é’_a@ I) ectl on of the appro @JtAﬁ“ION19
PEQ ]
corre:%pll(ﬁ,r) coe?flp@héﬂt) W thin the small nunber of
ref erence sanples may be based on the estinmate of the
target filmthickness fromthe uncorrected first
where ERSHOEIRNE Rl ol Bk bithe il i BBy T i the
calibrgtionr temberaas®qRs ) tyresistbuitysifithd Brst omldudiee ﬁ]lfm p@ggy sgagigtivity of

responses. of _all conductive filns on that bst te
the SepgEAPBRUCHS il Becr ot e s BHITEPETSSPOTIFE O Wanrugtive fim at
[
the cagg{aillsféﬁ?ﬁ dRRSRI Z'isyth?i ?Mrg @gﬁ%%ﬁﬁgns% Af HRRESAL d¥nBuctBe film

r conduétive rent response nay
at the baahbrsmxbralteaqbetayuraﬁaswrdongucttive ﬁﬂllglghiebmse delmhﬂrylemuaﬁ@,rmd V is eddy

currer GBRR<gR SElmabie B SR PHEORI R0 SORLERSY Bl 1y 4fien

tempesRRRUHetd Fe fgbﬁéf&ﬂ;h@vcequnt)(wﬁg emtcpmﬂnm at.ur e
coefficients, thi's know e (gf be usecf

[00614i f f er Eotienek if the agaregdtond cquh‘:et wapnpse of a émhstrate with two

condugﬁB fl {nﬁnlg ng%n?cr% }? ﬁ}gea n dluf L st %[q:%v fcfﬁﬁg{%htt %J@e the ed%y current

respo@e®f hn iRl vid@alrdasutied fitd marpbsﬂde&érﬁﬁ@m Rog léﬁﬁhpl%yEQSJ,ATION 19
in order to substantially isolate and thus deterni ne

may bee-vagipp fettrergeresipuidy cugertnenstisments s ahfwe diferent

ive filnms. [0059] Subsequently, at any given
tempe?&ﬂn%g%éture T, a substrate with two conductive

Vi=BR, cp+C LR cpa [EQUATION 20]
Vy=ByRo cm +CoBRo e [EQUATION 21]

where, B1 = pcri(Teo) pcri(T1), B2 = pcri(Te) peri(T2), Ci = per(Te) pera(Th), Co=
pcra(Te) pera(T2).
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films may be nodeled as: V =R(d ACF ,p, p CFl (T 111
)) + bR(d ACF2 ,p ,p CF2 (T 111 )) [ EQUATI ON 18] where
w@Rpozpod3sT s the actual thickness of a first coPdIUs100€024862
filmon the reference substrate, CA-CF2 is the actual
t hi ckness of a second conductive filmon the reference
[0062" S U bst f@st &)mxﬁoﬁ@ uhB& 588 HPthe REORQUIATION 20 hfd EQUNIUN21 can
(T)"is resistivity of the first conductive
beﬁ;rt]ﬁerlsnnpitﬁealusmgﬁuaa‘terfs&uh pcF2 (T) is resistivity of
t he second conductive filmat the tenperature T, b is
a conductive filmthickness dependent ratio (e.g., to
accountgf onductive film3-d effects such as very
t hi ck a‘ pp&{dom’ nating the tenperature behavior on Si

substr Ves (35 slidvh wga-l}m previous figure), '

dyn r egggn Idﬂ sponsepiAyvol ts. [0060] Subst[rEm?A}\{Iéﬂﬁzz]
EQJATIC%@r igt 18, V = [ EQUATI ON 19] where
Tmis t|B erature at whi ch the eddy current

response is neasured, Tc is the calibration
tenperature, pcFi () is resistivity of the first

conduct i fl!?’ m pcF2 () is resistivity of the second
conductlpé film R CCFl is the eddy current response
of the f WzstB onc(la’lo?tzl—vlézli) I mat the calibrat

téﬁapemat g% [ s eddy current respm’e]AgONB]
t he seco d co dut]i\?e at the calibration

t enper at is a conduct ive filmthickness

dependent rat| o, and V is eddy current response in
volts. Thus, for a substrate with two conductive filns
[ooss]at a ngf%{énIoﬁaﬂ%fo@t i Lequb ey EanMerufBaesiaplifled #Mhe case in which
unknowns, R C-CFl and bRc-cF2. [0061] However, if the
one ofalg@w@gamereefcmypam@ mémurfrl@@ﬁwé@ke@fat thecoabibragian genppergiure. For
uct ns._iS r
examytd P PP Ao ot S BE0Y F Lo S TENTH afRQuaTION
21 canoge@wrluadayfﬁ@ajs conductive fi I m may be determ ned.
For exanple, EQUATION 19 may be re-written for two
aggregate eddy current neasurenents taken at two

diff grent nperatures as: Vx BxRc_CFl +C bRc 4
(R BRI Y ATION 24]

Vy,=ByRo ey +CLBR, cry [EQUATION 25]

where, By = peri(Te) peri(T2)=(1+acpnAT,) ", and C, = pepa(Teo)/ pora(T2) =(1+acpATy) .
[0064] Again, as commonly understood in the art, EQUATION 24 and EQUATION

25 can be further simplified using Cramer’s Rule:

o1
G| _ WG -7)
= = EQUATION 26
RC—-CFI 1 1 (CZ —'BZ) [ Q }
B2 C2
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V2 B2RC CF] +C2bRc_CF2 [ EQUATI ON 21] where, Bl =
rCFi (Tc)/ PcFi (T 1), B2 = PcFi (TO)/ PcFi (T2), Cl =
WO 82008387 pcF2(Ti)5 C2 = PCF2(T C) [/ PCF2(T 2PQT/US2006/024862
.[0062] As conmmonly understood in the art, EQUATION 20
and EQUATION 2 1 can be further sinplified using
Cramer'sIBuI i Rc-CFl [EQUATION 22] b R c-CF1 ~
[ EQUATI él[oolgg] ;o)g denonstration, this equation
c be f |kt siliBl+¥j)ed in the case in whi
tﬁgv—@dd—‘y ceur gent (FSSRYpse neasurenents is ta@@gﬁﬁﬁ%ﬂ
calibratjdn t'enperature. For exanple, if Tl is the
cal i br at iCon # nperature (e.g. Tc=T 1), EQUATION 20 and
EQUATION 2 1 can be rewitten as follows: V1 = CF + b
C- CF2 [ EQUATI ON 24] V2 =B2R CF1 + C2bRc_CF2 [ EQUATI ON
[0065)25] W@Eﬁ%ﬂdﬁ%, for BedthflE cthé dBemiado) o EQUATIOR) 26:, and
C2 = pcF2(Tc)/ PCF2(T2) =(1+CtCFi AT2)" 1. [0064]
Agai n, as commonly understood in the art, EQUATI ON 24
and EQUATION 25 can be further sinplified using
Cramer's Rule: [EQUATION 26]b c-c [ EQUATI ON 27] [0065]
Expandi ng, for exanple, the denom nator of EQUATI ON
26: [ EQUATI ON 28] Fur_tlher simplifying EQUATI ON 26:
; Q&FX% [qué\(mﬁ%ﬁ%)%;y@ v2(|( | +aCF2A|T2) )RC%@JATION 28]
ATH ' ta@E2ATL L +ct CHl AT2 re
RC- CFI @s\l_(tgﬁ]é el dy cur ‘ent 2)lrlesponse of the first
conductive filmat the calibration tenperature, ackFi
e tegperaturﬁ coefficient for the first

i h
Furthes gy g 0 AHON 20o0C 1. aoF2 |6

R - Vil+ acpzATz)_] -V, (I+ o AL)
e 1+ aCF2AT2)~1 -1+ aCFlATZ)—l 1+ aerrATL)

[EQUATION 29]

R _ Vi, =V, (14 agp,ATY)
e-crt 1— A+ aer,ATL)
(I+amATL)

[EQUATION 30]

where Re.cpiis the eddy current response of the first conductive film at the calibration
temperature, ac; is the temperature coefficient for the first conductive film in degC’l, Ocrp 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, V1 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.

[0066] Likewise, the eddy current response for Rc.cr2 may be shown as
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the tenperature coefficient for the second conductive
filmin degC 1, DI2 is the difference between the

w@ 2007005387 on tenperature TO and the nmeasured PCT/US2006/024862
tenperature T2 V1 is the aggregate eddy current
response at the calibration tenperature Tc, and V2 is

t he aggrﬁg@ie egg)_ci{rrent response at the neasured

t RpEY, at 2 that if one is only intefRIUATION 31]
contlict i vélt Pbly) np know edge of the relative
contributi(®onopf,ATPe two filnms (i.e., b, etc.) is

requi red. One may now construct the normal correl ation
functions based off of RC-CFl a s the substrate and

again WRGRER ALY {8hé 9%&%5\%3&@1@3 offtHE s8dHnd rc%ﬁcﬁ:\ﬂil:t‘]i%g g@%‘élt tHaus

report an inprove dy current result suc
calibrdtionremhperetans $ss a conBBiive filoetideiess dapendiy ragios pemts the

o GRS TR S I BB s e e
coeffidint 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, 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 measurements as for the film stacks of interest. For example in the case where a
copper film (CF1=copper) is primarily varying across some range of thicknesses, one may
determine B(ds-cr1) over the range of interest and use the correlation results based on
EQUATION 30 to determine an eddy current response Rq.cpp normalized across various film
thicknesses by dividing EQUATION 31 by B(dc-cr1)-

[0067] Referring now to FIG. 7, a simplified method of determining a thickness of a
first conductive layer on a target substrate, the target substrate further having a second
conductive layer is shown, according on an embodiment of the invention. Initially, at step
702, a first eddy current sensor is positioned at a given position relative to the target
substrate. Next, at step 704, a set of sensor electrical responses is measured at a first target
substrate temperature. Next, at step 706, a second set of electrical responses measured at a
second target substrate temperature different from the first target substrate temperature. Next,
at step 708, a third set of electrical responses is calculated using at least the first and second
set of electrical responses, and a temperature coefficient of a first conductive layer. Finally, at
step 710, the first thickness is determined from the third set of electrical responses.

[0068] While this invention 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
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again where R CCF2 is the eddy current response of
the second conductive filmat the calibration
WO eopesBdsUre, b is a conductive filmthi cknessPCT/US2006/024862
dependent ratio, acFi is the tenperature coefficient
for the first conductive filmin degC'1l otcF2 is the
sens,-lm@ﬂg@m@ YE e @Rbd. 105& Mok Hantths seReANEaF 8o dyeqt FuRhdrinbfB, the
egC'1, DI2 is the difference between the
term sehas Usedbptsin méwge‘r eneyrenare of thy named eleaant efithe set. For example, a

te r t,he aggregate eddy current
Saxﬁrggpgﬁgégaﬁ Pﬁgwg%ﬁ$bratlon tenperature TO, and V is

[0069] h e agguegahgseddye RuedtRntintl 8RS daind dpar@asior 8ptimizing an
nperature T2 If both filmsignals are desired across
electr@ﬁlgrﬁﬁmné%m a ¥t pf eamiieldye Ipyers PR mstibtielen é4lditiogakadyaytages include

the uStQ g? ?e{]étﬂfei&l e ?1(;/%? ﬁggls%g{ tg rrr%s nt rgliﬁ?%y&rﬁe@ﬁ?ﬁ B higas
mﬂmugmanasumﬁnaﬁwhangﬁputFor exanpl e in the case mhere a

opper er) is primril aryi.n Cross. .
r007of oo layiseshslaned eRuehby SuRdifays st UE Rowatpdiaearoptons
and VQYa%Q)n§ ﬁf’ag'b@ﬁi%e 9b tHerlfl@l(?s%& eﬁBngE%tst\kﬂlﬁlef&‘éfrfaﬁhﬁé bv?cﬁm the subject

results based on EQUATION 30 to determ ne an ed

and spitit ofdthe invesiyomasedafingd by therfoHewingadaimacr oss vari ous
filmthicknesses by dividing EQUATION 3 1 by
b(dc-CFi)- [0067] Referring nowto FIG 7, a
sinmplified nmethod of determining a thickness of a
first conductive |ayer on a target substrate, the
target substrate further having a second conductive
| ayer is shown, according on an enbodi nent of the
invention. Initially, at step 702, a first eddy
current sensor is positioned at a given position
relative to the target substrate. Next, at step 704, a
set of sensor electrical responses is neasured at a
first target substrate tenperature. Next, at step 706,
a second set of electrical responses neasured at a
second target substrate tenperature different fromthe
first target substrate tenperature. Next, at step 708,
a third set of electrical responses is calcul ated
using at least the first and second set of electrica
responses, and a tenperature coefficient of a first
conductive layer. Finally, at step 710, the first
thickness is determned fromthe third set of
el ectrical responses. [0068] Wile this invention has
been described in terns of several preferred
enbodi ments, there are alterations, pernutations, and
equi val ents which fall within the scope of this
invention. It should also be noted that there are many
al ternative ways of inplenenting the nethods of the
present invention. In addition, the invention is not
limted to
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a particular sensor design, nethod of detection,
excitation frequency, active or passive electrical
W@oIpomB8T s or any other peculiarities of a sePGDIS2006/024862

vendor's nmethod of reporting asensible signal to be
nmeasured. Al so, nore than two sensors may be used.
Furthernore, the term sepragpyigsed herein includes one
or nore of the named el ement of the set. For exanple,

What ia clfthedfs: " X' refers to one or nore "X " [0069]

Advant ages. of the invent.ion include nethods and
L S e amre T B sR PER i e P RLS R EcTopmedof @ first
condudifle rfte$QMAUCHI B sURBYRE Ssafitarked sibStrhte fgrtheMeiink Q8tond
advant ages i nclude the use of relatively inexpensive

condueiyigilpyas dormed ofefseprndmonstiaiive ynatesial diffaren fromm geif ifigH pnductive
.substrat.e neasurenent throughput. [0070] Having
maten%li’ %%rfl%résé]ag'exerrpl ary enbodi nents and the best node,

g@féitfdlmag 4 A% e@idcurant &nb@ns a Eyenlpositivd eelhivd doesaid target
i scl osed enbodi nents whjle remaining within t

t he
substrajespidcirsbeddly sprtent segsor RS IR § SPGeSIPHS rdalionsip @}h feRect to
; | | 7B ' Lmed is: 1. A
said ta&%%%%% %@éﬁ%t%ﬁ%&@aﬁ@&d?ﬁ% :ﬁess IofS a first

copshucihi viesingasaid fifsoeddyctunknissehsarsthilemadiufitst edelyromtrent shsor is
..on_a target suhstrate, saigd target substrate further
PositiqRgg Ahisich LEER Bt DebridkISt Fhef SISHCHT FespARS Gt Soeblss fgeast one of

a first GORMAGHiNEre RN E AP fifdt Edifing Meadur@RtRadail fdehfiring said first set of
conductive material, conprising: positioning a first

electried dgspouseasdringyenfoonediat aalingi target pubsirate dempablaitd;ve to

sai d target substrat said first .eddy.curre sensor .

ceryt PR E e i it bl SRl o S SR QR ensor i
positiciRl dt §-8d gRien PUEEDA,a ReordaRt PRI O esbpahises @l i@luRE at least one

posi ti on; neasuring, using said first eddy current

ofa seg;@m#mlta\gﬁ inp@sgrg;n@n‘f a,n!dgat sew%@m @ﬁqsu%saidsmeasuring said
seconcg ?ez 'g? %ﬁ&?ﬁaﬂress‘%o%gs t%'i@/%eﬁ}getrﬁ%&{l htgapsecgr{c{ 121%%& ts&t?s'iraféftFmgerature

rrcal responses I nc es one O
differdnit fioin sadd fingexrgeasbtateshpanathrg first current

nmeasurenent, said neasuring said first set

efdleulatings thidspbpisdectinal FEPYPS BHAG AL l5tst gaid Heget Hfredfstrical

resporg,g?acﬁdr A PsdoSAP L A er\?\%ilc?%@%ghgé%gan&@ﬁﬁg’gﬁﬂiegatﬁlierc%fﬁcient of

dy current sensor I'd first eddy “current
said fisst nsmiuctise [aysi, saidrkd] st ofaecirigalwespopsesireprosentiag s@pamsds

set of electrical,responses that includes at |east one
substagfially %@Bﬁ%ﬁ%tﬂ %émﬁg‘ﬁ‘gﬂi’t@ﬁe‘ﬁ}_’efaﬂ a second current
NBASHERI Yhid $3t GidBaSYrdnN hid Alifl RE6PEIEctHB] r&ponses.
el ectrical responses being perforned at a second
2.t Ahgeretimdodictamel wherpiarsatdiarget substrate has N conductive layers
altogether, whereby N is an integer, said determining said first thickness of said first
conductive layer involving making at least N measurements at N different temperatures.
3. The method of claim 1 wherein said third set of electrical responses is calculated
based on :
R . = Vi =V,(+0gpnAT)
c-CF1 a (1 + aCFzATZ)
1+ aqmATL)
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different fromsaid first target substrate
tenperature; calculating a third set of electrical
WO e®pomses using at |east said first set of el PCT/UBMA$/024862
responses and said second set of electrical responses,
and a first tenperature coefficient of said first
where G2NQUE th/E1dy A Bent S HAsd B the 158 LotducBlE§lih 'af fﬂe calibration
resr%nses representing responses substantially
tempemiure, dgpit ia heetetmpemaird chéffisienicion thedirstwentegtiae; filanid degC'l, dcre 1S

thetorger g pp AT b Gaad SO et tbebs > A afiity derence
betweddBE BhlMbrSRdhehBeRire TURSH fhRhEaB@Sd NogRRaft TG, |sadEESuregate

al together, whereby Nis an integer, 'said deternmning
eddy cympwet respogse athhe kalibsationfterspératufs Ts and Yndlibe iagerepaty eddy current

iny in ing at |l east N neasurements at N
reSponag?ﬁérgﬁ?S@g&;%gﬁ)ﬂ%wg 2 3. The method of claim1

4,  whigy @kthod af elatoh B reheseth saifl deleginingCald fiks HREIGRSs inSludes
cal cul ated based on ;where RC-CFl is the eddy current
correlating said dhirgretiof glepiricsh regromprsovitly aaid firsiihieknegpusing a set of

: l i Y erature, acFi is the tenperature
t £l bR BuVENP re, . enpel
hmkncoé:%) Flgflent fgr the first conductive filmin degC 1,

5.  dthe2msthodef tlenp8veteunsia said eétfdf chiekries§ corrdlimbors@nosschre calculated
. conductive filmin degC 1, DI2 is the difference .
using & BR{EEHFH EPHET PR THOR LB  Enesil st conductive

layer viBRS Predity 8PRERLA8spbase¥ bolnpulel®o BOSIRERALISHF I butable to said
current response at the calibration tenperature TO,

first cenddctiveilgyerhe aggregat e eddy current response at the

asured .t erature .T2.. The t hod of claim3

6. B UrROdF FRER Torliefeir s dustaore By Biye Chortndiel wileps oge of
alumif@d, lcobs¥r] 4 t8Rddert hi rd set of electrical responses
with said first thickness using a set of thickness

7. cbrewethed ehcleim exhergn saif dirsteetad¢lastrical sgsnoentroresents a set of
381 g o L SKIE3eR88EERURT, SHENES: R it Py

timza
current semborramdahidtaget hubskatess of said first conductive

layer with a plurality of electrical responses

8. cohpumrasmest e dstebutnapa 7 Gt jhickoess o st eondgctvg layer formed of
a first Eérf(ﬁhi\‘;&ﬁgﬂéﬁﬁl' dfa Jta?%e% EléPsﬁ'ateT&?ﬁi {E?y%é? Qo Bt S Having a second
wh f on a f gast

erel n sal I rst ucti ve r conprises at
condugive lafer druredrufim secoppendudivd matkrgs tigferent frofin saiddirdt@dnductive
claiml wherein said first set of electrical

.of
materiply CUBPISIRE  epresents a set of el ectrical responses
t P ddDRBrrBRSRNER e bRt b Qv pR¥itiBh kMatf @ todhidArget substrate,
__betweén said first “eddy
said first eddy current sensor being in a spaced-apart relationship with respect to said target
substrate when said first eddy current sensor is positioned at said given position;
means for storing a first set of electrical responses, said first set of electrical responses
being measured using said first eddy current sensor while said first eddy current sensor is
positioned at said given position, said first set of electrical responses being measured at a first
target substrate temperature;
means for storing a second set of electrical responses, said second set of electrical

responses being measured using said first eddy current sensor while said first eddy current

sensor is positioned at said given position, said second set of electrical responses being
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current sensor and said target substrate. 8. An
arrangenent for determning a first thickness of a
wo oogozsenduct i ve | ayer fornmed of a first condPCT/USH06/024862

material on a target substrate, said target substrate

further having a second conductive |ayer formed of a
measuf8G0 R deeRA duet MBstiid Ridpatateh birerantsdnh o $R4tdarkbt stbstrate

conductive material, conprising: an eddy current
tempergbigor di sposed at a given position relative to said

tr%egl%tfor éé}fcgllatﬁ §rat thﬁa :sgtt gaeéﬁlcgpgxl%cﬁlsésr I?SQII&%q?%Q Ealg) g&@ get of

electncta&l E@@bn@ﬂ bsd sAl eeooh& Betsﬁ etécfricabxfesmﬂ&des, end & €ndt ta&mamre
IS pasitioned at said given position; neans for
coefficigny Pf prgd Airsticpquckize ladﬁr é@ﬂé&liﬂrd wehpf ?lé%tﬁeﬂ§e§°011§eé.rapresenﬁng
f I as ured using
resp ongéaﬁ %B?tlﬁ@sall?’ aéltgj)l/) ﬁ%h{ertg ﬁ%udggitg gfri&‘%h%y P ﬂygz%l first eddy
cueansifor deteranning saiddgtithickeads ﬁbnsmcﬂthgld\semﬁﬂi&itnid:ab msponses.
id first set trical, res ses e
0. PhatapSneiitghin it aea pER e are Dan N gABT e fyers
altoge®bO W&&b? N @sce@nﬁtegat 58 d8teRfihirpGald ﬁx%ﬁﬂh%lk%@é ofS@qdirst
second sét of electrical responses being measured
condu@med@yes anolving srkingdy leasirl¥ ervaswemens atiNidifersal tamperagires.

B PRl D8P BRA RSt BRb Bl s cutet
based&er ngneasured at a second target substrate tenperature

different fromsaid first target substrate

t gnperatur & Uneansshbr cal culating a third set of

el €Ct'ri cal (tegpohgas using at |east said first set of

el ectrical (tegpah8es and said second set of electrical

responses, and a first tenperature coefficient of said

first conductive layer, said third set of electrical

where r%apoﬁé%ﬂseddéwér@éWismw ekthe fiss sordissive filth af thg calibration
tempex%ﬂré a)p @Qheeteﬁgaexsa%rg %éfﬁgrtenfiﬁ cﬁr'stvc% d@é‘cqfe ﬁl%ln?lﬁigggn O 1S

rm ning Ssal HESS rom sal

the terﬁpﬁratafe @ fdidrt ¢al the espansesiucve Mheirddg@n'game iy thetifference
8 wherein said target substrate has N _conductive
betweﬁfﬂa% P%hbaﬁwg@m@faturw?e thenpgagurgd tomppeggfare TogXj i the aggregate

eddy c?hergzglr r@%ﬂb‘n@@ SR galﬁ}re{tﬁ)tn télﬁg&%&%s? 9hd S/"i"mdth@ Eﬁrtegate eddy current

conduct’i ve ayer I nvol vin i ng " at
responﬂeaisthcarmmrsdmmp‘drmrkﬂar ent tenper atur es 10 The

af %f?%%%gﬁ%te @%ﬁiﬁﬁ%@@ ‘?’ngﬁé{se@:}g%gé %Hég g8 ng sa1d I{_-irst thickness
1ncludé62ﬁlbaxﬁ@512&>¥?e?ating%'a@:thﬁd Gétlof electrical responses with said first thickness

using a set of thickness correlation curves.

12.  The arrangement of claim 10 wherein said set of thickness correlation curves are
calculated using a mathematical optimization function that relates a thickness of said first
conductive layer with a plurality of electrical responses computed to be substantially
attributable to said first conductive layer.

13.  The arrangement of claim 8 wherein said first conductive layer comprises at least one
of aluminum and copper.

14. A method of determining a first thickness of a first conductive layer formed of a first

conductive material on a target substrate, said target substrate further having at least a second
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++ a CCF 22UDr. 22 ) 1 - (I +ac n AT2) where RC-CFl is

the eddy current response of the first conductive film
wa@ueoories3sal i bration tenperature, OCCFl is the PCT/US2006/024862

tenperature coefficient for the first conductive film

in degC 1, acF2is the tenperature coefficient for the

conduglﬁff‘e?% %{%%a s@cgﬂ Hl_gcit% Afatckial Blerket oA said _F16St gﬂl&ductive

et ween I'bration tenperature
materiblheompasng:ed t enper ature T ,V1 is the aggregate eddy
current response, at the cal i rat| gn teggerat ur.e

MG EATIGY SYHEY SERREY dishored et REEGUR B et bstuate, a
least t\W@ astyl bﬁgeétﬁﬁﬂe&@oﬁ&% ol Bwd diffeldhe todgdt @Wm@%ra@r@d m

O wherein said neans for determning said first
t wlmkairélg@ lamam@ﬁc el slecticabigspasises irewg seigli af leasi twep sets of

electrlgzﬁ resggns%l eGid ¢a§$ij spe %%%Q’L %‘%1&6’&}43 iseg];)]&lgu r’v% Esilé}%ﬁ-%lﬁcﬁlﬁfzg set of

ness corre

electrlaa‘l rEPO LI Iﬁépr@sfenﬁh@tdspd&ey\hﬂ)l’sﬁnﬂalbﬁdtdi‘tﬁn%ld)ﬂ‘o safdl fiknesguctive
correlation curves are cal cul ated using a mat hemati cal
layer; gt i mi zation function that relates a thickness of sai d

F idi Sl g@%ﬁtthi\éﬁn%‘?%ﬁg)hbégié E%grt S tté?e?éct Jg??és

responses conput e ntlal y attributa eto
15, sEhaimtihod bof claird ddtwheeeih agié targdi3ubstiate asMangetvetive fers

|aim 8 rein said first conductjyve | ayer conprjses
altogeffe »|V§%§ftbwgﬁés By niQefhsHa e er &gpﬁéﬁmiﬂn ResEaliaH et
condth?JeQE%r ”ﬁ\rlﬂvﬁ?lg frﬂdkﬁ{g dt tI'é:a‘%i‘l‘il‘?ﬁ'é?:ls&ffam%mfs af ﬁtdlgf@ﬂ%ﬁ%Iﬂp\éFatures

l'ayer formed first conductive material on a
16. tEngeethod Mpbanéﬂr velEireln sad gleterrsm yaid didkmesshiieom lvaidilaygr-

d f d of d
sec el e R R A et S e "

conduct {,ve ;ppteri al~-conpri si ng: measuring, using an
eddy., 4 I}]BJF& AT? i sposed proximate to said target
substrat g, ) two sets of electrical responses

at two dif férent,Alar get substrate tenperatures;
calculating a | ayer-specific set of electrical
responses fromsaid at |east two sets of electrical

where!l RSQORIBS edcﬁﬁdlﬁlrehﬂbé@ﬁdrﬁé’ BEILbifsteBhdRiive mlat Hedlalibration
responses, said layer-specific set of electrical

temperat@pons et th@mre:seaﬁtmewge sigpbios dee Busbeanalnetived ﬁlyn in degC", acrs is
the temperatureuctoae?flic:lent(%or t%le %ecfoln(ri %E)mfucplgg ﬁfm jhil deg"i‘é‘ﬁ ATz is ﬁile 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,

17.  The method of claim 16 wherein said determining said thickness from said layer-
specific set of electrical responses includes using a set of thickness correlation curves.

18.  The method of claim 17 wherein said set of thickness correlation curves are calculated
using a mathematical optimization function that relates a thickness of said first conductive
layer with a plurality of electrical responses computed to be substantially attributable to said
first conductive layer.

19.  The method of claim 16 wherein said first conductive layer comprises at least one of

aluminum and copper.
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determ ning said thickness fromsaid | ayer-specific
set of electrical responses. 15. The nethod of claim
wQZoomoes3ei n said target substrate has N conducPCTES2006/024862
| ayers altogether, whereby Nis an integer, said
determining said first thickness of said first
20. CORIMEIHoY S LRYEN 6 WNERN 5418 ERKiH, Bding 8883dyNurrent sensor
measurenents at N different tenperatures. 16. The
disposaepresémate te baid mubstratehatrledshtveasals efetlentri¢al resgosses @t two different

thi ckness from said |ayer i fi.c . set of trica
terget s R aEorre s B Y 5T BE ool HinaRiss Bt b capgoted
for préx@i@ity ChifistRM boheeRAREN BT eddy@ufrefitsens® AAE 64ill V& gét Jub3tate.
the calibration tenperature, OCCFl is the tenperature
coefficient for the first conductive filmin degC 1,
acF2 is the tenperature coefficient for the second
conductive filmin degC 1, DT2 is the difference
between the calibration tenperature Tc and the
nmeasured tenperature T2 Vi is the aggregate eddy
current response at the calibration tenperature T ,
and V2 is the aggregate eddy current response at the
nmeasured tenperature T2. 17. The nethod of claim 16
wherein said determ ning said thickness fromsaid
| ayerspecific set of electrical responses includes
using a set of thickness correlation curves. 18. The
met hod of claim 17 wherein said set of thickness
correlation curves are cal cul ated using a mathemati ca
optim zation function that relates a thickness of said
first conductive layer with a plurality of electrica
responses conputed to be substantially attributable to
said first conductive layer. 19. The nethod of claim
16 wherein said first conductive |ayer conprises at
| east one of alum num and copper.20. The net hod of
claim 16 wherein said measuring, using an eddy current
sensor di sposed proximate to said substrate, at | east
two sets of electrical responses at two different
target substrate tenperatures represents a set of
el ectrical responses that has been corrected for
proximty variation between said first eddy current
sensor and said target substrate.
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