METHODS AND APPARATUS FOR OPTI M ZI NG AN ELECTRI CAL
RESPONSE TO A SET OF CONDUCTI VE LAYERS ON A SUBSTRATE
BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates in general to substrate
manufacturing technologies and in particular to

nmet hods and apparatus for optim zing an electrical
response to a set of conductive layers on a substrate.
[0002] In the processing of a substrate, e.g., 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

I o



(e.g., thickness, sheet resistance, etc.) of a
conductive layer at a particular point on 1 O the
substrate. One nethod of neasurement is the use of

eddy current sensors. GCenerally, eddy currents are
currents that are induced in a conductive nedia by an
alternating magnetic field. [0005] In general, if a

first alternating current is applied to a wire wapped
in a generally sol enoidal shape (e.g., the wire in an
thelgybsitaie. éPne geatieert pf maedsitregtent a$ ttlee mae iofigeddy current sensors.

| ectro netic.field fo in and around the.sol enoi d
Gpti RSty i imenhdRaate Aol o LatdRFerAsy an
alBmtigs Alagdedticticld he di aneter of the solenoid. If this
first field is brought into proximty with a second

[(duct or Ipgereral, & aclontialéarnating duagat is applidvetoguisise waanppd in
a d_al atii_n lectrical current will alsao flo

S DN N T S S

altérnetigctisctvarbdpnetic Gield RS ivaet foahd thetselenoidtRtdndingtbeyond
field and results in a perturbation to the field

ther dspitthe splerid a diesee op i erdpnel Besdipmeten el &ﬁd@éengid- If
Co L . I h . .
tﬂﬁggl éé ﬂisel(i gﬁég?ﬁggﬁga}}gﬁﬁnﬁ? \Sﬁfl %Qegon%. &%ﬁﬁ%lotln gé 4.11% conductive

aracteristics inc
lgyeobe'tse suipadeh acscanttl hitaqabrpcylecteisgonsent wildiaivg few in the

[ d -vol t converter, the inpedance change can
SO58hQ GBIFIEQe S 2 HoU N HAREELNBI (o HEP Ve GrAY 1
R BEEFRID dnd PR 3hYs ?Srtur[bgf_?@r@]t? MAD Vil GRBhAUES pRie. These

avai | abl e for produci a signal fromthese etecte
pefiurbatiaas de thel prokeldynitialr fidld mayrcabse ddtentatde ehdnges sthe porbe’s

| ' fir .techni que, .the,width .of the
el B g e il e B s JiaPSarst arosh iy pesponse.
Usidg Yan Gihpe@dce SBRELRY cqswélttam}(es&g)éaanc%ﬁa@g@ caf @R BBverted into
reported. Likew se, in a secon techni que, the change

a yoltaggsharggrfor fihsr gignalipsogessing apdirralysismgi nary parts
the p ' ce.can. r r . he the
10806}, 0° ane AT TREATRCE: SRR aRe ERMAERCL RN (Pl these
deadcgedy diffraicky imedéy wairay pebs icheracteristidsi ¥er exdraple] fnya first
range. of voltages that can be bounded b

te%*ﬁ?é%?gﬁ%ﬁd%ﬁmf the Teausrty detradent fowesabseiRtion sl thggrobe /
o N B T 9o
tecdongiiee thev chapgofin tthe negoivndks odrntie cta randfatimagmagepartshef the
prgﬁexiilﬁgelt%?lg% ggg bienretplgﬁecp "he w?ee%i e aﬂrogg Aad athle %ego% ego%%uctor.
These measurements are generally made using passive or active circuitry to produce
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.



geonetry, excitation frequency and the nethod adopted
for neasurenent, but generally it is a thick (on the
order of many tines the dianeter of the probe)
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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,
resistivityis 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



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. [0010] Referring nowto FIG
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geometry and substrate handling, stage movements, etc.) prior to making
measurements, the proximity error in theory may be cancelled out by averaging a
pair of measurements taken when the substrate is placed in the known position
between the sensors. In practice, however, it is often very difficult to repeatabiy 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



pai r of measurenents taken when the substrate is

pl aced in the known position between the sensors. In
practice, however, it is often very difficult to
repeatably and precisely position the eddy current
sensors with respect to the neasured conductive
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[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.

[0016] In view of the foregoing, there are desired methods and apparatus for

optimizing an electrical response to a set of conductive layers on a substrate.



| ocating the sensors on top of each other, or
interference fromone sensor (e.g., cross talk) may
prevent the sinultaneous use of both sensors. [0015]
Referring nowto FIG 2, a sinplified diagramof a
substrate in a mnechanismto rotate it with a sensor
armis shown. In this exanple, substrate 202 rotates
in direction 208, as sensor swi ng arm 204 noves
sensors 206 across the surface of substrate 202.
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responses representing responses substantially attributable to the first conductive
layer; and determining the first thickness from the third set of electrical
responses.

[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
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first set of electrical responses and the second set

of electrical responses, and a first tenperature
coefficient of the first conductive |ayer, the third

set of electrical responses representing responses
substantially attributable to the first conductive

| ayer; and determning the first thickness fromthe
third set of electrical responses. [0018] The
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conductive layer; and determining the thickness from the layer-specific set of

electrical responses.



[0019] The invention relates, in another enbodi nent,

to a nethod of determning a first thickness of a

first conductive |ayer fornmed of a first conductive
material on a target substrate, the target substrate
further having at | east a second conductive |ayer
formed of a second conductive material different from
the first conductive material. The nethod includes
measuri ng, using an eddy current sensor disposed

[0020%i Mt e These iR H&sfehdtes of dlie preasit itventisietvill b€ described in

el ectrical responses at two, different target . i
moub sletedt kelew ipdhadatedled desraipien (6 dha renfipe apgda conjunction
cal [ yer-specific set of electrica
‘W@E%§§§%§@§%§ﬁ$%ﬁe at least two sets of electrical
responses, the layer-specific set of electrical

resgonses the |a ecific set of electrica

%er-sB
BRAER SR IPIEONQR (THGDRASWENGSs subst anti al |y
i buta ' - \ '
B28L1 i A ehSebh yphdt s, BN by Sl e bonIE and ot by
waf ofdimgititione &l theeSgoes of the7addonPORaihg drrosegaanl ot hbrch like
features of the resgnt inventign i 1] be described in
reEPRCBIBATRIS BEP R SRIEHUCHERA ATt WS ption of the
[UOQYEm | ONFERd) {IRsCARE ygﬁﬁ&%d d\Mﬁi'at}n bhgn %&éﬂg‘ QiMenbsensor;
figures. BRI EF DESCRI PTI OF THE DRAW [ 0021] The
[0028kent | Al@n2 iildustiatesid sinplifiad adpgnym vodfya sfbseigrpl @ turntable
agd not by way of limtation, in the figures of the
WHERASAH ™Y drawi ngs and in which like reference

[0094aETr al s FRE €T ilhRtrétesh |sat ofethRRRALBrafio clufveyWdratetermining the
[0022] FIG 1 illustrates a sinplified diagram of an
theakargsscafra eandugtéyesisyer o aopbyirats, eccopding |tp opg gpbgdynent of the

.sinplified diagramof a substrate on a turntable wth
1ngmggﬁgor arm [0024] FIG 3 illustrates a set of three

- [0025] br at i BIG.cdr Viésstiams desierpiiified ndiapfaen  dfhiac kuiessrateofwith a
conductjive |l ayer on a sybsirate, accarding.to ang ,

copBeieneit CgRPTHes %wﬁﬁq _%ﬁweflbe%}t 3#?%*1%% agoutnﬁ_ C across

90045%3&{ A Beiflg | JPLinbbdirhedli ShaMRAtigh;Substrate with a

ctive m conprising Cu, cycled between about
[0826] and aBWut 52#lGtrates ogssimplified diagram of a substrate with a

conductive film comprising Si, cycled between about 21°C and about 23 °C across
90 miﬁutes, according to an embodiment of the invention;

[0027] FIG. 6 illustrates a simplified diagram comparing temperature
coefficient o to substrate mean thickness for a conductive film substantially
comprising Cu, according to an embodiment of the invention; and,

[0028] FIG. 7 illustrates a simplified diagram of a method of determining a
thickness of a first conductive layer on a target substrate, the target substrate further

having a second conductive layer, according to an embodiment of the invention.



90 m nutes, according to an enbodi nent of the
invention; [0026] FIG 5 illustrates a sinplified

di agram of a substrate with a conductive film
conprising Si, cycled between about 21C and about 23 C
across 90 mnutes, according to an enbodi nent of the
invention; [0027] FIG 6 illustrates a sinplified

di agram conparing tenperature coefficient a to
substrate nean thickness for a conductive film

DRt DESIGRIPEEMS QK THE RREFERREPHMEB QLIMIENTS

di nen of the inventio an 0028], .FIG .7 .
(FFERTt rar dLeprtse Rl RRts S pPlihe st 0GRy e with reference
t618 tav piatérial @nbddhh@xkt@ dssedtfas aldstaet ig q&%@&mg@yuag/@frawmgs
on a target substrate, the target substrate further

Imakg Agllavise dspeintione nameraus| sppeific dateilsr aenggttiorthnin order to

PR Bl el N o PrgofihAhinl SERHHE belbihren.

howsasd] it nw slkilleﬂow e alesthat higd ptadertiein@entiod tlay be practiced
ﬁgerence to a eM/preferred enbodi nents thereof as

Pristomg Fcrll of thae seebimslsrijisnty ethendpsigaces, Wl kpewn process
stfsgg Ar?f%t"’sgrugﬁ%rﬂg% h8beel WSS ir? ﬁ&ﬂl {d &rdgxettozﬂolt Anf¥cEssarily
set rth 1n order to provide at

obsederthe aredemignehtivhe present i nventi on. It wll be
the. art

rent however . .to on illed i t ha
QR o e RGP ag tobprucby dBepradt ol Sakepy the
in9Ent8t | hedin t {NGE QafiRG@GHs, i KBkiRlté Seledtficlt NBR prApEARE erﬁay be
wel | known process steps and/or structures have not

ch@l@mls@te@ éori reerdemtodentianive sensor de¢tr1t:ed responsthe @esmdinyent

[e th resent .iny, ile
ens T el ct{lga Bgs%)gaen af % fgﬁeé%? subs rFte sglngrh %glaovm/ temperature
mhﬁ\b%nﬁﬁﬂ tb &dogdeBt EHEaEen‘d@f bl@bﬂrl@ﬁllsrdspbr&HQﬁTe[ &drBet substrate at an
electrlcal f|In1propert|es may be conpensated for, in

nkngen tessptiTRi Jo adeprobpdigieabi the cendpeisisolayer materigh of the
Feg?& 'srirlggt}ate 1?5%%%511%%%1& t%a‘Jh C%ﬁ@l%ﬁ/g 19 eramaterlal of;/ the

erence substra Rnown t'enper at ur
tatpet sipsttatto correct the sensor electrlcal response of a
get supstrate at an Fnomn t enper at u

. In a
OWI0GH morkh A P ele BeVEITeRFe sUfHAEr 4] h fargg substrate are
méRIRUARES ﬁ%@tﬁﬁﬁeﬁiyesdrﬁlaﬁ H@:ﬁ&ﬁ‘&hblﬁl ﬂrbfto&')lg” F& exathpid)®oth the

conductive layer rmaterial of the ‘target substrate.

reference substrate and the target substrate may be measured using the same eddy
current measurement technique, 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-



[0031] In an enbodi nent, the reference substrate and

the target substrate are neasured using substantially
simlar neasurenment protocols. For exanple, both the
reference substrate and the target substrate may be
nmeasured using the sanme eddy current neasurenent

techni que, at about the sanme proximty, and at about

the sane neasurenent sites (geonetry), etc., such

that the major variable between the reference
réadhbleriastenctinns fdrecarirgeoutsethbodiakatsicf the ipentive teehnique are

an enbodi nent, if t substrate WO con uctive
sforqdyg Lh§ CPMBREY g‘,afii#g € Mpediup nay ch@ﬁp 5["65“8 Semiconductor,

n%l% %tgd %h?d“}n%ﬁp éi?aﬁ ica®f o RASURHE %?%oﬂﬁﬂtep?eahﬁmg M&fium for

FYerent te res in order to derive a
storihg tcantputk rgadhblepedat Fughem tependdivn may also ehvex apparatuses

f%gi%&%g@%g{:%%ggﬂgs CH V@PHBJ’ gu%gilf%agtgg g}%ér{gauge & &its,
dbBENB GBS pﬂo%ra%ﬁﬁétﬂlg tBRak§ Rut tﬁk%&félﬂlﬂglto éhBodiments of the

I nventi on may al so cover articles manuf act ure t hat
ivestion eExan;dosmﬁm;h appaxaltalb fieclndeh gsmeced Pritiosh cerppgat ard/or a
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adsipkeck fof 1anariohs sk pRriainipe o ABDEdiNRIS Ak the VveRQsH | Igmples
OP% %&)ggra{ug %ﬁi%b n% u%gq pI' HEEC%BIC&ICQ%HHR)\( %g(;(gé%ﬂl’ﬂqg% c1rcu1try

ver a USG practicing e I rents of
i & drﬂﬂ@rﬁhht@@rateﬂﬁﬂ@uﬂ@ﬁ@ff@mai nmamyrmﬂt tidecoiputaniinplemented

dedi cat ed .and/ or .pr.ogranmrabl e carry out t
teﬁ}élilﬂ‘affsrﬁlﬁféoﬁeé I@FPd%dIPr?éﬁt%onoPn@ Hégel?‘ﬁ‘ﬁ}e i49M Ca%%gﬂﬁP ysing a

&h tef SURHAL aRUERPREI. CONMPUt er
¢ n%? gé@% |cateJ900npu ?ﬁb evi ce mhg%
[08BBF opr i ats Ipyevmus@r stateeothasltctriopl faspdnsdef sensor to the magnetic

ation ut.er/ gopput i devi ce and
Il S BPo AP ol FOUTEL® LdBEUacTof figsed by the
pféﬁfﬂll@}“%u'b&%§ pﬁﬁﬁﬁlﬁl_yr}b nk® GMPedeRRALS tief sibsRate. That is, as
i nventi on. | es such apparatus may incl ude

thaspeitipg iprabe ft?é‘ﬂlsc(étl@w@rﬁ@ﬁml o Pachitamegnigide dgriepses as the
t
pogn[%o%tnlge]lcr%gsen?{o I[H% pﬁ%l?eatﬂ?e ?&ééglf ?&%ﬁc&%ﬁ{ &g{ 8& dnfc ea%y a

enen hni que sclose

sebéiice bonduktor aféﬁigt m@aﬁsur@lnﬂscb degremeral the fsesondrepnductor is moved
cal cul ati on u3|n nguter oper ands i n nenor
©

fugthe fiogt theegrabeer g, @ gt pEHaBMmaKshg SERse fcy both
plﬁrgigé]lg){j I'ag(ﬁ NS cBli@f tiht BlogeRRRO DS GeRbral SR SO difRukt® isolate the

portion of the electrical response caused by the set of electrical film properties

(electrical film property response) from the portion of the electrical response caused
by proximity (substrate proximity response), 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

10 o



field (eddy current perturbations), and hence its
accuracy, is affected by the proximty (substrate
proximty response) of the sensor to the substrate.

That is, as the exciting probe field is of limted
spatial extent and its nagnitude decreases as the
position increases fromthe probe, the overall eddy
current perturbations caused by a second conduct or

bei ng nmeasured al so decrease as the second conductor
varsatromyv ed prifnarilsh qxro;ﬁcn’timai hte freobeersEhof filmnresctlyity. Electrical

rIBEET @RP TRV By OPer iF GLechisr genunap) gepeiady Taita® how
stbrdolly GYhdtelif dp%@!;é%ttﬁe oG ofpélééth@ Rufbnd hxelo%\i %fsﬁ’vﬁﬁlgenerally

response caused by the set of electrical fil
indicapesr & i materifleltiet t readidy afloivn mﬁomewtmtheng@mwné r dawever,

th ortlon of the, el ect I r onse caused by
resPOY PRI et b bRl P Ronse) - wihi ch ey
[oBBBpequenty Yedopdll O4UGRNRR res%bﬁ&f R Rah B8 ni®RRIA K% function of
val ue. [00341 In"addition, the set of electrical film
sqyesp ey vasblasr a partlcular substrate may itself be
vari abl e. For exanple, the electrical response of
sensor may be affected by the resistivity of the
condugt) ¥®(#jp,® pfipt is, eddy current signal 10 o
variation is primarily proportlonal to the inverse of
[HQUAII@NIIdti vity. Electrical resistivity (also known
as specific electrical resistance) generally indicates
how strongly a material opposes the flow of electric

whte TE R filr thR¥NEBStoSBd Miehdtr&E Ne i btakimitH da!n@ag €S génerally the
material that readily allows the novenent of

seasaac setishsnummbsrewhich 1y esphort Jiang najatigns dlepeting g yunctional
deggﬁ)c?elﬁgg rZ)If B8 rggﬂgﬂgé %E’:lg%l? k’g}ég ?r%fggrgl%tg;{h g&ﬂﬁrtﬁg C%olﬁgﬁxjgigp of the

resp fun

deszvel pértdfbahdnadiﬁ thel estid¥(ar) eddyRfudrenp pﬁ)bep( figld by the measured
[ EQUATION 1] where d is f|In1th|ckness to be neasared
filg o 5y goapvisntet Argsusemenigunibrand p(lphis the derapsraieg fgpendent

re§l&f@®f h %ﬁ hedié pe SHO  the ]t@ﬁﬁeﬁgﬁtaﬂéagurgﬁ@ﬁtt 'uHE fshgolts (V).

unct’i ona ence o e response on al
Adsningngreiat elh sedrors hiveghe smue seison sefal tiumbey eE@dAé" @ON 1 may

urbat n of the particular eddy current probe's
lmﬁﬁ%ﬁﬂ‘ﬂy & Reasur ed

R(=)=R(d, p, p(T))
[EQUATION 2]

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

[EQUATION 3]
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filminto a convenient neasurenent unit, and p(T) is

the tenperature dependent resistivity. In an

enbodi nent, the conveni ent neasurenent unit is volts

(V). Assuming that all sensors have the same sensor
serial nunber, EQUATION 1 may be further sinplified

to: R(-) = R(d, p, p(T)) [EQUATION 2] Therefore, the

t hi ckness d of a conductive filmon the substrate my

be nodel ed as: = f(R(d, p, p(T))) [EQUATION 3] 11 O
[0O3636] El quEcEth@@ reE1§§V1§>t (ahtd ¥ndvad 89 s#ewﬁm ebstr&plemsfstance) is
electrlcal resi stance) general ly i ndi cate

goneraHy |nyd19at¢ﬁah@v|Sapng}pip?o§lét§ﬂ@hepﬁqswbﬁf H é’étechkm current. A
curr
l%ﬁtre 1%‘{1‘[}/'\ %er{e?a\lrlﬁéé g'xﬁ‘l]ﬁc%{ aI% g&é&&%ﬁ%ﬁlrké’ ngnﬁl&ﬁ’st e Bovement of

e nove
eflceohs. ONige SThaitSforuelettritar resisaeity iicahe obsi steiteri {Theidectrical
the ohm neter. The electrical resistivity of a

resastiity Of ajnaaterdal ds P§rady @SRy - RA P=- | [ EQUATI ON 4]
where p is the electrical resistivity (nmeasured in ohm
neters), Ris the resistance of a uniform specinen of
the mateRdal (rnmeasured in ohns),1 is the Iength of the
speC|ﬂEh (measured in nmeters), and Ais the

Cross- sectlonal area of the specinmen (nmeasured in
[BQUAAHORHErs). [0037] Electrical resistivity can also
be defined as: E p=J [EQUATION 5] where E is the
magni tude of the electric field (neasured in volts per

wWiREEH 1s BPdlediricdl resistivity (measured in ohm meters), R is the resistance of a
uniform specimen of the material (measured in ohms), 1 is the length of the specimen

(measured in meters), and A is the cross-sectional area of the specimen (measured in

square meters).

[0037] Electrical resistivity can also be defined as:
p=L
J

[EQUATION 5]

where E is 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
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t he magnitude of the current density (neasured in
anperes per square neter). [0038] Referring nowto
FIG 3, a set of three calibration curves at a
particul ar substrate tenperature (calibration
tenperature) for determning the thickness of a
conductive layer (i.e., Cu, etc.) on a substrate is
shown, according to one enbodi ment of the invention.
The vertical axis shows thickness 304 neasured in

pORESE WREhé Akpondd 'vb&a%er&cl‘&éﬂnéoé‘g aby @i‘ﬂs&tlﬁ% exdh ng&: response
e e

vol tage response measur ed
volingeehit itsmasiorum mltagquobtaexmﬁipltbe systeii mOrfégpf@ﬂ@eneasured

age orrelat mal | er Lhi

N5t 1 OB PR ool el B BB, sermppgre, the
rdpdridd Raddp Q:sa@rem tRpdire vasp . Withtragonslse easiig, correction
e.g., by offsetting each pro e response voltage by

prapsriisxinaYI ke PoXdelgg@sobt ai ned in the systemw th no
filmto be neasured. [0039] In a sinplified exanple,
at a particular substrate tenperature, the reported

eddgvedrr,ehyb;) HeRpENsH ~ Rl ppged,;dRiMdph+ rRagd.opadbt e, -dRy/dp
roximty correction properties, nmay be nodel ed as:

[ Pﬁp.) + Rn(d, pu) ~ Ri(d, pi) + sP dRI/dp +
R11(d, pn) - zp -dRn/dp [EQUATION 6] where if sPis

the proximty variation fromp, at the actual tinme of

whhe ifeasuhe pnmimity orarigtéors foml pr at iengctual friene bfltjpefmcmurement

the fi bet we sor nd sensor

f@.{ﬁe@@r? ro TR A 70 40 oA RO P Snsetg T gpl gsor I -

8p 1s e bxiniey VRASBE $RB0b, 4iQhe 8&0SAIme bf the ImdaBekeBhYfok Eensor

he neasuréenment from sensor |l is made sinultaneously.

HFIf randp anoefe@le ofieasiurement aﬁmnesentme Hs sngwvde seppligneously. For

d to be t S
PPt T P E e R e S BB AR Jame for
all 3bekRtdndNg. arldnp waidldbé iconsidatd Hou gﬁrpbk‘@ sfetheond@tationg. In
shown in voltage, other electrical characterjstics

addiféen, gkh @mhrtbﬁfesmebérmwnag viakirge, ofhgpalgririgak gharacteristics

[y ARSIY je a substantially identical
s@@%%g@%‘ﬂé‘t% helggqng% hal proximty R(d,pi)= R(d,p,j)

[00d0 i | m tBDthkms&s akd a@u&mﬂi loee klibstan’a'atﬂ}b'&ientical response at
ST o0 EEREP LGRSt oned bl ot o b
re@ffhblyOBond RedhESPANS &1sSERAlbAM b¥lohlor DRItA SRRSO dRpéMient
correlation functions. In addition, the response sensitivity for both sensors to
proximity variation (e.g., proximity electrical response) is also assumed to be the
same in magnitude. Subsequently, dRy/dp evaluated at py equals dR/dp evaluated at
pu 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
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proximty variation (e.g., proximty electrical

response) is also assuned to be the sanme in

magni t ude. Subsequently, dR,/dp evaluated at pt equals
dRI I /dp evaluated at p" and the proximty dependent
terms in EQUATION 6 cancel out and provide a

proxi mty independent neasurenent which can be

correlated with the film thickness. [0041] In an

embodi nent,  this may be acconplished by using a set of.
noRipddProsiENEL s beth senssws-ahtarefiors capecliggmut dgrps, theerigwlified

Joading the substrate
rﬁﬁ%&a@%ﬂ%&éﬁg{r@rﬁggﬂggg&uem ly, the filmnmay have
the sane 13 nomnal proximty to both sensors.
Therefore, canceling out terns, the sinplified
reporztveﬁzﬁé%)shpenent can be shown to be: 2V = 2R(d) +
[degﬁéﬁ'bg\l 7] which may be independent of small
proximty variations. In a sinplified exanple, for a
single sensor, ifRi(d,pi) = RH(d,pp) = 1.5V, and if

Vg%fg g%;p%\é%eﬂaént%f%@?%af 12_Le\1/ria:ti0§|s.(l%' EP isi%np-i-iﬁ%a example,
fdr DY é//s&mag;iﬁmm,%l)%ﬁﬂlﬁﬁwﬁolzém\{fdkﬁ&%ﬁi/%?ip=o.1mm,

il
[0042] Thus in an i'deal simultaneous neasurenent
theint uation this nethod vyields about 0% in proximty
error or typically about 36<0.03V. It should be clear
that these anal yses may be carried out with

appr opr- R{(@,ppheggeRry/dp-+ e @ph) g -dip/gper ti on bet ween
the two sensors in the sumin order to ensure

cancéPVat 2¥iusf* Q- ham + &1584aaY/npr 50 mmy= 3¥rms or to
paTe] re than two sensors, but the fundanental
[%(?fgég?@\f;@ descri bed remain. [0043] However, it may
not be practical to neasure the substrate at the

caljbrati tenperature. For exanple, a substrate.
l“&?%i:ess nii}u% &y G ideq nsimuftareous TREIsHERMEDh &1 Rl e hit gueghod

yliegfgn%ng% (&%gn%@ﬁhﬁ@t el of 19BNy Bh&ut BR_DRBEH 1Ohould be clear
that these analyses may be carried out with appropriate changes in weighting
proportion between the two sensors in the sum in order to ensure cancellation of the
relevant proximity terms or to include more than two sensors, but the fundamental
properties described remain. |

[0043] However, it may not be practical to measure the substrate at the
calibration temperature. For example, a substrate process may require that the
substrate be heated to a temperature substantially above the calibration temperature.
Subsequently waiting for the substrate to cool down, just to take a set of
measurements, may result in substantially decreased production throughput.
However, temperature may affect the underlying resistivity of a conductive film, and
hence affects the measured eddy current response.

[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
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Subsequently waiting for the substrate to cool down,
just to take a set of neasurenents, may result in
substantially decreased production throughput.
However, tenperature may affect the underlying
resistivity of a conductive film and hence affects
the nmeasured eddy current response. [0044] Referring
nowto FIG 4, a sinplified diagram of a substrate
with a conductive filmconprising Cu, cycled between

2080 ahihuitd, Geandirgbouin dbddientasfthe invefitidd) Theihotizesal axis 406
according to an enbodi nent of the inventjagn.

) Th
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ows the correspondi ng change in t
filrapihidkeesscmaabuctd be the ietldy chireknestonelsthisedxdypleheu has a

eddy current .syste I I s, exanmpl has. a .
RNt e Dcig s o a3 dsSt RS N isGa Jegestinde 408 moves in
od BRLERhCId-RABEE ¥ W& 4D, IRV EsirdsPondiRe c6iduetid B thickness
i1 ncreasing or decreasing, the correspondi ng conductive

(dsi menstred lhges@dy (cagenteresponse) byoveddip ther pRPRSItE edifpsHeR) For
nmoves i.n .t pposite directi l.e, °
ZBode: o nihaPebiier 3 Tt R SBurleuoPRR Sanil 2158 oc.

wahbeuhe 28mbofding Wdndectiviefilgo tHiclaRend agout AFGECA] Hewever, at
filmthickness 1s about 9536 A. However,

C t 68
abAuubB sminyies, sthss sukptate; drpRraliT &Si 3%o -192.9@8 while  the
_ or - . ) I m thi ok :

Y spBrfE et S RAE HpdheSoRatEu Mg A T (1 gknass 1s
u?hfplifieﬂcﬁhﬁgganuubIﬁcsdbamhap@ﬁmidhgamloﬁa¢ubﬁkwewﬁha
il mconprising Si,_ .cycled between 2 t
cougli e e €O o S P HEOUBT AT LS. GATBABOM T eross
260 rdififed, BYENEIG o aRREIAIhERBE Me AXErtic20Fhe hERLGSANKE 506

time in mnutes, the left-hand vertical axis 502

repegseids eiths is ulpdtutes, ehe tlefttbandatvigrtical raxife §P2aspresnts substrate
while rightshand vertical. axis 504 r ens:
CPRRHIEE Tb J5E Ai n§8ue Mibtmnd, (ERIGEERIS 504 sepresents
cIRIBE@EEAS tHOARESiH dheSttbat (A). Plott FIBPRpAIstiite charpe inkbohstrate
the 200 mnute interval, while plot 510 sh?ms t he
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 measured by eddy current response) moves in the opposite direction. For
example, at about 60 minutes (512), the substrate temperature is about 21.63 °C,
while the corresponding conductive film thickness is about 14.15 A. However, at

about 68 minutes, the substrate temperature is about 22.12 °C, while the

corresponding conductive film thickness is about 13.1 A.
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correspondi ng change in measured conductive film

thickness. In this exanple, Si has a tenperature

coefficient (a) of -0.011/degC. As substrate

tenperature 508 noves in one direction, increasing or

decreasing, the correspondi ng conductive film

thi ckness (as neasured by eddy current response)

noves in the opposite direction. For exanple, at

about 60 m nutes (512 the substrate tenperature is

[8840lt 21. eSbsequently éf tthe @@ng%gpom&lSﬁglt}z onsd msmovteonal to a
| abou

COl’IJ egy%onlaln%[ éelnS§C u]ﬁls ?ling?rg L{I‘% ﬁ% &%Y?ﬂ, Iéla -eglalzag osafnezgévq]zteeperature

rmifgd ehenhechai9é i1 SHRORGistivitE 6Nl d6hductvé 1dyet bhiaCBSsde dbe to a
about 13.1 A 15 o [0046] Subsequently, if the change

changedsmperatire in that isppetture sange nay ke medgledagiondi ng
change in tenperature for a given material as sone
gi ven tenperature range, then a change in the

reS|sb@vuhgzqéaax¢aqucifyp | ayer on a substrate due
to a change tefiperature in that tenperature range nay

[B@UxsHeMed] as: p(TT, +r) = p(TH (I + a(r - T,))
[ EQUATI ON 9] where p (T.) is the resistivity in ohm
meters of the conductive filmat the calibration

WIRIPS (’?? W e (&R gﬁ' H?l Iﬁﬁtgfss&f* i Eductivd A1k BE e cahbratlon

t enperature devi at target substrate
tanhpeergtatel thakibiatinn tresipvigt)urds the derapérsturd elemanpe raft uhe gtarget

spleLioh dhe, c8inypb LRt Bt s dbe Baigaaes; pefticient for
Iﬁ\:bébﬁdu&iﬁoﬁﬁn CiﬁgﬁéC If p@al %lﬁé’st of 8- &¢: tH @haubur M. @@39 to

degC- 1, and can be | ooke or neasurei as describ

abpall VOB e fordd cbou G081 e 46 2z cn' looked up
I[S Qgs%ge a{ltdeXCr tﬁ:ﬁrbe tln}{oeslt}él erla s 0 19%{%16 sin
e neasur ed

enpera are, resu t|ng changein
[0dampuct i vBubselieritlyi cfonesdatily benaslulbtggesi &l | t¥mperature, the
dlrectly propqortional to the neasured resistivity

respliing chapge wy e Bsesuaed 90111%98}’% &l thigkapesy IRH HS| su[bétantlally

T
dfr&?lycﬂb# ot t@{gl 1989 té?ﬁhp%&? ¥51§’c{VTtg p(T ?%d ERRTESN Rversely
pli)pﬁ(t@aalgp pl@eT@I})rati%@ﬂ'rﬁlstlwty p(Te). Thus, EQUATION 3 may be further

simplified as:

P(T,)
m (Tm )

[EQUATION 10]

—=f(R(d,, p,p(T.))

where, dy, is the conductive film thickness derived from the eddy current response
measurement, d, 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(T.)) is the conductive film

thickness at the calibration temperature T, p is the sensor proximity to the
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[ EQUATI ON 10] where, dmis the conductive film

t hi ckness derived fromthe eddy current response

nmeasurenent, da is the actual conductive film

thickness, T, is the calibration tenperature, Tmis

the substrate tenperature of the neasured eddy current

response of interest (neasurenent tenperature),

f(R(da, p, p(T,)) is the conductive film thickness at

the calibration tenperature T,, pis the sensor

dqonaudtiviet $ilrh,0 p(h@ is Lfesiticion dafc thev eoddulctive [(f{l Jat ithe calibration

resistivity of the caonductive film at the alib aLio?

temRpratuEe Jr écahbra(U@aIYF%?tb‘ﬁYérP(Fe?slser?1§ﬁlYl%0 tg\(’« TR chve ilm at
t he measur enent

‘BERE i EhotlBrE FRRHERLIAIUNS). [ ooas)

[BMIQt i tutiSubstiad EQUATION® iEQUEQUAYION 10:f ( R( da, p,

P(Tc))) f(R) d"" (1 + a(z -T, )) (1 + aAT) [EQUATION

11] [0049] where, f(R(d, p, p(Tc))) or f(R) is the

t hi cknes t uct filmon the substrate at

the cadl k& S“Qd 204 jja{—)tﬁg)— - T, or AT is the

di f f er encel it (tehplr allir @43t ween the cal i brati on

and the tenperature at which the eddy
[Egﬁﬁﬁﬁiﬁ§é§]neasured, and a is the tenperature
coefficient for the conducti ve filmin degC . For a

smal | (aAT)2 product (e.g 0), EQUATION 11 can be
[6@49% her s.vdmrer,fﬁ(ﬁdi tre: p(T()H 9r f;‘(&)amt}ue thickygss of (the camductive

e S 1561 EaRebIbRTRYY) £k B NGy theifggnoe in

t@EpdrbfiRAbitOREN GRUSETbrdtion feRiPoRiat Wind tHaYerblﬁardﬁfeea?ﬁ witich the
For exanple, for a conductive film conprised of 3
efdy CUrEHtWasTmesuEgogrd 0 13 theoemprtyrs cartiiciept by the sonductive

ﬂﬂ%al%“&egg ‘I 'n r%d%éﬂ }Zh;krﬁdu&e('é‘g“fb%t %OEQU’MT%N 11 can be

nmeasur epen ent sensor I oxi
ferdaarpingplified to:

__fR) (-aAT) _ f(R)=f(R)aAT _ ..~
" (1+aAT) (1-aAT) 1— (aAT) ~ f(R,) - f(R)oAT

[EQUATION 12]

[0050] Subsequently, small eddy current perturbations caused by
temperature may be detected. For example, for a conductive film comprised of Cu, a
perturbation of about 0.4% of the total may be measured. In addition, this
perturbation may be measured independently of sensor proximity p. For example,
proximity variations may be cancelled out by techniques, such as using a set of
paired sensors of substantially the same type and loading the substrate halfway
between them, as previously described.

[0051] In an embodiment, an electrical response of a reference 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
17
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proximty variations may be cancelled out by

t echni ques, such as using a set of paired sensors of
substantially the sane type and | oading the substrate

hal fway between them as previously described. [0051]

In an enbodi ment, an electrical response of a

reference substrate at a known tenperature may be

used to correct the electrical response of a target
substrate at an unknown tenperature. That is, for a
stilgfrateenc e sublsgintially simiama buangi&howd eGipstabst,r hute whicha have
substantially simlar but unknown tenperature

, but
SVl lE e SHRDIPHIVICATFYORREO SaRRPFRLITE Ehiee, and 4 set of set
o%‘: g%lﬁgﬁﬁgnt Qurfest 4P ﬁieg%éf%x%n@@ aNgfrat@nd A @8nOfeniRbaturef the

ration curves e reference substrate at a
rdsinninity teompetiat p(R)/ pfa) foeshes targétt snbetoate avdyi be dgeTmjned by

™ f : determined b
B RBtns B UL B ERES B ENABE T of Fove:
de-rej = .f (R(d O, p. p(TT))) [EQUATION 13] T
d,,-,ml =f(Rd,p, P(T,,,)))= P(Tm d~ ,el [EQUATI ON

14] wheres fQ&(d, ep, p@.Dhe nmeasured conductive film
t hi ckness on the reference substrate at the

[EQUABNAGN BY] tenperature, which is generally equal to
the actual conductive film thickness da, and dmref
is the neasured conductive filmthickness on the
reference substrate at the measurenent tenperature,

p( Te},Lg +HerR(a g, P(Tm\bbﬁﬁl—zi:—tdkemfr ef erence substrate
at the calibration tenpef Wre Te, and p(T,,,) is the

StV of the reference substrate at a nmeasured
Uﬁ%@ﬁ@ﬁu’% Tm which is al so substantially sinilar
to the resistivity of the target substrate at the sane

tenperature. [0052] Subsequently, assum ng ? r ef ergnce
whelss ferertie thesmedsnre Hetis kgy ghigkness ga theie; egpijcg subsirate at

tht%i éghh&'aoﬁ qaxg&u{ugg NenitiP 5P QEREaIRS A 3 9L . SWITOh @i &ive film
hen"a change 1n the Tret&rence conductive film
thidkinessnés and df,we énthe medsutedatdndnctavedfiime dsdkresent the reference

SLﬁ)g{rrgtg (rﬂ? tt]rtqur.| gleégﬁ%;geﬁftgglg?%?&rle,o np(ﬁ"scits %!;3 rf:rgas)[/ivg}(le o?%}?edretfgrence
substrate at the calibration temperature T and p(Tm) is the resistivity of the
reference substrate at a measured temperature Ty,, which is also substantially similar
to the resistivity of the target substrate at the same temperature.

[0052] Subsequently, assuming a reference substrate is configured to have a
substantially similar eddy current response as a target substrate, then a change in the
reference conductive film thickness between a calibration and measurement
temperature (auto compensation factor) may be used to correct the eddy current

response of the target substrate. Thus, EQUATION 14 may be rewritten as:

__p(T)

=n2<L £(R(,
m—tar np(Tm)f (R, p))

[EQUATION 15]

18 o



response of the target substrate. Thus, EQUATI ON 14
may be rewitten as: d m,ar = 77 PST ) .f (R(d, P))
Tm [EQUATION 15] 18 0 where, 1l is an auto
conpensation factor de-rendmref, do-ref is the
nmeasured conductive filmthickness on the reference
substrate at the calibration tenperature, dm,ef is
the measured conductive filmthickness on the
reference substrate at the neasurenent tenperature,
(T) IS the resistivity of the reference substrate at

calibra T s the )
WGe. ST A P PO R P B st derl i e phesstet] Fpductive
fIEMPeIkALSY & tHE refiiéhce SUPGRtIE the cBNbBratibh fdr distdﬁ:l 8¢, is the
the resistivity dependence as shown in EQUATI ON 10,
meagd pepdedivg flogndrickagssoen &m@&rﬁmmwﬂrﬁﬁ tahthelmeasyrement

térﬁﬁ%a%u% e;')(qgf PSPP% Ees%s?&&t% oqptfxg artg rence su%%é#at% a%tltﬂg caPEratlon

térﬁﬁlﬂéfﬁkeﬂﬂc h6d pfﬂ,@ﬁg]theswgﬁhvfftjdbf ﬂg: IEMeQﬂbgtﬁatd: at ® measured
EQUATI ON_16: , dcrc) PCT (R
tespperatyig Tmepnq;(sqnce)wc( vpexpligitly [n[:_qgg ris,a];tn[lggg‘;pr. ci)eﬁce as
SRR Y8010 ORI e,
imdepentdenngf @mpeaturef Sul3dtutiap de@tn:substrate. I n an

enbodi ment, dmref of the reference substrate may be
nmeasur ed by an eddy current sensor after neasuring
dmtar of IE z substrate or the average of the

bef ore,_ ,grnd—i'éit H(RedH, ppasurenents may be used to

mnimze efrogsPdue to tenperature drifts during
neasurenent of nmultiple target sites on the substrate.

[BRUAIACNGIA y st at ed,

[0053] Substituting EQUATION 14 into EQUATION 16:

d —ref
- (p(T = j ppg)) F(R(, p)) = F(R(d, p))
c c~ref m

P(T,)

[EQUATION 17]

[0054] In an embodiment, dp s of the reference substrate may be measured
by an eddy current sensor prior to measuring dp.r Of the target substrate. In an
embodiment, dn.rer Of the reference substrate may be measured by an eddy current
sensor after measuring dn,.ior Of the target substrate or the average of the before and
after dm-rer measurements may be used to minimize errors due to temperature drifts
during measurement of multiple target sites on the substrate. As previously stated,
and in general, measured conductive film thickness is related to conductive film

temperature. Hence, in environments where the temperature may be changing, a
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and in general, neasured conductive filmthickness is
related to conductive film tenperature. Hence, in

envi ronnents where the tenperature may be changi ng, a

19 0 good approximation of the reference substrate
conductive filmthickness dmref , at |east for

pur poses of cal cul ation, may be derived by averaging a
dmref taken before the neasurenent of dmtar, to a
dmref taken after. In an enbodi nent, the reference
geoibapprakindtdnaotsiel deferardisapstpae cofiduk tivafilButhickness dm ref At
conductive filmthickness that is p03|tlonegnrel %
ecaét fon @umoswfe%@sla@%ﬁgaYn%ﬁierafeg.bvéﬂeﬁiam&a reg efore

%sﬁ?etng ent OF Eafm’a t%Z lr'l&"é ¥ takQP2%k, Ihn al?@rxﬁﬁgﬁl%rﬁetﬂé reference

ness conducti ve
sum;haw Bt € smatlhlaadipg mell of nofm dondowductiee fﬁlhrrﬁnchly:ssbthat is

be determ ned. In general, a measur
pe%%f%eﬁtrekaegﬁm@ %rﬁnaresmgtqnaf“san %%‘V%B%m{ ARt df%%ﬁb%t@aé? fo be
nibgggpses of all conductive filns on that substrate.
wever, for a set of conductive filns, each with a

[i56T er ent Ir @si embodlmynqo the ﬂhcl:r@ssg)eﬁta tacget evopducitvarigdm an a
|In1 current

rtlcul nduct nse_na
R crif s pEGARoEt Frndpictie TS, BELIE ek hP QR 1
gér%%ﬁoﬁsrﬁeﬁﬁreﬂ Sidyf QiR (bHIRYS 8k W Qbstriieinelubed thet dipregate
nber of conductive filnms on the substrate. In

rqspmstess okalt mdbetm/ﬁkms ot thtah@lbstratm Hoxveer, dorshegt of conductive

ﬁ{}g egeli {}le éa ent, esm?l% %%ﬁb%spgeg}rgg fte%?%éré{t%re a particular

cHRNBeRSAln @dki)f aGrrét rambh@eaﬁ)lay e)isdlined byemersacing itrcapgrdgate
does not depend on the know edge of the nungerica

edgly| Gé“?ft YeRRONSE e P adifiicEent JEmPPI@IUERY , WHRIE BriSythe hiamber of
R Tt L R A T LT

clzapgain NG daanie dedcribed byoef éffaitenttemptatise kotif@iont g@rilThe
t hi ckness for a conducti ve f|In1substant|a

SAESHPILe SPIRBETBALon BSHITHIPREPaCD M hEhBe a%%%ceo% dpgsgnot depend
o S@é%ﬁr dec Pt d%rf?:ﬁf Hu tﬁe t SRR e kG TERR WhEthat

nmean conductive fI i'ckness in Angstroms
thé A)ferehed $am;pie beleak lkeitse ﬁf@t s\laﬁws effective

eratuge. coefficie substrat e w
(Op$ 6 5t acRELCFHEE HOF 15 BI-d ARGt g oA i pRgrature
co\éﬁtdi@nt of, {ohgubduRP ehdhlifcleRSS fﬂ)lc 28 Rbn@icBVS SfiEe g@bgt@ﬁtlally
. The curve 612 shows the variation in
comprlslng 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 (a) of the
substrate with film stack. The horizontal line 610 shows the nominal value of the
temperature coefficient 0.0035/degC for Cu. The curve 612 shows the variation in
effective alpha for the substrate with film stack. Right vertical axis 604 shows
reduction in 3¢ variability in Angstroms (A). That is, the improvement in eddy

current reported thickness repeatability caused by correction of 2-3°C variation in

room temperature. This improvement is shown as point plots 608.
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effective al pha for the substrate with film stack

Ri ght vertical axis 604 shows reduction in 36 _

variability in Angstronms (A). That is, the inprovenent

in eddy «current reported thickness repeatability

caused by correction of 2-3C variation in room

tenperature. This inprovenent is shown as point plots

608. 20 [0057] In general, above a certain threshold,

as_the eddy current response due to that target film

[P eases Ipezegerah aheive leesertaimduesholds aitheeddy fgprrent response
fechi e r. re.coefficient (a), of a.condyctiyve. .

i) Bt GupbHREBMESS TR L IhERY (P om0 " Lt Bave

térapaeued uoetticiort {o) cdfedicotdctiverfilin) @howR MUY @phriohies the

shown by 610. Hence, only a relatiyeuy smal | nunber

ngmipal feppsraiaressaepii@ent gy fsdhpteapnivasiyetfdms shown &y 10nHence,

ve - filp
o RS SRR e e P S pBOBCHEMR ) kPt e

ety Curgmmn eespohse tdepasdbucsd ddndugivectilsi tickaksd. MBhe actual number
n desired, as well as the

enperature . conpensat i
of Frieiees SaPRlsgevidr eneealtadgeandeomdhie Presésion 1ok the feperature
e I r :
BBty PR, SRR 0 L0 BRPRB i
Fenetainile thetonpwtatuvhtémpérsatian fperopper fibnglesaitian 40804, at

- A000A, si gni fi cant .i t L.d bt ai_.ned with
61f drgpe il wpdfnd sEgI U TERpie SUpAP SHPEKASS sfegter than
~A00D A sipgigicatt iddrSRBent THEIIR Sthihed with 4 %ﬁgn%%fé?g{de%&ple

correction coefficient within the small er o

withfeopperchickapss! imstheapnge o d9etP0Ao THehselastivh naft de alpptdpeiate
Id=m thi ckness fr t he uncaorrected first
oRREAE sherth LR S b biFor (Y Rh8a SAwbliichay be based
orpthe \esimate)of MR tar @1 €1hn thitkgeREFdth theuntdastied direda¥asurements
rrent _response on a substrate includes the

m%g@?%%%ﬁgnresponses‘of al | conductive films on that
trat : ct LV
OB s YR Py ik oh SOBANS) S0 By uren

respompe paksubstrage peitdes thaaggaregatkl edspumses of all eddyudtive ifdms on
t he aggregate

response be ispol ated by neasurin .
(g PSR P REPOREE S8t Al CARFIPErtinerfBek AYidR s different

ORGP with felifch WTRApREufORAUEHINE {drllBi R GIN dd t
resubé?}gté. J%%Cthe c&%dugtive films have different oo
respeRfsemay Lheeiseletef by immarwing Hiesaggneasteeddily omyertverespomed at n
dﬂlﬁée}glgtl l}%l&gﬁér%{yr%sgﬁ@g%hrgg;qg«% %#%E%rg{f ctogguc?gfg%lr%lél ro%%ﬁet: substrate. If
the conductive films have different temperature coefficients, this knowledge may be

used to differentiate the portion of the eddy current measurement caused by different
films. For example, a substrate with two conductive films (i.e., Cu, Si, etc.) may be
measured at two different temperatures, in order to substantially 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:

21 o



films. For exanple, a substrate wth two conductive
films (i.e., Cu, Si, etc.) my be neasured at two

di fferent tenperatures, in order to substantially

i solate and thus determ ne the eddy current response
attributed to one of the conductive filnms. [0059]
Subsequently, at any given tenperature T, a substrate
with two conductive filns may be nodeled as: 21 a V =
R(d A-cFl "Pl Pcri (Tr,)) + PPR(d A-cF 2 , P, Pen

(I W= REGRTH ML 18], hered da.cplpl s act ual

t hi ckness of 'a fitst conductTve fil'mon the reference
ﬁaybaHH@Nag]dA-cez is the actual thickness of a second
conductive filmon the reference substrate, p is the
sensor proximty to the conductive film PCFl (T) is
Vx{lgl%l gLiyvi; Eyth actutaEghit(‘l‘ﬁ.r;ég oFOPeRGt éo\ﬁ%uéﬁ‘}eﬁﬁﬂ'& Gh the reference

et Ur e pC NS resistivity of the secon

sxﬁ@ﬁdﬂdpcﬁ/{ ME 19c ihk rcaik] thikneesngfer sdcaned cd’nduBthsﬁhn on the reference

conductive filmthickness dependent ati
PSR 1 B BT ECTURS TPl SouEnyeSE b kThE r\fieffy’lty of

th%hﬁfé{( cGRRBEVe Y rﬂt rb??érﬁ}ﬂar&tﬁl% reppsr@a yg @es@s‘%ﬂﬁw S the rbecond

Substrates as shownin the prévious figure), and
corﬁluetrdsGWﬁhmrat et tarmpaiwseT,l B iv el ¢eadugtpeelim thlckness dependent

t tutin AT Tl ON
rafip (7 2R PCIEOUREE Sonpueye (B TS0 CRen (4vqfy i copper
d&ﬂ_l’nai)in% f MuObe MR BIr Eonl Si isBibdthtest &TRIRI WAL Wi @h@fprevious
he eddy current response is neasured, T. is

figure), ead Vois addyoenrrentrpspensgrie VORECFI Qis r eS| stivity of

DD <ccontTRBRHER EGUATPN 1RRRFQUTIQNER' clr rint

response of the first conductive film at the
calibration tenperature, RGCF2 is the eddy current
r esppns @cofled he sqpéhd(@b ctive filmat the

cal i brapj,off, y efp8rapyrer )B F§7a conductive film

t hi ckness dependent ratio, and V is eddy current
[EXESHOHIN 1Dh volts. Thus, for a substrate with two

conductive filns at a given tenperature, there are

generally two unknowns, RC CFlI and BRA-cF2.

where Ty, is the temperature at which the eddy current response is measured, T is
the calibration temperature, pcr; () is resistivity of the first conductive film, pcr2 () is
resistivity of the second conductive film, Re.cr is the eddy current response of the
first conductive film at the calibration temperature, Rccp is the eddy current
response of the second conductive film at the calibration temperature, B is a
conductive film thickness dependent ratio, and V is eddy current response in volts.
Thus, for a substrate with two conductive films at a given temperature, there are
generally two unknowns, R¢.cp; and BRe.cr2.

[0061] However, if the aggregate eddy current response of a substrate with
two conductive films is generally measured at least at two different temperatures, the

eddy current response of an individual conductive film may be determined. For
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[0061) However, if the aggregate eddy current response
of a substrate with two conductive filns is generally
neasured at |least at two different tenperatures, the
eddy current response of an individual conductive film
may be determ ned. For 22 0 exanple, EQUATION 19 nmay
be re-witten for two aggregate eddy current
nmeasurenents taken at two different tenperatures as: V
=Bl Rc-cr | + C /"ARC-CF 2 [EQUATION 20] V2 =

e F}eQTEme- GBZ maly EQUAENGINtehl [fomhebeagdibgate eddy current
PcFl (Tc)/ PCFI(Tl), B2 = PcFI(Tc)/ PcFi(T2), Cl1 =

RS PEIERTs WeerzE Twg diffcpent terpparatunes)as: pcF2( T2). [ 0062]

As commonly understood in the art, EQUATION 20 and
EQUATI ON 21 can be further sinplified using Cranmer's
Rule:y M@ V2 VI.C2 -V2Cl) Rec-cFl Bl C (Bl C2

- B2Cl )l B2 2 [%ﬂb\l 22] Vv Bl V2 B2 (VIB2 -V2Bl )
[EQBATEN 20] Cl B, (C B2 - Cz Bl ) C2 B2 [ EQUATI ON
23] [0063] For denonstration, this equation can be
further sinplified in the case in which one of the
eddy ;eurept r e measurenents is taken at the

cal i bvrgza_t ?b)rgf‘” FEBR

[EQUATION 21]

where, B = pcri(Te) pcri(T1), B2 = peri(To) pcri(T2), Ci = pera(Te) pera(T1), Co

= pcra(Te)/ pera(T2).
[0062] As commonly understood in the art, EQUATION 20 and

EQUATION 21 can be further simplified using Cramer’s Rule:

e
R G _ G, -MG)
c-CF1
B, C (B,C, - B,C))
B, G
[EQUATION 22]
!
_» Bl _ \B,-V,B,))
ﬂRc-CFz - -
Cl BI (Cl Bz - CZB])
¢ B
[EQUATION 23]
[0063] For demonstration, this equation can be further simplified in the case

in which one of the eddy current response measurements is taken at the calibration
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23 a tenperature. For exanple, if Tl is the

calibration tenperature (e.g. Tc=Tl), EQUATION 20 and
EQUATI ON 21 can be rewitten as follows: V = R -CF] +
fRC-CF2 [EQUATION 24] V2 =B2R, -cFl +C2/ 3RC- CF2

[ EQUATI ON 25] where, B2 = pcF1(Tc)/

PcFI (T2) =(1 +aCFl AT2) -1, and C2 = PcF2(Tc)/ PCF2(T2)
=(1+acF2AT2) -1 [0064] Again, as comonly understood in
the art, EQUATION 24 and EQUATION 25 can be further
tepgriatuiré.e dFors iergmplea € rT s isRtlhee calbration/@2mperaire GR.g- T2T)),

BQRATERY 200 AN Tbh o eyriagh pioved) o o

[ EQUATI ON 27] [0065] Expanding, for exanple, the
denom nator of EQUATION 26: 24 o V(I+aAT) ] -V2 R

-Cri IGR2Re ol THHC. AT, ) " - (1+acEl AT, ) -
[EQUATION 24]

Vz = Bch—CFl + CZﬂRc—CF2
[EQUATION 25]

where, By = pcri(Te) peri(T2)=(1+ocrAT2) ", and Co = pera(Te) pera(T2)
=(1+acpATy) ™.

[0064] Again, as commonly understood in the art, EQUATION 24 and
EQUATION 25 can be further simplified using Cramer’s Rule:

i o)
R _ Vz Cz - (V1C2 - Vz)
c~CF1 ™
1 1 (Cz - Bz)
B2 CZ
[EQUATION 26]
'K B
V, B -
PR _cpr = C2 ol = i85, = h)
1 B] (Bz - C2)
¢ B
[EQUATION 27]
[0065] Expanding, for example, the denominator of EQUATION 26:
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[ EQUATI ON 28] Further sinplifying EQUATION 26: R -cri

V (+a('r2AT2)-' - V2 (+acr2AT2) (1+acr2AT2)-'
- (1+acr AT2)-' (1+acr2AT2) [EQUATION 29] V,
-V2(| +acr2AT2) R CE] 0 + acr2ATz ) (1l+a(,.,,,AT2)

[ EQUATI ON 30] where RC-CFl is the eddy current
response of the first conductive filmat the
calibration tenperature, aCFl is the tenperature
coefficient for the first conductive filmin degC 1,
aCF2 is the tenperature coefficient for the second
conductive filmin degCl, AT2 is the difference

bet wegn t he cali(btrat.j@7, Y enperature T, and the

meas ureed! t‘qqrpgga}&gt;fﬂ I@Hy 'M;)tlhe aggr egat e eddy
current respon$S€ af’ the cali'brati on tenperature T,,
[BQUAMAONS281he aggregate eddy current response at the
neasured tenperature T2, Note that if one is only
interested in conductive film1, no know edge of the

I thve. t o b Ut .the two filnms (i.e., (3,
F'é‘ﬁ%&)snl}{ghﬁ%ﬁnggéﬁ%gérmy now construc(:t t he Smr mal
correlation functions based off of RC CF] as the
substrate and tenperatur e i ndependent eddy current
resplol{wscgu__e_\nd tﬁglgae@frﬁ)_aﬂf/; i mpribyed-Adely current
resulte-%uc ( -1 I.C 991+ @G1) Li kew se,

t he eddy cmfgﬁftz gréjspo?sta Férngeci(cF%Q%asl)be shown as
[ROUATVOBHZJr 2AT2) -V 13R _cF, (1+acF2AT2) -1 (1 +
acFl AT2 ) [EQUATION 31] again where R .cr2 is the eddy
current response of the second conductive filmat the

R _ Vi =V, +ag,ATL)
~CF1 - (+ a,ATy)
(1+ o ATL)

[EQUATION 30]

where Recp 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'l, ocrz is the temperaturé 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 Re.cry 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.cr, may be shown as
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calibration tenperature, f3 is a conductive film

t hi ckness dependent ratio, acHis the tenperature
coefficient for the first conductive filmin degC-1,
aCF2 is the tenperature coefficient for the second
conductive filmin degC', AT2 is the difference
between the calibration tenperature Tc and the
neasured tenperature T2, V, is the aggregate eddy
current response at the calibration tenperature T.,

and V2 is t r tereddy current response at the
neasd%&dggeégﬁjég a2, 94 f both film signals are
desi red across “cant differences in film
t hi ckness, onfn@&yABonstruct wafers to neasure the
relative contributions to the eddy current
nmeasurenents as for the filmstacks of interest. For
[EQWWITON B1 1t he case where a copper film (CFl=copper)
is primarily varying across sone range of_ thicknesses,
agpia Wheye detcerifithfeeddy(aErt 1espruse of Hie sesengecoptustiiedilasat the
: relati | : 30:
gt ot SU) BRI niSRREE BRI R ks he
tdinpdralute edeffRidhosfor vkl dus tohductiné chinesisededy', acr, is the
di vidi ng EQJATION 31 by [3(dc-cFi).. [0067 ef @rri.ng.
terpRFTRiyTeE cegtipient; foy ¢ jserouy ﬁ@%%&veaff%abtl rﬁ% i ngAﬁzg is the
diAR EXRER B fle EhEBRHGP tdofe 'jf'caa)ﬁ%rthé’ the@sir8d @8dperature T,
substrate, the target substrate further having a
Vs é¢ tirchggrmgela ctlily eutrent eespossesti dlmngalibcationdémpereturaihc, and V; is
enbodinen%g§f the inventio '

. Initiall at step 2
U SESRTOHE G AEPOBTs U S ouR BhE e L gl B fim
sipAslst hi@Ndésdledt 4otBsst QighiTReahBldféreftaStd dlS. th¥ERdess,abne may
Step 704, a set of sensor electrical responses is
consar evhfars & fineasura dheetelaliviss coritibutienspée athgr eddy current
Next . at st 06y,..a c ) e I 4
g om0 G SRS Hos BAbIe fidh case where o

coep gilat (O =ceipek elseplimbfiynvdrimef dcksds soafeg@hgs ubshitlkiesses,
tenperature. Next, at step 708, . a third 2;% of i

org Bay deterninedéGampeyer thegangg phiptsgesh ahdigsedhe cemelatiomgesults

bddeli S I@(?QA%BW?? 38 He@im#Al %ﬁtédfd?aéurreﬁ ER. BNhrhalized
tenperafure coefficient of a fifst conductive Tayer

adrossatdripus Atm gtidmes@i Oy dividingi EQUATROMNAensP(dscr).

rm ne romthe thi gV t of electrical, responses.
875 [o0cBrtwing aobhie Hifk ohis GHPLESH aisinge o€ PR e o
thi&ness Afa SRV &5fluc¥Efa9ér §ifla t&%@%ﬂbé_ TR, She fah®% Quistte further
al terations, pernutations, and equivalents which fal
haniingh iarseceride colugévafayehiis showmnadcording pn sioembodimsst pé the
inggrtlt?odn. tIrrlll?lgll};, ha rs%pafO%, Tt g(lcfyec!ur}?etn% ¥&hsor 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.
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ways of inplenenting the nmethods of the present
invention. In addition, the inventionis not limted

to a particular sensor design, nethod of detection,
excitation frequency, active or passive electrica
conmponents or any other peculiarities of a sensor
vendor's nethod of reporting a sensible signal to be
neasured. Al so, nore than two sensors may be used.
Furthernore, the termset as used herein includes one
[@068jor e ofWhih@t}man‘ﬁrdntmdrehmrﬁeemfdeﬁdnéyed @i terfie of sovamd lpegferred
a set of "X" fers to one or  nore

| m@@é’ﬁl@%?eéhf‘é? S T PR O B AL S hich fall within

t}?eo&%g?tolﬁhlg QhvenfiBh] HsRbAE A & ﬁg&:ﬁ &Rl thérR SRORBRY taﬁeﬁ‘iatlve
set conductive layers on a substrate. Additional

wagty aoft agplsmentiigidie trheherse obithe giredent ehyenkinex ire rasldm@n the

1@% nent ﬁ.,lga fté%{t?@?ﬂ)fl m tgggsqér% 8‘%&2}5(}%‘ %@gt(ﬁ:&lon X tation
ﬁ?f%dl : ?Sg&v%xﬁnpe{s@ﬁ% SRedi 'E%H{p%n&ﬁg ok bﬁy kemdr p'é‘éﬁl‘i‘antles of a

cations and vari ati ons ray de to the
sedlssrc vested’ senttbod wémemrivhg h@ens&blmasngnahgo wE migaguredeAlso, more

kg\%%ﬂ%rgsdl&l% %rléltse(gﬁ;‘ugge | nV%Et o %éasdﬁ%fgd h%jelrg C ulags one
oﬂﬁfoﬁ@gf Ok ndel8 elnind 8f thefdet. SFort é’idaﬁ{fil‘@%sseﬁf)f ‘ax’t tof&k to one or
conduct i | ve layer formed of a first conductive

moet €Xi'a on a target substrate, said target substrate
her | duct i
e oA BT ARk AUl B Rld o

oSt M ecledmtiedli @bporgonpra $kNgf doadudtiveniapers aorf iar stbstrate.
eddy current sensor at a given position relative

Adensi' i Geeedubokii e, SsaaSRITSY et FuKteagrine
Iy Lndt R AR Sl b AR bbdbpiipspect Lo

arget substr en positioned at said given
[00G8] ti on; Hiaemgudlsn@,sedJsemmpwydembo@meatﬁdyinduﬁleeibﬁst mode,

or while said first ,eddy.c i S. .
RO go PG ARHIAR I PepBET [Brine en Lditipents while
refl86hs MWitin (IRSRBRSEEnd §fit of fh@'lﬂﬁ’@ﬁloﬁtas'd@ﬁﬁéd By éheOfollawing

first voltage neasurenent and a first current

clawzssur enent, said measuring said first set of
el ectrical responses being perforned at a first target
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substrate tenperature; neasuring, using said first
eddy current sensor while said first eddy current
sensor is positioned at said given position, a second
set of electrical responses that includes at |east
one of a second voltage neasurenent and a second
current neasurenent, said neasuring said second set
of electrical responses being performed at a second
target substrate tenperature different fromsaid first
target substrate tenperature; calculating a third set

| responses using at least said first set
\gpmlgﬁﬁé?%fgal responses and sai d second set of

el ectrical responses, and a first tenperature
coefficient of said first conductive |ayer, said third

set ot metlag of desgrminiag sofisedickapyseafen irsh gonduspnisaer formed
b b f
ofgygi%s?rgg%gﬂg}%%%{ehgwoﬁ A adg% E‘LﬁJsg?tﬁl Ll té%r%f léﬁlggtr\é?e (fJthher

termning sai rst 1c ne roms
hahing & ssedndéorrluedite lagat foresp of &%con&&orﬂluamveﬁheteﬂat dinﬂérent
of claim1 erein saFS target substrate has N
froghspid {irsy &op bye magfrias GaIMEF "Sivher eby N is an

' nte §§mo§1 da ek eerd rUuﬁQntS L dof bf n’a%ﬁéH Fsh& ré?gtl\%afo said

firs con ctlve I nvol vi ng I ng” at | east

tarpasubstneet idafirdtl eddff fcarremﬂ sens@npeng@ inp espaced-aphit G'elatlonshlp
erei sald third set .of electrical

t hod of cl 1
Wbl st il alfPEE st ogeoed S S fosdiesar )
R @Feasuru{gl udin@ GhidATRt dddyledrtent séfsor whtlé s)udvﬁl@f &1d% current

,-CFl is the eddy current response of the first
sepePid ifc positéortedl] ah said ghven peaitiobr atfitsh sqtewfp@lﬁqtlmleresmmsq:s that

1ng§1n % b gti legs%% F g rfeI'S Zfélfg’cl E%llegsrb%gggnt an, ?ﬁl efflrg{ (r;rpt)reelng{ne?surement

sdid ﬁfefablﬁlrtg’lial(f fifst tsbleofseﬂédiﬂchl GeNpAHEdsibengf pdridrindd afl@ Plestltarget
AT2 is the difference between the calibration

sbsHpfs igppsratute; and t he

measuring, using said first eddy current sensor while said first eddy current
sensor is positioned at said given position, a second set of electrical responses that
includes at least one of a second voltage measurement and a second current
measurement, said measuring said second set of electrical responses being
performed at a second target substrate temperature different from said first target
substrate temperature;

calculating a third set of electrical responses using at least said first set of
electrical responses and said second set of electrical responses, and a first
temperature coefficient of said first conductive layer, said third set of electrical
responses representing responses substantially attributable to said first conductive
layer; and

determining said first thickness from said third set of electrical responses.
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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. 4. The nethod of claim3
wherein said determning said first thickness includes
correlating said third set of electrical responses

with said first thickness using a set of thickness
correlation curves. 5. The nethod of claim3 wherein

2sai d Thetméhod bf dkine$ Sviepdin chidtthrget substras has Bl conductive layers
cal cul ated using a nathenatlca opt|n1zat|on funct

alipgatharoVhereky N it R dRiRss siof delgmaining said e Agleiepyef said first
r: iQa s

chRUENY fofr” BTy [t ] e P e SEPABE Sar py different
témm&Muﬁsnductlve | ayer. 6. The method of claiml

wherein said first conductive | ayer conprises at- | east
one of alum num copper, and tungsten. 29 o 7. The
3Bt hqgle Ghiefib@IdP daithar @Jh@re'ﬁ?'sgldf ihﬁx%lt set e5f BlbcBikBCdsh&Rks is
responses represents a set of electrical responses
cdlbadbtehdasddemn corrected for proximty variation

between said first eddy current sensor and said target
substy at e. V8.~ IAfl fawgahgoment for determining a first

t hi ckneg's of alfia sjAGpnductive |ayer fornmed of a

first conduétf‘@:ﬁﬁf@?‘al on a target substrate, said
target substrate ‘fbrf er having a second conductive

| ayer formed of a second conductive materi al

ifferent fromsaid first conductiyve teri l .
whefspr Keimgs B eéawwr FPOREn Sbr et gio caRttive, Gy ah the
a?ﬁb SAtionOBmbelaftirt V& & 8R t@m%)@fagﬁé coefiRdnt #6:LtheSfstconductive
rst eddy current sensor being in a spaced-apart

filne hIati@gQ]SI’Mcpz wthmtemp@sepmmthe&usmtcm ﬁngecorﬁumu@tt\@ film in

|d f dd r ent sens ositione
aor 3o hodErshce PRt sR Eibhrih IRRAERET S e
m@is%%dtbﬁ@braf&é FONsEs thesaglgfjegﬁter &ldy $@freMfrelonsé 4t th@kalibration
responses bei ng neasure u3|n% said first eddy current

tempaEgie whi laad SV @ fher ageregpiy eddyirqueient &espepse ftsthe measured

d at said given position, said first set of
mR@%ﬁ%&?ge responses being neasured at a first target

substrate tenperature;

4. The method of claim 3 wherein said determining said first thickness includes
correlating said third set of electrical responses with said first thickness using a set

of thickness correlation curves.

5. The method of claim 3 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.

6. The method of claim 1 wherein said first conductive layer comprises at least

" one of aluminum, copper, and tungsten.
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means for storing a second set of electrica
responses, said second set of electrical responses
bei ng nmeasured using said first eddy current sensor
while said first eddy current sensor is positioned at
said given position, said second set of electrica
responses being neasured at a second target substrate
tenperature different fromsaid first target
substrate tenperature; means for calculating a third
set of electrical responses using at |least said first
et elecirical responsges and .sai.d seco ef.o
7ZI ec?{; he 41 ecifr‘%ds pogn fam n‘éfﬁ%re]fni P%‘? Es r&;zrcgﬁﬁfég{nca{ Tesponses
reprbditciaenét 6f escdiribal | lesgons@N et hadebéey Bbrrectdl dort Prd:dmity
set of electrical responses representing responses
@gigyem petivern said firytiepdy ewrent sensensnil $aid wroet swhbtretel ve
| ayer; and neans for determ ning said first thickness
fromsaid third set of electrical responses. 30 o 9.
8The oAl anrggfeRtnt Gdr ddteaimiBgwhersethiclarbdof afigftconductive layer
substrate_has N conductive |ayers altogether, whereby
fRpm aﬁ aj fiisk gerducéixe anaferialr o i aELes Aubstrate, seid TR nebstrate
herslﬁa!vﬂx%é rsééonﬁo&%uﬁéﬂ%ﬂag@ryﬁﬁmkﬁ]Y)?lavée'agnﬁ PR material
east N measurenents at Ifferent tenperatures. o
difiereair fram gaiddirst cohdwdtiemBendipeomprisra:d third set of
el ectri cal responses i.s calcul ated based ogﬁ: AV
-V, ( £R ¥ /_Qpﬁlje t Qnsg:plspgsegla;e?c ggfgfrzaosmﬂ}_,rg yg—]s(z)sald target
sUbRhR:, RbidChist kddy BBr&RNEnSIH BERY ik GSHAPKLaREt FMRiohbiiB twith
conductive film at the calibration tenperature, acF,
r¢spegtiie spiinforged sulbstratcowhén said rfirstt eddyt dvereri s@tsor is positioned at
<&an %ﬁtkﬁﬁ filmin degC 1, acF2 is the tenperature
Co&t 118 f or the second conductive filmin degC 1,
AT2 infeahiforGidringl £ s WRRR i dall espahdelr Ald ARt set of electrical

tenperature T. and the neasured tenperature T2, V, is
resHRUSSH Griag apeaswigd \sigr jeih first edhn Aeisenitsensos vdulei Bidafirsoaddy

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 measured at a second target substrate temperature
different from said first target substrate temperature;

means for calculating a third set of electrical responses using at least said
first set of electrical responses and said second set of electrical responses, and a first
temperature coefficient of said first conductive layer, said third set of electrical
responses representing responses substantially attributable to said first conductive
layer; and

means for determining said first thickness from said third set of electrical

1eSponses.
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tenperature T,, and V2 is the aggregate eddy current
response at the neasured tenperature T2. 11. The
arrangenent of claim 10 wherein said neans for
determining said first thickness includes neans for
correlating said third set of electrical responses
wth said first thickness using a set of thickness
correlation curves. 12. The arrangenment of claim 10
wherein said set of thickness correlation curves are
cal cul ated using a mat hematical optimzation function

that relates a thi ckness of .said first conductiye .
% ay erlhgi arrRngerpenirofi olain %fW}&“’éBtsﬁll%ctéTgeF é%&?gﬁgegsas N Conductive

l?}_‘%@&'ﬁ tHef \pﬁ‘ere RE fsant gﬁéée}’ ald bt Mlﬁmgesafcpﬁ&@itﬂ?kness of

irst con uctlve ayer. e arrangenment o
seiddimt @mhetivei laysandolbingshaldong dukehst\Na neaywemeningt Nsdifferent
- at | east one of alum numand copper. 14. A nethod of

IFRREIHSTi ng a first thickness of a first conductive
| ayer formed of a first conductive material on a
target substrate, said target substrate further
1favi dge ainrahgqsetnt af stgond wheredu saifl eird asteof dlentmnesd responses is
éeﬁpgg uctive material different fromsaid first

are] (Hbierlal conpri sing: measuring, using an

eddy curre [ d osed proximate to said target
substg, acl;,ﬁTl?} “bec %Hsets of electrical responses
at two diffar substrate tenperatures;

cal cul ating a (layerssheci fic set of electrical
responses fromsaid at least two sets of electrical
responses, said |ayer-specific set of electrical

whERPORSES is 'BRTRRISNEUrRGt E§RAES @F thelbmkARbAdIctiVe film at the
attributable to said first ‘conductive layer; and

cailéxr@rqm ﬁqmpgra@aﬂda@m % metsslpﬁra@nﬁ s:aﬁﬁlcncmy dor ﬁpefi;t‘sﬁ genductive

ect ri responses [
5 infesClceniodtt i hBr RO e R0t B ebiy@hR i in
défﬂylér,§T§|1§ apetdifferentd detldenNites cﬂfbratiﬁrﬁg@ﬁperst&rdj T. and the
termning said first thickness of said fir

sERictemperatyg de. iy $1042850S3HAGHY cgfreql’rerggztonp\p at the calibration
teHﬁ‘)@lsalt’ﬁrg nﬁ'?taﬁd a’% N o ggérggz}te etdﬂm%hy [&ponse at the measured

temperature T,

11. The arrangement of claim 10 wherein said means for determining said first
thickness includes means for correlating said third set of 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.
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16. The nethod of claim 14 wherein said determ ning

said thickness fromsaid |ayer-specific set of

el ectrical responses is calculated based on : V

-V2(1+aCF2AT2) R -CFl (1+acr2AT2) 1 (1+aCF, AT2)

where Rc_cF, is the eddy current response of the first

conductive filmat the calibration tenperature, acp,

is the tenperature coefficient for the first

conductive filmin degC1l, aCF2 is the tenperature

180ef fTiheiagahgdnint bl @lag@ owHerenhitt fitsv €oductive tay82cdinprises at

degC—l AT2 is the difference between the calibration

leaginsrodalaingm ad $OPPRE- neasured tenperature T2, V1 is

t he aggregate eddy current response at the calibration

tenperature Tc, and V2 is the aggregate eddy current

14 es pansethat! dof ietermasing e dirsttthitRaesatol laeﬁr?.’chon]iﬂctivﬁ'ieyer formed
od of claim16 therel n said determ [

n% sai. d
ot K fi 0% &eadyctiye malpy P%fefar%eﬁe%‘?’?t?%e=s%‘l‘ &) Shsfriig gfurther
hﬁxﬁﬁg‘aﬁ;&& 4 Q&Joﬂgec%n%dt% l%aecr%nﬁéd bh 'a%'é&?n?i%onductwe material

cor atiron curves. e nethod of claim17
diffee&mfmnsmuﬂﬁmbomﬂucnm niatwat cooyprieingt i on curves are

| cul ated usi t hemmat j cal opt t f
¢ hat MeaEmgs teing i dcaTant Sisa” BiopPe bR 1O adid Narge

suta%ek, ¥ febstawR) stabl bdcRicaPk@pbhses at 16 IPPES/Starget substrate
conputed to be substantially attributable to said ‘

tefripestturesinduct i ve | ayer. 19. The nethod of claim 16

wher ei.n sald I.rst_conduct |

o g M onERE i SshPAC isPORRE WRET R4 apeast oo
sefd abfMeldrtida@r edsPorsrb,d sariasydrigeciflsi bg f elbdyrical rl’eqmnses

sensor di sposed proxinmate to said substrate, at | east
reprgserfBiegesonagseubstprtiallyradisibytablesto said firgioroadpgtiedpyer; and

targ éter?ﬁ‘lpﬁlg 259 ttﬁigpf?ersﬁ E’P a rlgfé? §01ﬁc3§ét %ff electrical
el eC rrcal” Fesponses t has been’ corrected f

reppadisedri ty variation between said first eddy current
sensor and said target substrate.

15. The method of claim 14 wherein said target 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.

16. The method of claim 14 wherein said determining said thickness from said

layer-specific set of electrical responses is calculated based on :
R . = Vi, =V, +ag,AT)
emCrt 1— (I+ e, AT)
(1+ e ATL)

where Recrr 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'l, acrz is the temperature coefficient for the second conductive film in
32 ’
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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,

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.

20. The method of claim 16 wherein said measuring, using an eddy current
sensor disposed proximate to said substrate, at least two sets of electrical responses
at two different target substrate temperatures represents a set of electrical responses

that has been corrected for proximity variation between said first eddy current sensor

and said target substrate.
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