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BACKGROUND OF THE I NVENTION, 1. Field of the Invention

[1] The present invention rél ates generally to systens

and msthods for determning thin- filmthickness in

t ISYSTEM E‘I—g@]!)%lsﬁ) APPRRATUS IMRHTHIINJ—FILM

systens an%l met s for differentiating an ed

SigsakAHCSIchy a'SEﬂLﬁ&qﬁémﬁé?ﬁ@iﬁabé? GURRENT

Descri ption of the Related Art [2] An ECS (eddy
current sensor) detects a conductive material by
generating and projecti ﬁ’ rﬁl ectromagnetic field
(EMF) and detecting a ch g@? °%t he EMF when t he
conductive material (e.gehieBGW¥iki€, a conductive film
etc.) is placed into the space where the EM is
generated. \Wen the conductive material is placed in

the EMF, an eddy current is induced in the conductive
material 1o comBAGIKEEOUND ORIHE INVENTION: | o) d
penetrating into the volunme of the conductive
material. The eddy current generates its own EM,

1. Pictdof HeQnd&itfon W th the primary EMF resulting in a
corrpensatlve change of the EMF. The change in the EM-

[1] t Z‘E LIegenft‘ie Vegé{é:%(:fatgfgenep- mfgcli' g\{lte\ﬁ%r l‘fﬁetﬁ@élé i%f gét&?l'ﬁnmg thin-

ues an ance roma con
film tiStheSEin@h&bdisicORIdcBr Praspetidinet paitRubelydo ¢ ys¢ms ahinethods for
the effect the conductor exerts on the EM-. The
differentipting utieddyfcurisnt Ensorsignabiadereg i dissubsirate fropea sigra feduced by a
. 0f the copnductive material and the proximty of the
thm'ﬁgrBr?&}@:tf’lfPég terial to the ECS. By mgki ng cgnst ant
some vari abl es conbined with various calibration
techni ques, this property of the ECS can be used to
determ ne various aspects of the properties of the
2.  cDestriptioncofithe Related At wel | as its proxinmity to the
ECS, [3] By way of exanple, an ECS produces an EM-
[2] consiGS (eddy ofirrent kemsegaleerctsza dobiagtivesnajerddl by/generating and

duct fil I t
projecg,igg iag gﬁlcégmgéqeg% e}(g . peJefecgng zrln char rge int the E),M]g When the

conductive material (e.g., a wire, a conductive film, etc.) is placed into the space where the
EMF is generated. When the conductive material is placed in the EMF, an eddy current is
induced in the conductive material to compensate for the electrical field penetrating into the
volume of the conductive material. The eddy current generates its own EMF, which interacts
with the primary EMF resulting in a compensative change of the EMF. The change in the
EMF is detected by the ECS. Through various calibration techniques an ECS a known
distance from a conductor can determine certain aspects of the conductor from the effect the
conductor exerts on the EMF. The amplitude of the EMF change depends on the resistance of
the conductive material and the proximity of the conductive material to the ECS. By making
constant some variables combined with various calibration techniques, this property of the
ECS can be used to determine various aspects of the properties of the conductive material as

well as its proximity to the ECS,

[3] By way of example, an ECS produces an EMF consisting of a 1 megahertz (MHz)

signal. A conductive film (e.g., copper, aluminum, etc.) on a silicon substrate is passed
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The EMF i nduces an eddy current into the conductive
w0 doa0sa3aB t he i nduced eddy current interferesP@i/Ub20b5e11084
EMF. The ECS detects an ECS signal that is a result of
the interference caused by the eddy current. [4]
Figure 1 shows a typical ECS 110. A substrate 120 has
a conductive film 130 or |ayer thereon and an EMF 112
througm'hE!ENiF f TR EMICinEiSs bt @ddyatrrentt ften tHeaondadtive film and the induced
pically, the EM-_ 112 i conS| dered to eff 6}(}
cddy et e SA I T oG ECS) S HCS Bighed g it 4 o5l o the
1nterfécr§1§%rcraﬁ§edtb tﬁ‘gedcl_ygc bp depth.” A skin depth is the

Tafnce into a (e.g., a conductor), whi ch an
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thereJn% L @VPT 12 Qﬁntﬁé’cﬁﬂ&ﬁ@ﬁé’E@f‘a 110 endelfavil @ s@ﬂfé? t 1cally, the EMF
conductor material type and other factors

112 1s0rmnsﬁdeﬂed tto effedtivelyqpenemate threughi d cmnﬂaaoam depithguantity referred to as

“a skip 3P0 AHSASETh{S 6 ABFEnT § AR (cbppePdiiany F90h an EMF
wave Wil Q08! ﬁt ; g/ n’{) Q@cﬂ.}h Eéei E&t@7%@fghe(1ﬁ tgﬂ val Pefiﬁreﬂﬁﬁ yave. Skin depth is

angs e EMF11 uce an eddy
a fundtioh fof tie frequbmdyroftthe ENGDPEY arkdi thmonﬂﬁ@toa nchteriaé typalasd otheefactors.
120, [5] The resulting signal that ected by the :
If the perslug ls the corictixe B deh fad thecPndsixs %im 1§ EPRRSY: ﬁheaﬁﬂn depth is
o HORUEE, AOFNRRP, 1 Ut 1 0,30 90 il e

abouti5000 BepstonY Uhew the ENIFVIE L &vill nduke an tidyncustennindsh the dopper film
EMF does not actually stop penetrating at skin depth

130 apd thgtsubsieaés 120art (e.g., about 37% of the ' EMI
penetrates further beyond the conductor 130 (e.g
i Athe r¢snbingusigial tiakis fe@ctedbyttheEESH il 0 dmhedes cpmpomnts afributable

ubstrate 120 rese wher
to bOtg&H&E}QY erers e i bS] 20 1 A iU ingfese n the copper
film 130" HWRvE! et difir Mcnangbs feFerk Milke MthnSkEdd QHQEMF does not
the substrate 120 a penetration distance 114. 6]
actualitipsvey penetiatng atsskirt ﬂ@t]s ubattleat mﬂlﬁg odtioet 37%) gﬂ'mhé iE'tMIﬁpenetrates

resi sti Vlty aver cur nt .is induce
furtheg eyt ¢9nductop 650 ot ainioBE PDsUBICL B sAvgngIent beyond the

subsntaqe 0) 331 tgg ﬁes@r{t eS(Q%B éghlsrﬁit%@%cﬁ@%tg% g%tgits ghﬁil%ﬁaﬁ ng depth, a

large p&0ivh ob the TENIF @Enétfmesdﬁtmﬁeder%@hghakubs&atrdtléOtaQ)ehbteatlon
eddy current induced in the substrate 120. [7]

dlStaflgﬁflii‘-t unately, if the substrate 120 is a silicon
substrate, the resistivity of the silicon substrate

[6] 1Xbveeanr, \baafagasé thersubsigee 129 oféans signifigantiresistivityyavsrysgall eddy

current 13/ 1nldﬁgeld int aer sau tst?arltle ﬁ&bc ?\s(a res%lt, the majority (e.g., about 90-95%) of the

detected ECS signal is due to the eddy current induced into the conductor 130. Only about 5-
10% of the detected ECS signal is due to the eddy current induced in the substrate 120.

71 Unfortunately, if the substrate 120 is a silicon substrate, the resistivity of the silicon
substrate 120 can vary from edge to center due to the varying physical characteristics (e.g.,
crystalline structure, dopant concentration, and other physical characteristics) of the crystal
from which the substrate was cut. Because the resistivity varies, the eddy current in the
silicon substrate 120 can also vary a proportional amount between the center and the edge of

the substrate 120.



crystalline structure, dopant concentration, and ot her
physi cal characteristics) of the crystal from which
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the eddy current in the silicon substrate 120 can
al so vary a proportional amount between the center and
the edge of the substrate $20. WD 2004/ 059313
PCT/ US2003/ 041084 3 [8] A typical silicon substrate

[8] | 9 iypealdifiécckudsirdiais identiied sa haviag an evdrsdel resibtivity” value. The
val ue. The average resistivity value indicates that

averageq repisti B wales mdicates thit itiepessihle for phestesisiutigidhe edgeiof the

B T

more Vadidtidhiif fesisfivit§s 'B[s,twaw' df ¥xarByle\dy vdfereoaahellshelddfasthaving an
waf er can be | abeled as having an average resistivity
averagd registvisshefl kborohm/qnes Agesisti ity abfl.O olon/ishmgaad el a resistizity of 0.5

a resistiuvi of 0.5  ohmcmon the edge of the waf
obmy iy S lat o Ty Pt oAb 7 SBRaS af ol FeRerof he
waferOfestilifg iNR{ Riatioh®F B0 rhdte BetvREh id dige @hd HRQAMNRF. Silicon
nore between the edge and the center. Silicon

substmtes sen alise be tabnled|veith brange bltesigtivity (8.2, 0-80%e0.820 ohm/cm)

eGSR Bk e e S i TR A e
of O.Gg’E ﬁpi(ﬂOtdﬂlﬁV&h%]lSQs FGNEB0% N ABRGE in EE_fSiSQVRQSThm‘QfOQ%, @ven if only

cmallows for a 250% variation in resistivity.
about Baki% fob the, deeected EES sighsl is dinototthSeddyoduaient induckeltin theesiibstrate

E signal is d to the edd ur.,rent i nduc [ he
120, G RIBRER varsp cin o Wi ey Ayt 2y ABgbRT 6% or

plglgput 2% and about 6% or between
betwe%é%ﬁ@lt%g%ﬁ% anut 10% [9] This variation in the

detect ed .ECS si gnal Q t substr at N .
o1 GTLERED BhIRRT IR SellheeOBL SOt RS fmuc o
accurftSlyRRetcRethECompbadiilof tHealetdcfed TS bibhdlakdtes 4@iBUIIE W the thin
conductive fil'm 130. What is needed is a system and

conduvtivi6itn 130. Whait is nciedefd isra spbtemiand metlapd fon ninismipiog on elivinating

det ect e CS si . resulting fromthe eddy .current
the cqmpRRGRPHReEind Eloybigha vt iR o5 B FRiGh B e
substiafd] Broadly speaking, the present invention fills

these needs by providing an i nproved system and

met hod of neasuri SYMMARSOETHRINVENTEONUI d be
appreci ated that The present 1nvention can be

I il 0N r VS e ' .
(101 | RofTY Bhciine R B ARy AR s st e e B S proved
systeifl@WH @fthodefehédsuriy SNECS 8igaah dditoaid be giprédistedthastltpresent

invention can be implemented in numerous ways, including as a process, an apparatus, a
system, computer readable media, or a device. Several inventive embodiments of the present

invention are described below.

[11] One embodiment includes a method for determining a component of an eddy current
sensor (ECS) signal attributable to a substrate. The method includes placing a substrate in a
first position relative to an ECS at a first distance from the ECS. The substrate can include a
conductive film on a first surface of the substrate. A first ECS signal can be detected with the
substrate in the first position. The substrate can then be inverted relative to the ECS such that
the substrate is in a second position relative to the ECS at a second distance from the ECS.

The second distance is equal to the first distance less about a thickness of the substrate. A



i nvention are descri bed below. [11] One enbodi nent
i ncludes a nmethod for determ ning a conponent of an
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substrate. The nethod includes placing a substrate in

a first position relative to an ECS at a first

di stance fromthe ECS. The fubstrate can include a

conductive filmon a first surface of the substrate. A
seconfl BCS sigizbisdagenadd with tHesutigitate inattle sécohd phatios uAsiifference signal is

in the first posjtion. The 333 trate can then be
deterrpipge 1 heidiffarace ignglds papal Fraduivemoe heiveen Rdrshshan) Lyl ona
vkl By FETRPHCR AU AR Gl iyt SSER Byl v

shifte@ @ déstarice abb eljualsd tieh thickness of drsubdiciid. A firktisokstetscafiponent of
the substrate. A WO 2004/059313 PCT/ US2003/ 041084 4
the firsBGH glemalgs spignlated; Ihgdirgsulsiralg ¢ompamentsqfihs fisst ECGSpignal is
n L& Lon. ' ' ls: s .
equal i€ pREEERS ALt YRfnalu b BERGRSARE iidid oy the thickness of
the sullsttdter ence between a first signal |evel on a
calibration graph for the ECS and the second si gnal
[12] | @¥%€lconditive BRAMGs & HEEKHesd GMRIwRRI BEut K UndlHHu20,000 angstroms.
di stance about equal to the thickness of the
The centhstivafitm isha film sdsidmgbst r at e conponent of the first
ECS signal is calculated. The first substrate
[13] CAMBETNEanWe Aifdfed Withh FEGDOMIGNBbthithe fiflPaditiéam the second
product of the first distance and the difference
positign,ghafirst goint Heidg by theférst swrfakpebthe gebstialee subst r at e.
[12] The conductive filmhas a thickness of between
[14] aTbeicodducane fitka dsjux2Posdbeangntthosobstratt aed der DS in the first
_filmis a filmresidue. [13] The ECS can be aligned
positigi.t h a first point in both the first position and the
second position, the first point being on the first
[15] sUmveaiieg dif stbstragudastincdude mpiiag theHEC8onductive filmis
j uxt aposed between the substrate and the ECS in the
[16] f Mwktingd®eistbsdtate dahShclhdesaoting the substgat@st rat e can
i nclude nmoving the ECS. [16] Inverting the substrate
C 0 t: . i
7] A TG R EE P b bact B HbbAGbM0 abouta
thickresooihthe egquictivefilhout a t hi ckness of the conductive
film [18] The nethod can al so include calculating a
[18] SR RskiBotbEn AdEincREPENIAtIMY a §dd6ndaberste cBaPosdng BAthe second
The second substrate conponent of the_second ECS
ECS siguphal Thesseeendasubsteatecqanpangst of the second ECS signal is equal to a product

of the second distance and the difference signal, divided by the thickness of the substrate.

[19] The method can also include calculating a component of the first ECS signal
attributable to the conductive film. The component of the first ECS signal attributable to the
conductive film is equal to a difference between the first ECS signal and the first substrate

component of the first ECS signal. A thickness the conductive film can also be determined.

[20] Another embodiment includes a method for mapping a resistivity of a substrate. The
method includes determining a component of the eddy current sensor (ECS) signal attributable
to the substrate relative to a first point and a second point on the surface of the substrate. A
first resistivity is calculated for the first point and a second resistivity is calculated for the
second point. A resistivity curve can be extrapolated from the resistivity at the first point and

the second point.



of the second distance and the difference signal,
di vided by the thickness of the substrate. [19] The
woreiohosh3ean al so i ncl ude cal cul ati ng a conmponePCT/U820031¢41084

first ECS signal attributable to the conductive film
The conponent of the first ECS signal attributable to
the conductive filmis equaﬁ to a difference between
the first ECS signal and the first substrate

[21] ccnpdre etbodinicheintludss a BEEns fgriatermikinya cémpesent hean eddy

comgpar D il i pSuSRoE. T b SRR, e
towar@ s sBbSHARS T ts%ﬁstﬂt’@ is iH‘?ttfH&g)o'sﬁi%h lfgﬁﬁvéjﬁté% B’ 29 st distance
conponent of the eddy current sensor ( st gnal

from #eBOH Ul ubstriteirchrles wbshdugtiee filrh ahiav@sttsurfacd offthe substrate. A
poi nt and a second point on the surface of the

he .
substrgigiayerter és algo ingluded. Fhassubsirytp igvertsr is sppahlaeliaveding iifesubstrate
i ' L esl stivhiy.i |
e BES Tt A SARPRI 5L DI b R 0ROt
secon@Mistiee fidhethe BOIN THeset @Rl dibtaideliy eqial threheffirkisdista@ienéss about a
~and the second point. W 2004/059313
thickreesTpf e utsite1 @gaontyod systomm &t ¢eupled i e Brehit Theeonitpd system

. tem,for d 1M, R e f..an.e re .

et G L B SRR sl 30 M B o

that d&é&tk @¥edINAIBCRS g wEBShe biteihRdn theswabsl Fospits tTiRI®ntrol system
The substrate is in a first position relative to the

also ildBlestlogic fhat determisesdiéferdnee pignieqrdlo aThigersndeshotwean a first
. i.ncl.udes canductjve fi on first,surface,of, the .
signal G £ drea oRE08 Boh {6 0e ERseedhd ekBhg BERAEeY olné Wppd signal
level B&RS bHiAb&a ARYALS S¥out 8q e R hieknds§ ¥eihk isB8ktiale The control system
subStrate relative to the ECS such that the substrate
furtheir $ndlurea logic traticalodates ofirst eltstrateeomponers oEG® fanst BCS signal equal
secon istance fro he. ECS. The cond, di stance is
to & pEIGH Ot BL G 4t of Giffotcs StEhah Srdkd B3 i BRFGess gfthe
substiafie substrate. A control systemis coupled to the ECS.
e control system includes logic that detects a

first ECS signal w ' i L St o .
221 g5 R Bl AR B GBS DR B sposcion
and the seBord s fidas tTha kRigk Barl Readj@k e tda@shienSie forhehitliéss Of the

system™ also includes logic that determ nes a

condugliv¢ Elmence signal equal to a difference between a
first signal level on a calibration graph for the ECS
[23] aMthetshisstmecianettes cgnalkludevalend Effectsrethancnsnypnathe stlsstmate. The
bei ng shifted a di stance about equal to the thickness
substrgte ippertes inydydes e actypiar thahmoyes the further includes
logic that calculates a first substrate conponent of
[24] t AheBGStanEC® in¢clydat fied LIS ando sgcenddG8 iand whetedn thesybstrate is in

o e HI SO e E S R B v
the se#:?x?ds Itéég.o gitl? Ifﬁge% EALdHORROhE BEStHe sishntiAl Sidned!t he

[25] The first distance can be substantially equal to the second distance.
[26] The first ECS and the second ECS are operated about 180 degrees out of phase.

[27] The present invention provides for more accurate measurement and detection of

conductive films on a substrate and by accurately determining the resistivity of the substrate.



and the second position. The stage can be adjustable
to conpensate for a thickness of the conductive film
W 28)/0343¢3 substrate i nverter can include an enBCT/US2003/041084
effector that can invert the substrate. The substrate
inverter includes an actuator that noves the ECS. [24]
The ECS can also include a first ECS and a second ECS
and wherein the substrate is in the first position
[28] r thdriasgectscankihdvhntagds oE@fs ianshtioh evill besdrhe hgparent ifroni the
econd_position relative to the second ECS. The fi.rst

follomdatﬁléeq PrscrERiiQins SAkemm coungtigs WAtk the peapapanyAg dravings,

s o 3F of LREBTE Proafe R AR AT Y T econd Ecs

are operated Bigpi DBSCRAGTORSOPYHIEDRNWESes [27] The
rmm

present i nvenTl

[29] gﬁ%&pfeﬁ? 15“%“89 “gﬁgﬁgﬁ%glyyng%rtstgp % gtE lﬂ\gmg deailed description
in coﬂgﬁﬁdﬂ%ﬁ hodht the ch:cotnﬂﬁ gﬁl? Hdvih s, alDiRORM BRI bBnerals designate like
CT/ US2003/ 04108

her aspects and advant ages

structofal elementaventi on wil | becorre apparent fromthe
foll owing detailed description, taken in conjunction
[30] \MPiighré behawscompeayEQg. drawi ngs, illustrating by way

exanpl e the principles of the invention. BRI EF
A 6hti 5B b o W%&%% b G 6REnt H&iﬁ:@&h@é]
311 Dﬁ%ﬂ?%)se read%ﬁ undef st ood by thgérfol O\?VI ng Itljét ai |
conduddse filmtin @ancordance wiftuoretandrodithérntt of the preseohimaentiong
drawi ngs, and |li ke reference nunerals designate |ike

[32] St ngiﬁ& 994 fleWeRRNbSthe h@lodFipgtitionslofsdeedimising ¥iRofponent of an

ures 2A and 2B show a system for
ECS fﬂg@dm mh@hgdmntuﬂﬂ@ﬁdlmﬁh@é@mrﬁﬁ a conductive
film in accordance with one enbodi nent of the present
[33] | FyguRé # ohowd 3 glaphriog teesedsitiitypofftho WCBas tconipatedeo distdnoel in
operations of determ ning a conponent of an ECS
aCCOféarnﬁﬁél‘{lthcﬂPé G@@H@%@W‘eﬁ?%‘aﬁﬂpv‘?fﬁ@ﬂced into the
substrate. [33] Figure 4 shows a graph of the
[34] s &igire B s anothr syﬂanE@Siea@mmngapemponﬁnd pEeamHBES, signal due to the

accor dance, wt e enbodi t of
oddy PBATIRBHE Fe BRENAE 8 FEORABEER SYEHBRRRBent of the present
mvenggﬁerm ning a conponent of an ECS signal due to the
dy current induced into the substrate, in accordance

[35] WIFtigurg B%s £ Hg&gﬁa'}F O thg e‘iﬂb% o% efatiohd for mapping a resistivity of the

substrate, in accordance with one embodiment of the present invention.

[36] TFigure 7A is a graph of ECS signal data without correcting for the substrate

contribution, in accordance with one embodiment of the present invention.

[37]1 Figure 7B is a graph of the same ECS signal data but with the substrate contribution
being corrected or compensated for, in accordance with one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[38] Several exemplary embodiments for an improved eddy current sensor system and
improved methods of using an eddy current sensor will now be described. It will be apparent
to those skilled in the art that the present invention may be practiced without some or all of the

specific details set forth herein.



invention. [35] Figure 6 is a flowhart of the nethod
operations for mapping a resistivity of the
wG@aiwsNsBtE, in accordance with one enbodi nent PET/UR®03/041084

present invention. [36] Figure 7A is a graph of ECS
signal data w thout correcting for the substrate
contribution, in accordance™ th one embodi ment of the
present invention. [37] Figure 7B is a graph of the

[39] saAreuEEl sigmaing ddh aofductive filmg (ees. suoppérr filines) has become more
contri i on '

imporgpag t@sf @g %:g% 8f,\}ihp Eg@]@tig%gggﬁcﬁggtig%pgsgagggf ag;glgygr?rrl a scl‘,rpliconductor.

min S o s S DA TL O B e,
Semidofgicodreslafeticite Bipidalinkulsrinsd o s ylsdngioalanethanicplr waredizing (CMP) at

met hods of using an eddy current sensor_wl|_ now be
at leas e8¢ PPiBE R the semicpndustor pAFEFASHITINSRE0GaNS s ¥erylthin, gepduptive film

. th r I t J4nventia ' .
i 1 oL 20 A5V ERLE PR AR GG P v i
film réb@diRk PausV6e 280410H dhsurROH B8R (23 S diiBrhickheds3Bthat the

Accurately neasuring thin conductive filns

sppoppacionsky et sen hoseerminpbricatles \¢ irdhiredhepesidul
. t ti i i : I i
ftm, SitEuft PR My AT ARy S ERSthe St dbef iy Y O

thin filmneasuring | s becom Very. co )
[40] A AceMalfmEAsuTERal of apadhigtyediim pabigh et s compepent of the ECS

si gnalccﬁftrf% ﬁt@ﬁbt{fﬁﬁg ML %hcrllﬂ:tﬁ'féﬁf {rtthé gvgﬂs%m%t be %bs!tz%ﬁ‘i%f%@ﬂﬁinated,
pornt In e sem conductor manufacturing process. Very

minintibédior caipdusdted/forf Various appiodules foesubstantiglfselitinntidg @fnimizing
angstrons) often remain _after a CMP operation. The )

or comppangating fer the EGw pigaaldbatds sirdutable tadhe putstiplp anedesgrbey herein.
in both location and thickness so that the

[41] afimuoes2Ated 2Bdbiow acysitm P fapeeastiing theaaddp eurrent induced in a

det er.m .and applied . to renove the_residual. film
condugfye Bl 250nib Brosgtaty “oskaBe TRU Erra ot HE G H GyPied. The
l : h
s B AL up s 0Ly Ay el TRasUORIRD ol o s
110. Al sgapelor istilsstraiessuppont RHiisalidodn¢lodestfor sughpriogrthe subsiratet220 at a
substrate nust be substantjally el mnated (rin [ 'zeq
1 aﬂo%]e included for

known locatiamefia £nd gifecipr onpther splstialshagdling systen cou
o LA SRR e T 0SSR o
moveShOBCR AN 0. Referfigsfirst eFiginer2e\, in whichld semicpirdasto? futatrate 220,

2B show a system 200 for neasuring the eddy curren L
with the geredugtiye,fin 230 thereon, is oriented in a fifst position, with the conductive film

230 nearest the ECS 110. The conductive film 230 can be between anywhere from a few
angstroms to up to 20,000 angstromsa or more. The conductive film 230 can be a very thin
film residue (e.g., less than 1200 angstrom) such as what may remain after an incomplete
CMP process. The semiconductor substrate 220 is typically about 750 pm (7,500,000
angstrom) in thickness. The ECS 110 is oriented a distance Ds; from a centerline 222 of the
substrate 220. Distance Dy is a known distance from the centerline 222. The distance Ds; can
be determined by measuring an actual distance between the surface of the film and adding 375
um, where 375 um is equal to one half of the typical thickness of a typical semiconductor

substrate 220 of about 750 pm.



conductive film 230, in accordance with one enbodi nent
of the present invention. The system 200 includes an
wWEAHB4039313 whi ch is coupled to a controller 250P¢DUS2003/041084

controlling the ECS 110. A stage or substrate support

252 is also includes for sugforting the substrate 220

at a known | ocation. An enc effector or other

substrate handling systemcould al so be included for

[42] mPvdurg 3 analflowvienrt ofithe nivchcesldpstatiane3 ARG deTermisiyg aenmpogent of an

ECS égmr]]a_l %lpég(bt:hg ;ﬁ@dgqr%]xf %C% it tgg alhas%rs{cl{ Q‘%ﬂoxﬁ a%ggergt%sn 305, the
substc}%gﬂl%bﬁg gfﬁ%&?fn A& BB @6‘%1&8& Zﬂl oePe tltoH 3tlb Gh€ BEQULlo ﬁﬁﬁucfeb Iaff‘eddy

ereon, 'I's oril I'rst position, wt
curreftQMduEd ihinecdridudtiveBtn P3RaRbthe biltstrEe320 bd rddesves a flrst ECS signal
conductive film230 can be between anywhere froma few
Si. angstroms to up to 20,000 angstroms or nore. The
conductive film 230 can be a very thin filmresidue
[43] (&hg f;rstlE&% s1m@1mmmmngww coppagotsigialibaendy S is the

compaaii &8 i ibe S LT HRmcespta Lo sREGIR) ih % firsvagsiipn, Seis
the E&g ’cé ? 13&1@ dg@beﬁE B4 ¢ 1.11&1’1{ PHaakEaR thd BéndaeSve &0n 30

| st ance froma centerline 222 of the

[44] | bs'éérﬁ{icgl} %fsoghezszlgstr Co IR J)&ed% Eg?é’@g%o {t)@ﬂ G§ stidviln Figure

e ardPence

2B. THehEE0bREFostonBRIehiNGive FilaCcA30as inkiubttamealyliné vwaraldchon
surface of the filmand adding 375 gm where 375 gm

relatlvestoethQIECStld()@ﬂ o thalffrstcHOSttm, hopsivenlthe mm@ggt% pubgtrate 220 is

s eSS S B PR L B

positibh AHE E‘lﬁfsha@fﬂb h@m‘%ﬁt&%ﬁtﬁ P&padtie iz 91100, a8 ebmpaieditd the first
a conponent of an ECS signal due to the eddy current

positiond Beemhis¢ tiewontietiva fidnr230dag s@ne thickanssdpgr. aipito abaw 20,000

th b 20 | d iti )
e o) AT R0l PSR B BB e e
towaﬂélg%é) EE 5% cﬁﬁhﬁbe gﬂﬂ%? ta's\iﬁl del théﬁh%e@rlﬁ* bbitethe %Jl].ti)(?shra&t 20 and the

receive irst ECS signal Si.
Condlfdt]lVS tf1lrE(2805{1 @;ﬂéﬂo 18 + 20,@00sangstodm =vtS 2qomp dnene embgdlanhe.nt the
si s onent dug ta.the e

locarign of B SUPHERR 510 S0t a?iwte&ﬁggmﬁt S50 (¥ dye o

cona BS54 "B 05 S IPBRERS e componn

of thedPES dignalnatdibltablete thdhmbbirat 22 Efbnlys a msmaﬂlqaoatmececg:,os 10%) of
position as shown in Figure In the secon

the to@%ﬁqs venalt Pa cgion Hubeidisance Dy @%We%thP ﬁulaﬁ%get%%ﬁ)t%}“éh thg/ECS 110
of up ft? ?g‘?aqn?ol'l: ?j a% W‘ll bk %las%h'bgﬁ it Bote Btk 0 as in the

pOSI e 'sem con u or substrate
5 .
[45] 2l%eI c%nductive film 230 is in substantially the same location relative to the ECS 110

as in the first position, however, the semiconductor substrate 220 is juxtaposed between the
conductive film 230 and the ECS 110. As an alternative to inverting the wafer, the ECS 110
could be moved to an opposite side of the substrate 220 such that the substrate 220 is inverted
relative to the ECS 110. A distance Dy, is the distance between the centerline 222 and the
ECS 110 with the substrate 220 in the second position. The ECS 110 is also oriented in the
same location relative to a point (X, Y) on the surface of the substrate 220 in both the first

position and the second position.



j uxt aposed between the conductive film 230 and the ECS
110. Sinply put, in the second position, the
wGeaiwsnsste 220 is inverted with respect to theP@&IBSHAD041084

as conpared to the first position. Because the
conductive film 230 has sone thickness (e.g., up to
about 20,000 angstrons or nc’ore) sinply inverting the
substrate will result in the substrate being shifted

[46] t Refordng henifr € igudi 3 moperatiom G20, the ECS 010 oiducdsen eddy current

i t hi ckness of both t ubstrate 220 and the
into tl@dwaaethéllm 230 azlééﬁf( fu%étrate ?@é apfyerelyes BersORn G denal Sz The

n t f
econd SRSl SRS ARy ghESh LI Mo s,
compémene du@togty eddiecdrent dackddhiovhe fubstrateA206n tlmtsevcaidyposmon. Stis
t he substr at e 230 may not be adj usted because .th
the B p@nennnt dag torthe e@b@t@ﬁegh@ﬂu%aétmmb? Hen eondetipfetiim 230.

substrate 220 is only a very small portion g ..,
[47] 551084 Sof aretdiféeremmbatﬁe:&esﬁ@& silgnalAs a éanctipn oh thetdastance Dy,

ey B3SRBS Ba B B 2R SR R D, e

dlfferg@e%e{wé%ﬁltﬁé{‘bsl[aﬁeb Iﬁeeqﬁﬁrig WEbdt\Ke fh'lékﬂb?s?& tlhegsdb@tr%% 220 (i.e.,

substanti sane location relative to the
about 750 ungs (Iomveﬂselyf a distanpoBj, between Hm/mduqtmerfﬂm 230 and the ECS 110

sem. conduct or ., subst.r 220 i s juxtaposed, bet ween )
is SubBGRUAIH e e i BOBEIe R%wmd S eoRET S Sy Qg Seis

substeglglallgﬁﬁrstahEQn%g 3"0?158 E oﬁ%n‘?‘%ﬂﬁ%m d be noved to

osite si strat such that the
sypbstrate, 22 n to the ECS 110. A
Léé ghcéﬁ]@l}% {‘e?f%}?; gr?é (Ig '('/é@n the centerline
222 and the ECS 110 with the substrate 220 in the
sdeEpf@T0si tion. The ECS 110 is also oriented in the
same |ocation relative to a point (X, Y) on the
sbdacw) ofSst h€)subStrate 220 in both the first
position and the second position. W 2004/059313
PEIrthds2D0RUHitht@Bevidéks: [ 46] Referring again to Figure 3,
in operation 320, the ECS 110 i nduces an eddy current
| P $.he QPReitatihdieattd thin £SAhediferdire duinen b and 80 igAdunction
recei ves a second ECS signal S2. The second ECS
of thegdifferghcegn Ipeatignf theotubstvate Z¥hponent signal s Ss2 and
Sf. Ss2 is the ECS conponent due to the eddy current
[48] | Figred showoa ighuphsl0Df tirtsen@@ty of thb ECSeldOrmd cpmpatet oo distance,

Sf I1s the ECS conponent due to the edd rren
in acqopdane ithiang ephedinkng ok ihs ARseRBVENtioR 330 SM{SE?T 23Q)is shown in

the fu?spﬁ s?c‘?(?n bl an[qlﬁtfelérgfnet L s&gﬁﬁggﬁtlﬁ"@(ﬁcﬁ Oﬁlﬁﬂlﬂ@&gb§ 1%5 is dgterrmned

ron o S ance et ween

by refefedciigpgAphad0D. 22 sehditiignafehdBESi190liepbttedam t}tehﬁams and the
di stance D,1. The difference between the Ds1l and

distarics betiesn theoEGB P andh therdgtested senduston(pe. subsiaicatd) zszlziotted on

the x—(ax1s. ‘As the distance increases, the ECS signal approaches zero and as the distance

approaches zero the ECS detects a maximum signal. The sensitivity graph 400 of the ECS is
substantially linear. Therefore, if an eddy current target (e.g., conductor 230 or substrate 220)
is a distance D from the ECS, then the sensitivity is equal to Sq; as shown on the graph 400. If
the eddy current target is moved 750 pum closer to the ECS 110, then sensitivity is equal to Sa.
The AS is a difference between Sq; and Sqz2. Because the graph 400 is linear, then any shift of
750 um along the x-axis results in a shift in the signal strength of the ECS signal equal to AS



about 750 m). Conversely, a distance Df, between the
conductive film230 and the ECS 110 is substantially
W0 b@48593e3 i N both the first position and the sPCDO2003/041084
position so therefore Sf is substantially the sane in
both Si and S2. The follomnn& anal ysi s: S2-S1=AS and
S2=(Ss2+Sf)andS1=( Ss1+Sf) erefore: (Ss2 + Sf) -
(Ss1 + Sf) = AS further sinplifying provides: Ss2 -
(i.e., the differéxSe bbivebn SgdindeS Ssanthdrefde AS lakndiwhfquaetitydrom the
between S2 and S1) is a function of the difference in
calibrpliiegeph 4} t he substrate 220. [48] Figure 4 shows a
graph 400 of the sensitivity of the ECS 110 as
[49] cdmpparatibn 30dth§t0@mp®nent|qﬁ tla:d@@ﬁ dignalattnibtitablerte the substrate 220

nbadi nent , o res tion.,. . The trat
(BCs 38 SRttmmed Rl iy eesivefl Ve s 24mad, AL A5 iers The
substi3RC20%haR 'atthf%l&né’sgfaf 750 ﬁlp%rrﬁéxlzéamsé cser t8 the ECS 110 in the
eterm ne by referenC| ng graph 40 The sensitivity

secondfositien,HitH ibibe fisst pbtﬂtld)l‘e dhamrAS hain l;evﬁ)xmd ontitt ¢ahibration graph 400.

e Coreay BERED, A S 10 ant The Sefpge LT
produ¥t &Fthé dlﬁéﬁcé ﬁ%eﬂbe%gpefﬂé: ﬁlﬂsﬁ% eanedime 208 a%es%@@ 240 and AS,

approaches zero and as the distance approaches zero
dividdédisy th€hicleicecofthasutsiateu Staedinad mathbmatienh sélatiotiship:

graph 400 of the ECS is substantially linear.

Ther ef @, 4 DA E%Qyuggﬁateembkﬁeag)get (e.g., conductor

230 or substrate 2 is a distance D fromthe ECS,

[50] ¢ *‘I‘ﬁ@ﬁhgg 8&%@&&% ettég élhdiﬁﬁﬂﬂéb sf g‘haﬁil&ltﬁ%abﬁié‘&"me gﬁh/sygé 220 (Sa1)

grap current” target nove
is equ@l Ik ptoductthﬁ tlEfEsthﬂ&h D¢ betwesrtisd dubvticdty cdslﬁelthqel ab2 ted the ECS
a difference between Shc and Sd2.

110 agééﬁu@éﬂdl%ﬁ bygbc‘atbwka% of $he subgtgaie. Ptaied laﬁyn%@m%tlca% relationship:

750 malong the x-axis results in a shift in the
siSgraDsXABYigubstafe thivkng&Ss si gnal equal to AS WO
2004/ 059313 PCT/ US2003/ 041084 10 (i.e., the

di fference between Shc and Sd2) and therefore AS a
known quantity fromthe calibration graph 400. [49]

[51] | RiAR&1 R khOR1830ship st tROSROAERLS/fgnbhRIIERS: Si gnal
attrlbutable to the substrate 220 ~ (ECSSS) is

ter described in Figures 2A and
%@?ﬂ%@ﬁﬁ&%ﬁ it %S%?r ate 220 having a thickness
of 750 m i s noved 750 m cl oser to the ECS 110 in the
second position, than in the first positi on, then AS
can be found on _the calibration %ra ph
[52] A component of the first ECS signal attributable to the conductlve film 230 (S¢) can be
also be calculated. Stis equal to a difference between the first ECS signal and the first

substrate component of the first ECS signal. Stated in a mathematical relationship:

S¢=S1—-Sq

[53] Once S;is determined, then the thickness of the conductive film can be accurately
determined by reference to a calibration table that plots ECS signal strength versus thickness

of a conductive film of the same type as the conductive film 230.

[54] Figure 5 is another system 500 for determining a component of an ECS signal due to
the eddy current induced into the substrate 220, in accordance with one embodiment of the

present invention. The system 500 includes two ECS 110, 210 that are on opposite sides of



The conponent of the ECS signal attributable to the

substrate 220 (ECSSS) is equal to the product of the
waelr@sasses D bet ween the substrate centerline 20QT/E81903/041084

the ECS 110 and AS, divided by the thickness of the

Substrate. Stated in a rrath gatlcal rel ati onshi p:

ECSSS = (DSub)(OS)/(substrat t hi ckness) [50]

Ther ef e co n ECS. si
theéﬁ?%tﬁaisf??ﬁbffg iy ﬁﬂ%&qo fagt °i*2@t gtil}tlaﬂrféhee*a@sﬂlswace (e,
D, B Pr i tie cOftetiile 288 StiRGBsthIR 20 tMRED NS, tﬁéitbsﬁi)tE@ 1310 210

centerline 222 and the ECS 110 and AS, divided by t
cart glsochersé sebstontiallydhesdiffgrenttigances (e eBsii 4 Dav )rﬁam@ﬁﬁmt@rhne 222 of
the[sgiiﬁ@fa%%aéh' p: S,1= (Dsl)(AS)/(substrate thickness)

mlarly, the rEI ationship for the second ECS
s Rk IO, o153 AR RSl Ao, SRR

destcﬁ})ddl‘ilﬁ Fi‘.gngb(ﬁlﬂfcolvv @hd s'dbI§l‘.|raft’£='32f20(1§fé])atc ?Xaﬂ’pobﬁon gélaﬁfe hk&the ﬁrst ECS 110
cal cul ate S qual .to a | erence et we
whilp F@PltEéS“%Yaéli‘-%ﬁ strade 420ds 13- spond papjtien relative Bﬁféﬂre—d B§S 110.

Tn thikeydtbrh $bo, FeXirdi agla@bconéts@%% m@ c& bRl atih 6 short succession

relatlon5|p Sf=S1-Ss1 [5 S f _is determ ned,
and wishout pleysichll-fafersag either e S%‘@ﬁ@fe @?-@ oreth¢ ECn1derR18e

accurately determ ned by reference to a calibration
[SalabTke EG31 1G240 sanrdn bsiogerated &t 7 magytehtoiaersass thersensitivay of the

detg%t%(gEég Sl%H&ﬁ f)}?’ (?R fd %@ﬁ?ﬁ%%ﬁs@&?@e@% 8}4:2}808 degees out of

phs0! Oh{tﬁfs mimahartm fiistIgMA foanthe IﬁﬁﬂE?Sfl larbﬂéﬁgﬂfl sgmﬁ Eiiefrom the
e e I Nt O S Stra

secphd BES o1 i SHec i et iss e deis b RS Rlgnalp g apfescibed in

com%ﬁl%'w%d U§|T’%te§ efp%)ﬁé'ﬁtl%ﬁ) Poosco3sdesict Was fbPor débtentded 25, 2002,
that "are on op e sides of WD 2004/ 059313

by Btk s ond @mﬂg@ AEnhpncepisat of Hedy Furrent Based MepsurementECS

1
Caé%b%%tggfc g’h?ﬁ%gs ﬂlc%ﬁ%ﬁd %& rﬁﬁg&%e%?{eg?n%o% "E—g%t erline 222
[5732_ 1gur636ulst,J 3 tglg ALE hart I@Lt%l a] 1?51?/4 %ﬁf(]) {}'ﬁ? '%%%ti%} 'of the

can a
sulsbtraie an Qﬁﬁ)rc(ahcdethh a&]cmb%diﬁ&ﬁt ()f the masehh]evmbh eId anl’t@eﬁﬁéh 605, a

of thesbstr e 220. [5 The two E 0, 210 a
firs{ capgHY Fr‘fﬁ fign Pﬁt@%‘@g}w% S 'aweﬁﬂ é%'latwg. top ﬁasat P?lat (first
Sq158n thd 8S@dck B e istbshid W ®tedmBROYEdestiiRd SRS bR eBiedctBed fethods.
inafirst position relative to the first ECS 110

In gprration §10naiseennd sompgnent oféhasi signpl attripeablestoithe sbyrtertd
rethRf%'tJi b QéE:oﬁdaﬂ)cﬁﬁt' (¥e%oﬁcPSst1)rb% tﬁ@&l?fgge (ﬁ% s:hﬂ)grate is determined. In

operation 615, a first resistivity is calculated for the first point and in operation 620, a second
resistivity is calculated for the second point. In operation 625, a resistivity curve can be
extrapolated from the resistivity at the first point and the second point. As described above a
typical substrate has a substantially linear resistivity measured radially. Therefore if the first
point and the second point have a different radius from the center of the substrate, then the

resistivity curve can be extrapolated from the two points.

[58] Figures 7A and 7B are graphs 700, 750 of ECS signals in accordance with one
embodiment of the present invention. Figure 7A is a graph 700 of ECS signal data without

correcting for the substrate contribution, in accordance with one embodiment of the present



In this system 500, the first and second ECS signals
can be detected in very short succession and w thout
w@boogiosshd y i nverting either the substrate 220PCF/US1003/041084
ECS 110, 210. [56) The ECS 110, 210 can al so be
operated in a manner to increase the sensitivity of
the detected ECS signals b¥2operating the ECS 110,
210 simultaneously but 180 degrees out of phase. In
inventidi. SFigaev istagaph 730 of Eh-sdnicOBCS Biznhl deasd bEHGHH (b substrate
Jeflects the second EMF fromthe second ECS 210, ..
contrifyiQarbeing eqrracias) o camppmeéé% Heaggerdepeeyithone §W§H@Wm of the
d I t 1
prese@lpp | @g i ?ﬁ& %ﬁgg%l& g Whl cﬁda%\/f\/f}ﬂs&?%?10 éjﬁ) ﬁ’@ gg{e{eo ceorordlnates.
As cai be readly seenbideftifykigarkiiconfpensaritlg €stithé biedtrifervoanibatiemin an BCS
of Eddy Current Based Measurenent Capabilities,
signalyghlowh forsa frae dhipoiila erlybdevies alibiftienner ei n f or al |
purposes. [571 Figure 6 is a flowhart of the nethod
[59] opsruatd bersinGbe termr " abmphmegnsat/s €8%s thayyoﬁefxatnp@, the phrase

str in accordance w one t f the
"aboul LT diGAT TGRES P DAHER AT GRS BRBAIY With Al dbove
oSS S I St

compmﬁr—hh}ﬂeﬁlkinn‘ed(Dpemfloﬂshﬁvduimgtda’aats$0red; udmnputemsltems These
described in the above descrlbed

operaipnsrage hose EYIrmE RYSIGHIBRH) 7ROl aeefcs gfvaplly, though
not neééés f}U{h%Qé Gughlsib étﬂ%%ﬁﬁ‘&? @&Hcgl%k%ﬁal 9 §@éb%fé of

SEco on the sur ace of 't ate IS

being dﬁirc&f fiaf€fired, Rombprdatongpard] and ethbiwisd n‘laﬁtpuhalted\/ iHuythes the
calculated for the first poi nt and in operation 620, a
manipydations periemneaskarg phgn xeéerteéﬁe in &ERY spel ag preducipgidentilying,

detenjgg?%n% {:&{@%F ation 625, a resistivity curve can be

fomthe resistivity at the first point

t he second i nt des bed abo a__typical
[60] s[}wtq?ateeeomtwg@?aﬁfybsﬁi\ﬁ?rsw Ui PFR g pb ST DY e useful
machltﬂﬁ dPMafbnd. aﬂieﬁh{f tloﬁlﬁfs'b%lgfﬁ td 4 aéi& & drsdp aﬁﬁis%r Adbrming

second poi nt have a ferent radius fromthe
these opgrhtdsnsofThiclappaatns tmagytbe, spd:dnzdly dohstruatebios the\meqnylreﬂpurposes orit

can be extrapolated fromthe two points ur es
may b4 SsAerarBUERORe @%@H@r splggtivepsectat cgﬁl@#&?@ byp gmputer program

GRS A O S, B ERET ey ey s

compfef bﬂigtamﬁwmte&: in atgosidanicetwieh the hadchmpe heroit, bi hlmtaydm mone
accordance with one enbodi nent of the present

conveRFDA [OBYSTBCtpAIPIISPeRialZod aprasatus to IPeﬁfPé‘P?tth%FPqulfP pPEatqys.
is a graph 750 of the same ECS signal data but with

[61] t MhesnNzmtioatan alsoht einbediedas domipwdergeadablstaode on a computer

G T et SRR B ROS BRESETE o s
data wiiidh Esh VEh¥reafiOSR £ By DcGRAMES syfent FBSMPIA &She computer

readable medium include hard drives, network attached storage (NAS), read-only memory,

random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and
non-optical data storage devices. The computer readable medium can also be distributed over
a network coupled computer systems so that the computer readable code is stored and

executed in a distributed fashion.

[62] It will be further appreciated that the instructions represented by the operations in

Figures 3 and 6 are not required to be performed in the order illustrated, and that all the



As can be readily seen, identifying and conpensati ng
for the substrate contribution in an ECS signa
W@bdoemso3idr a true "thin filmonly" device cal PGF/EHS10031041084

[59] As used herein the term"about" nmeans +/- 10% By

way of exanple, the phrase "about 750 ni indicates a

range of between 675 m and 5 m Wth the above

enbodi nents in mnd, it should be understood that the
processiigaspicsshtatelyy theppaytiomsrmaysot bemepassay 1o praceeethe édention.

operations involving data st&red if onput er systeq§.
Furtherhihe procspes descehed rkigins 3 and 84an Alsp ée gRplemegied in software stored

in anyrr%[@io? i 961&1&%&5?@11} 9)?351’?&' KAM GHARDM, o‘f?hekllrﬁl' ﬁleskﬁgivte.h ough

necessar | hese quantiti€s take f rm of

| i.cal [ j | b f i
(631 opGhiaber e Sibedny B enfunbithean dEUHASH Bome Ar] FosPugpoges of
claﬂt}merﬂnﬁHﬁs@ahﬁﬁllégéig Wit BE Ep;t)afré}ﬁ thdTRBitRH cRAd R 8 SnPRIGHBICHRShsAN Sy be

often refter to in terns, such as producing, _
practicedewithiih thengope dithe appenidedclaons. chequedingly, the g@dsenmtraynhidiments are
b op GRS Pl SR Bt e e o e

detailéb@‘f?xg %‘%ﬁeﬁl@gﬁ?ﬁa & Bb&Sicl 9viﬁlirg§1\éiqs€@peoafnd uRRRALAI YR 4iPended

se operations. The ‘apparatus may be
claimspeci al |y constructed for the required purposes, or it
may be a general - purpose conputer selectively
W%atédﬁﬂvﬁﬂéﬂ or configured by a conputer program stored
in the conputer. In particular, various
gener al - pur pose nmachi nes nay be used with conputer
progranms written in accordance with the teachings
herein, or. it may be nore convenient to construct a
nore speci alized apparatus to performthe required
operations. [61] The invention can also be enbodi ed as
conmput er readabl e code on a conputer readabl e nedi um
The conputer readable nmediumis any data storage
device that can store data which can be thereafter be
read by a conputer system Exanples of the conputer
readabl e nedi uminclude hard drives, network attached
storage (NAS), read-only nmenory, random access
menory, CD-ROMs, CD-Rs, CD-RW, magnetic tapes, and
ot her optical and non-optical data storage devices.
The conputer readabl e medi um can al so be distributed
over a network coupl ed conmputer systens so that the
conmput er readable code is stored and executed in a
distributed fashion. [62] It will be further
appreci ated that the instructions represented by the
operations in Figures 3 and 6 are not required to be
performed in the order illustrated, and that all the
WO 2004/ 059313 PCT/ US2003/ 041084



13 processing represented by the operations nay not be
necessary to practice the invention. Further, the
wpe@ensses described in Figures 3 and 6 can al BOI/D82003/041084
i mpl emented in software stored in any one of or
conbi nations of the RAM the ROM or the hard disk
drive. [63] Al though the fo?‘égm ng i nvention has been
described in sonme detail for purposes of «clarity of
understanding, it will be @kpiagngnt that certain
changes and nodifications ay be practiced within the
scope of the appended cl ains. Accordingly, the present
enbodi nents are to be considered as illustrative and
1. n @t methed forodetarminiagd cotmponeny ehan edilyicarnant sengorifBCS) signal
mted to the details given herein, but may be
attnb‘%@?it‘?%erf“ﬁ‘lcﬁmcﬂ‘i‘émgcope and equi val ents of the

P@%ﬁﬁ%%ds&ﬁ%ﬁlﬁa fﬁé? ng fich felleﬁ'ivg%l aﬁ ECS%a%QQﬁ&Q&%%’bm the

084 a| ns
ECS, detsabmaw inglualinpongmadecti vedilnaom eﬁd;y smtﬁzce@rﬁ thesmbstmte
(ECS) ;signpal _ attributable to a substrate corrprl si ng:

pdaierting st ESSsagnal with ghe substrate giihe fiss nOgigR; ve to an
B e g;thé Ld ra%'ré{aa DER rLf,- %@stéﬂsh E:P{e shi;& A4R3h hdbéond

i ncl u con mon a sur ace O

pos1t1§mfb$itfv@tt@ the EIES ecd Sdc’tgn@dfstahsé fr&@héE@Sathe\smdmdtdiﬁance equal to
substrate in the first position; inverting the

the firsi djstance lessrabost 2 th@mssqcrféhmbstg%h that the substrate

< e SERLECPRTb] Al bt Lteh R o Blich

e@b@tminthg 4 @i@fefdnbé bigHileqaae aldefsedWetweentdfigksigsd lofl on a
the substrate; detecting a second ECS signal with the

calibratigysgreph forithe Eﬁg age terigcpukiignablevely theseponst sagwé level being shifted

ference .fference between a
adls“fr}c??s @%H%ffogfbes‘b ?Fsng eﬁub%}:aé? |a8§ graph for the ECS
a@ﬂcﬁﬁﬁn@@ﬁ?ﬂ duisdt@idonivient, of HiEfiS EBOB @i ghiaDétilal {02fbduct of the
being shifted a distance about equal to the thickness

first distanich end thestifference sigihl.clivided by theghigkddse of thesbstrade.
conmponent of the first ECS signal equal to a product
of the first distance and the difference signal,

2. di PI‘l‘lb ‘iﬁéﬂhd&’oﬁd"ﬁmt P IWHeRgs thefonlifi®ive lffl’ﬂlfa@b@hwl@nesgbﬁbetween about

met hod of claim 1, wherein the conductive filmhas a
10 ant hbak 2000 ahgdmimseen about

3. The method of claim 1, wherein the conductive film is a film residue.

4. The method of claim 1, wherein the ECS is aligned with a first point in both the first

position and the second position, the first point being on the first surface of the substrate.

5. The method of claim 1, wherein the conductive film is juxtaposed between the

substrate and the ECS in the first position.
6. The method of claim 1, wherein inverting the substrate includes moving the ECS.

7. The method of claim 1, wherein inverting the substrate includes moving the substrate.



10 and about 20,000 angstrons. 3. The nethod of claim
1, wherein the conductive filmis a filmresidue. 4.
wab@4oesnod of claiml, wherein the ECS is al i PeiEUS2403/611084

a first point in both the first position and the
second position, the first Qoint being on the first
surface of the substrate. 513The method of claim 1,
wherein the conductive filmis juxtaposed between the

8. sUlhsmmediaal ¢frvdaitrhe vEHESein mvettengfthe subspateiindlodes adjusiihgthe substrate
met hod of claim 1, wherein inverting the substrate

an amopp qgyakioBoRythigkaess e theongpelivedilRlod of claim 1,
wherein inverting the substrate includes noving the
substrate. WO 2004/ 059313 PCT/ US2003/ 041084 15 8. The

9. nmahbaktiadd ofl Aaim 1, furheicomprisiny ealculagng beecdnlistbsatate component

i ncludes adjusting the substrate an anount equal to .
of theggeand BCS piganlrayal top prodictofide seqopd distangs and theighfference signal,

. |.aj her conprising calculating a
dwld@c’gtﬁgt@%@%ﬁggﬁgég%@?’%{ﬁént of the second ECS signal
equal to a product of the second distance and the

di fference signal, divided by the thickness of the
10. s dbempeghed ofigdammhduitkariseepesingl ai m 1, furt her

conmpri.sing: cal cul atjng. nent. .of i rs .

< PERee Fepp oSt Bt (Bt X SOREN Ay Blipb o Ul Shpliye i
equal @ b URTRARS vealvaeRe HREECS sfdnaFéad thé GRARsubhdte dbgngonétof the first

substrate conponent of the first ECS signal. 11. The

ECS signabod of claim 10, further conprising determining a
t hi ckness of the conductive film 12. A method for
mapping a resistivity a substrate conprising:

11.  99herEdRdd6F RaifPTR SRS cShplififg 8SEMintHg LRickiSRDPkhe conductive
(ECS) signal attributable to a substrate relative to

film.a first point on the surface of the substrate
i ncluding: placing a substrate in a first position
relative to an ECS at a first distance from the ECS,
the t Coi A9t SomeddRtd fdgm on a first

12 sumr?%glkeaa&ﬁ%@lg‘%hg%&%?le?a det e%t%oﬁgjr{as fglnr st ECS
sidgteahinimg & cdrhporeubaef thatddy curtehesehsardECS) sighalantributable to a
inverting the supbstrate relatjve to the such that

substferelsiiie 1 & 1ESt Peinf An thesuEatPl o eibsiras I‘i“g\%f‘g‘ve to the

ECS at "[‘acrg'%ﬁeg %]ﬂ)tsgﬁté G20 Eifst ho Qv REatFe%o ob B SSE G distance from

di st ance
the ECS, the substrate including a conductive film on a first surface of the substrate;

detecting a first ECS signal with the substrate in the first position;

inverting the substrate relative to the ECS such that the substrate is in a second
position relative to the ECS at a second distance from the ECS, the second distance equal to
the first distance less about a thickness of the substrate;

detecting a second ECS signal with the substrate in the second position;

determining a difference signal equal to a difference between a first signal level
on a calibration graph for the ECS and the second signal level, the second signal level being
shifted a distance about equal to the thickness of the substrate; and

calculating a first substrate component of the first ECS signal equal to a
product of the first distance and the difference signal, divided by the thickness of the

substrate;



the first distance | ess about a thickness of the
substrate; detecting a second ECS signal with the
wGaegnsste in the second position; determ ni NBCHUS2003/041084
difference signal equal to a difference between a
first signal level on a calibration graph for the ECS
and the second signal |evel ,16the second signal |evel
being shifted a distance about equal to the thickness
ofdetehmingnhs torap@entoithe addyuduatenhggnsorf (ECS) sigublsatiributable to a
onent of th to a product

co first ECS si equal
substigfe TEREVF 1 SEecahCPALan LEGOHAG W ips SEREE: oi anal

di v : : i € éom . Substrate; WO
26@2?%@5%%?%2#%@%%%?%&% 46 deternmining a
C ealooladng a oécont eeséxtihity atithe aadond gosy andeCS) si gnal
attributable to.a substrate relatijve %lo a second
p SKHRPUH NG Aresis YR Qurys iromdhe fasistiyisy &t the first prugf Apdythg second
pointfi rst resistivity at the first point; calculating a
'second resistivity at the second point; and
extrapolating a resistivity curve fromthe resistivity
at the first point and the second point. 13. A system

13 f o systame Faridetengining dAYTBRRITAT o anchildy quentisenson (Hsehy gpal
attrib&%%&%'s%@a%e pgisﬁt.abl e to a substrate conpri sing:

oriente ward a substrate, the substrate in a

f iah HCPOsdritdDdwarl a§ibéeate Otht BebsEES in atfirst gositivh relative to the ECS
di stance fromthe ECS, the substrate including

a .
at a figah dibtance front the BCSh the qubstzate inghydingea eAnduetive filgpan p Aipsd surface of
th @ siib_st rate i nverter capable of inverting the
e SUDSHAPY ate relative to the ECS such that the substrate

| 9 uBstatS BGOASH dﬁ?ﬂﬂé bf)ﬁvél@i(lr%tﬂﬁé/ﬁbﬁt@até R?atReSo @ie BCS such that the
second distance fromthe ECS, the second distance

substratpuialin & second pbsitien reditivedn de ECS ot atpsond distanre feamghe BCS, the

t.h bstr at .r.ol t | ed h h
secong SRR SO LS e el SHrRes 1P 4 M Eis ol ety o
EGRonir8NakteW ddupldafo edsds ahe corirdl Bfstérh 'irfc‘lud?{x’%i tion;

| ogic that detects a second ECS signal with e -
subst r dogc ithrat tktects e fostE@Dsigoal ovith the eghstrateriatthe first position;

et o ey S S A TRt BBl B posion
fs |ogr; nglh Go&iCthaA QteinlBieS £ R RrRE S12RA1 dqBNAbL a diffEreR&CIeen a first
signal level on a calibration graph for the ECS and the second signal level, the second signal
level being shifted a distance about equal to the thickness of the substrate; and

logic that calculates a first substrate component of the first ECS signal equal to
a product of the first distance and the difference signal, divided by the thickness of the

substrate.

14.  The system of claim 13, further comprising a stage for supporting the substrate in the

first position and the second position.

15.  The system of claim 14, wherein the stage is adjustable to compensate for a thickness

of the conductive film.



| evel being shifted a distance about equal to the
t hi ckness of the substrate; and | ogic that cal cul ates
W@ 2004054313 ubst rat e conmponent of the first ECS BCTNS81003/041084
equal to a product of the first distance and the
di fference signal, divided by t he thickness of the
substrate. 14. The system of7claim 13, further
conprising a stage for supporting the substrate in the
16. f iThstsystersiof claimdBdwhéreinsthe sutgtrpesntareninchises ahendgifecéon that
.of claim14, wherein the stage is adjustable to
can my, B%Ae.0r a thickness of the conductive film WO
2004/ 059313 PCT/ US2003/ 041084 17 16. The system of
claim 13, wherein the substrate inverter includes an
17. erftieefftamiofclaimdB, whemin thy extistrhiedn wiites inchides ad dctudibethat moves
systemof claim 13, wherein the substrate inverter
theECécl udes an actuator that noves the ECS. 18. The
system of claim 13, wherein the ECS includes a first
ECS and a second ECS and wherein the substrate is in
18. t Maekystah of okirhildnwheknt thy ECSAnélngesfd first EESAndadeddnd ECS and
substrate is in the second gositi on relative to the

wheraie thersgbstats isap ghefitst Rasitionelative t thefisst Fe andthe sgbstrgte is in the
. ' [ 9., T t
scon AU Sk PSS nTh BYSLETI Y sy s e
subst&fidBY alighethe second distance. 20. The systemof claim
18, wherein the first ECS and the second ECS are
operated about 180 degrees out of phase.

19.  The system of claim 18, wherein the first distance is substantially equal to the second

distance.

20.  The system of claim 18, wherein the first ECS and the second ECS are operated about

180 degrees out of phase.



