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BACKGROUND OF THE INVENTION 1. Field of the Invention

[ 00011 The invention relates generally to

sem conduct or fabrication and nore specifically to

RREFHEIDCAND M REATLE RORIBBASTREMENT OF THIN
FEDMS 4 NID FOESSPITESNON SEMICO NER CTORES UBSTIRATES

to nmeasure material features on substrates.
Typically, integrated circuit devices are manufactured
in the formof nulti-|&vBivestoructures. At the
substrate | evel, transyshiel (Rakisces having p-type and
n-type doped regions are fornmed. I n subsequent
| evel s, interconnect netallization Iines are patterned
and el ectrically connected to the transi stor devices
to define the Ba6KGRODUNDEHK DHEIINVENTION Diel ectric
materials, such as silicon dioxide, insulate patterned
1. Fielghafitheilpyention ures. Etching pat hs through these
I
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meagnadrheant pé filmeddrangweafer prodessingct ri ¢ materi al s, and t hen
nmetal CVP. 0 e ations are performed to renove excess
2. DﬁﬂirH?tF"I“z‘éfttF‘Sﬁ‘ elateddst During i ntegrated circuit
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metrol ogy data, that 1s neasuring material and device
featupesopmerubbtesten nTmuclz;éhyr atagsatedvbinguit ctﬂvupe atei reanudzaturied in the form of

iRy R Y R0 Al Pl MRt By G0V B and n-type

dopelbgibiess ferinedl TABuIRBRLAY Re¥els NintdhniBA thasllidateondines are pattemed
senm conductors continue to decrease in Si ze, the task

and Q¢ctienllveonneiechiorthe rarsjsteredeyines tmqlﬁf@leébq)msgﬁd Eenctigna slgvice.
Dlelé)cﬁr?ccffnﬁf r1af>r QRffE sﬁg {P Hmmee{ns@l fé %ﬂex%ngg (p{%{l(/é‘%e%tu%s Etching

hnn tore roughou

pathmﬁﬁfgﬁihesb Udyetdygrotidska niafiDioe c&ltﬁdtin@@bﬁndﬂiﬁﬁhcft@r dev1ces such as
i nterlayer di eI ectric (ILD) stages, that is
transigtogeidetalizatian ling paterns a5¢ éoraieé|Héénelchlcaﬁereﬁ@l@aqndfthmnetal CMP

operitﬂ)ﬁ? Jr%%é%t fov8lex SR RREFIARYNE used for
non- cort act ness neasurenment of transparent
[0003]; Dmang megratad caelit fabricationxhete asndamt dygortumities @l gathering

he. manuf act ure .of sem conduct or
metrcL)jlogy data t&lat 1S measurﬁlg materuﬁ ang device properties on substrates. Many

properties can be determined by capturing a signal indicating the device, feature or material.
As features and the thickness of films employed in the manufacture of semiconductors
continue to decrease in size, the task of collecting metrology becomes more sophisticated and
precise. Properties of materials on the substrate are carefully monitored throughout the
fabrication process, but the task is more difficult during interlayer dielectric (ILD) stages, that
is when stacks consist of multiple dielectric and metal film layers.

[0004] Optical sensors maybe used for non-contact thickness measurement of transparent
films, such as silicon dioxide and other materials used in the manufacture of semiconductor

devices. Optical techniques such as ellipsometry and reflectometry have been used



devi ces. Optical techniques such as ellipsonetry and
reflectonmetry have been used WO 2005/ 095928

wEens0BR0905/ 010590 2 extensively in the sen ceOTUS1005/010590
arts for nmeasurenent of thin filns (U S. Patent
4,899,055 "Thin FiIn1Thickness Measuring Method" and
U S. Patent 6,160,621 "Method and Apparatus for

exteﬁsnve‘iiy Idlth&/@é}hfceﬁa&%r%frts b ERufht 8N@iTBRASIU.8 Patent 4,899,055
Processes Using a Pul sed Broadband nght Source").
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with features or designs anticipated in a particular
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partla.ﬁl@megmmd)f a30bstrate routexhmpie, folr espactmed qf a wafer 50 it is common to
e-alig nt of substrates is necessary,.. as t
prov%tm%wé o dest aRBit D $etjavhan Biaes hied Fighte Sripr 200mm and
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y a notch or fiducial Is used for alignnment of
mstrsmm;s ragues a foomefpatteot trepgmitiom s erdgr tbeletem;lm acmsc results.
tens require additi f oc gnses. u
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nmet hodi cal and tinme consum ng. [00051 In view of the
matefiglsgcdhe substiatee dihsumthe procassed aepaswement is gregindical and time
megrqyldlng metrology for dielectric and conductive

%% on substrates not necessarily stationary.
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present invention is an gpar atus that neasures film

dielephiccapAeanduciie HIsean seat Bp! saeseREtSEIoRYShoul d be

appreci ated that the present invention can be

i npl emented i n nunmerous ways, including as an

SUWRﬁ%F%ﬁﬂWﬂ%mea device, or a nethod. Several
of the present invention are
[OOOQFEﬁfaHBBﬁ)eQ@hQ%e PreGH{ Invlefitii BANGPPABLUHEAN nRASures film thickness
nbodi nent of the present invention, a nethod is
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[0003}2“ cal sensor at a gl urality of points along the p

at h
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ance Wt K

accor er e rrent 0
a path mloagtai sonfacesofithe bmhi;traﬂe. The method includes sensing properties of the film

with the optical sensor at a plurality of points along the path and generating a map of the film
using information from the plurality of points along the path.

[0008] In accordance with another embodiment of the present invention, a method is
provided. The method includes scanning an optical sensor across a path defined along a

surface of a substrate having a film when the substrate is spinning. The method also includes



provi ded. The nethod i ncludes scanning an opti cal
sensor across a path defined along a surface of a
waenishoabe having a fil mwhen the substrate i SPCT/US2005/010590

spi nning. The nethod al so i ncl udes WD 2005/ 095928

PCT/ US2005/ 010590 3 sensinfg properties of the film

wWth the optical sensor at a plurality of points al ong
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information fromthe pluralit
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0013} B E Wik Out o Bben T Rt BSknt P ED SPPRAGr readable
medi® 8MB&Hing computer code having program instructions is provided. The computer
readable media includes program instructions for controlling spinning of a substrate having
an film and for controlling scanning of an optical sensor across a path along a surface of the

substrate. The computer readable media also includes program instructions for controlling



[0012] In accordance with one enbodi nent of the
present invention, conputer readable nedia enbodying
W@ ooopod®es code havi ng programinstructions i s peDUSTEs010590
The conputer readabl e nedia includes program
instructions for controllitg spinning of a substrate
having an filmand for controlling scanning of an
sensirtgcxtﬂ rapersesnsahe fibn osth the pptidal sedneorpt a pduralityad pofnts &leng the path
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the optical sensor at a plurality of points al ong
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descriation evexemplafaeaidexiphpatoy bolymad eee 1@ resudseqidnt invention, as
1 s bstrates. [0014] It is to be understood that the
claim regoi ng general description and the foll ow ng

[0015E§1&E‘F®Eséﬁfﬁlb‘ﬁbﬁmﬁé BWE&@W and expl anat ory
he i nvention, as

[0016F Tht BRDmpaBPihp ldrdiih i, WHRHCIRE FHidoidrated TtHnd¥SAVdNSpart of this
0016].. The acconpanyi ng draw whi ch are
specifiGatign, pSBF%’taé“oe’ieﬁ“Péqm cgbRdimants @%beawela}fort gidgogether with the

descrlﬁﬁ&%é‘r{/&ﬁ)té ﬁgnn e/ é}lfﬁnrclfp %f‘?ﬁ%elﬁ%rﬁg%senb‘)d! ments of the

nventi on a tht cription serve to
[0017]3E[gum hlizh@pp’ﬂewnof rhgintt oh h@0Dmwesubswate. [ 0017] Fi gure
top view SétteSt 0| nt% on a_ 200mm substr at e.
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[0019P IR $ Eébasfob@tl&v of 803 ardrh AAHEHIB of Erﬁl&lﬁé)m\éir@}@g?f in%dcordance

appar at us capabl e of providing netrol ogy;, in
with oae embddimwat ofaihe Ipresamt ievdndignnment of t he present

o020 B 4B S P Y 85 Bl B BE b ot
substrtePmtdcasr@andervidie 6 SABSEmhIT tIRNSremb e, of the

[ OOZIF{?iegi?enltlB Ip?o\iz?c?etslaopg'th affected by an arm traversing from the center outwards on a
rotating substrate, in accordance with one embodiment of the present invention.

[0022] Figure SA is diagram of an arm with an optical sensor, in accordance with one
embodiment of the present invention.

[0023] Figure 5A-1 is a schematic of an optical sensor, in accordance with one embodiment
of the present invention.

[0024] Figure 5B is diagram of a second arm with an inductive sensor, in accordance with

one embodiment of the present invention.



[0021] Figure 4B provides a path affected by an arm
traversing fromthe center outwards on a rotating
wapbshydbe, in accordance with one enbodi ment pET/UR®05/010590

present invention. [0022] Figure 5A is diagram of an
armwi th an optical sensor? in accordance with one

enbodi nent of the present invention. [0023] Figure

[0025p Riguré §Cas diagmmpdfian apim waith axpoptixal segeorsamd, anjinductive sensor, in
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10028 Figage 41 FaMiaEram lranReaais SapFino! PVIIHE peERlegy, in accordance
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tab or t isp ata obtained fromthe
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Invention. [O Figure 8 is a flow char f a net
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[0032] Thisdisel dsQRSdes R laSn&@tho D &tAppaiaig for MREsuding prdperti®bfdilms on
substrate, in accordance with one enbodi nrent of the

substrpfies s Seieral syemplasnembahiwents DES InFEDtipESakNPY toresrribpdan detail

with r!:li\%éllfl'\g_ oqﬂe [agé)o%rﬁ;an f?x' Sdr:ﬂh?lgé Op4hé foq?) é Hfs%Pﬁ OF tntﬂgl((i,rous

appar at proper
specifiodesdilsalreset fevaratierey @ﬁpzh@er a/t}ﬁt’dngﬁlwﬁﬁéﬁs&ndlfngtolﬁﬁle present
invention will now be described. in.detail

inventiiy. Jf wilk Be ppdersiaod, hewspenie 48 sg}l]gg,,nhgge art, ;pa\ém the present invention
may bk glrz{cgor 1 ﬁltg&ﬁ%fﬂg@t& QM of THEESL R Fic cﬁpa?lg' ﬁrh&hgpﬁgﬂahéesa&gll known

I'n order to provide a thorough understandin
processfopt:m()m leseniot b¢€ﬂl\d§>ﬂ¢rlt&d in HetailMid brdoenaetrnid @nsdoesmdrily obscure the
ver, to one skilled in the art, that the present
preseth(?ﬁP?‘bn may be practiced w thout some or all of

[0033] PRSf: $PRFides & diigkrath oS an hﬁba%tﬁ@éaﬁaﬁfétcﬁﬂ@t%@bmg’\ﬁlhierllé erties

process operations have not been described in detai
of subptmates, deaccprdancowith vae embgqilmeyt ofbtbe presenthevention. Substrates as

described herein include semiconductor wafers and other suitable work-pieces on which
layers of material may be applied. A chuck 52, also known as a platform, holds and supports
a substrate 50. The chuck 52 is capable of rotating the substrate 50 in a direction 55. A
motor may be used to rotate the substrate 50. Any suitable technique for accomplishing
rotation of the substrate 50 may be used, such as magnetic field acceleration, so long as the
device used for rotation does not interfere with the measurement operations described below.
The rotation of the substrate 50 can be accomplished so that the substrate 50 rotates in a

substantially planar fashion. The direction 55, while shown in the clockwise direction, can



present invention. [0033] Figure 3 provides a diagram
of an apparatus capabl e of detecting nmateri al
w@eapmeoiees of substrates, in accordance w t hpONES2005/010590
enbodi nent of the present invention. Substrates as
descri bed herein include sén conductor wafers and
ot her suitable work-pieces on which |ayers of
alternfifiedy baln thdyobetengpdkivse difectibh akingZhe sahmanéthodelogyseraployed by
platform holds and supports a substrate 50. The
thepr@?ﬁ%@‘@@‘?’é capabl e of rotating the substrate 50 in a
I
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that b6thGhe atni 107 S&1 the @edbﬂﬂtahﬁhowai'(ﬁhl@f:owtd% atwedntioy Qurfdcd @f the substrate

substrate 50. A conmputer 150, may assist in
50 in gad#ttamel | i ng t he novenment of the arm 102 provi di ng

[0035! rﬁgﬁé%ﬂﬁﬁ?&ftﬁg ygﬁﬁ ahjaﬁa ? ﬁ%da flOterFavtefs (%?lfrdétﬁ eﬂg E?qunter on
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the substﬁftd: guiretbtatpaint acﬁdir@lmctehatlabm é:ﬁl?odi)memfalmpresdm @tvantion. As
could nmpve fromthe center of tlgg tsubst rate

0
the supjiis 34 5% g the dirpRiiog s thear ORI G BE F rface of the
substr%{%Sj 0Ch tRSdiP8h W5 &1 ﬁnfg?é §§¢1?zﬁ g@ﬁh t”l"h% co t1 §0 dés%@ibed fbove can

i nstance, the a [ xed so t hat
automiard the apdeg of Ineiaammmﬂlhe sulaisratesﬂ()aaswmﬂe@ th‘bumezemhm of dhapearof 102 to
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both the arm 102 and the second arm 10 woul d cover

one of zheorémuou%trmﬁlé@@%ﬁ -to{peing troest ¢fath@patgo Tha cempater b3 controls
the m%? 16%“?53\‘} fllA illustrates a path affected by the

rS| ng fromedge to center on
[0036] Figure 4B provides the path affected by an arm traversing from the center outwards on

a rotating substrate 50, in accordance with one embodiment of the present invention. As the
substrate 50 is spinning in the direction 55, the arm 102 traversing over the surface of the
substrate 50 in the direction 106 affects an unwinding path. Similarly, although not shown in
Figure 5B, a second arm 102' moving from over the center to over the edge of the substrate 50

would affect an unwinding path of data points 21.



the substrate 50 in rotation, in accordance with one
enbodi nent of the present invention. As the substrate
wGe0sm9®ps Nning in the direction 55, the arm 1P@r/US2005/010590
traversing over the surface of the substrate 50 in
the direction 105 affects % spiral path. The conputer
150 described above can automate the speed of
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ovér the surface of the substrate 50 affects one
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bundled together within the fiberoptic cable 125. The bundle of the fiber 126 within the
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[0043£3hz§mthe1 g@amp,le pf g tachngne for making thickness measurements, the optical
sensor 120 can utilize is a system of parallel light beams, having large inspection spots (up to

and greater than 20mm) without auto-focusing and pattern recognition. The parallel light
beam technique is described in "Performing STI process control using large-spot-size Fourier-
transform reflectometry” by Dag, Ayelet et al. Micro, April 2003, pgs.25-30. A

spectrophotometer may be used for analysis of reflected light collected off the surface of the
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capture a film thickness profile of the substrate 50 while the substrate 50 is being rotated as

discussed above in Figure 3.
[0047] Figure 5C provides an another arrangement of sensors configured on the arm 102, In
this embodiment, an optical sensor 120 and an inductive sensor 140 are attached to an arm

102. The arm 102 provides for the traversing of the optical sensor 120 and the inductive



detecting a signal produced by a nmagnetic field
emtted by the induced current. [00451 Still referring
w0 0005iogieee 513, the inductive sensor 140 may beCTIESI05/010590
for displacenent, proximty and filmthickness
measur enents of conductivel®materials. The sensors rely
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as di gcussed. above |n Fi g,u‘gé 3. [00471 Figure 5C )
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extend3lalffss fildl sultafe 3PS %Qicglglputer 150, is capable of providing orchestration of
the movement of optical sensor 120 and the inductive sensor 140 in order to produce a
complete map of material properties of the substrate 50. The optical sensor 120 and the
inductive sensor 140 could also be combined in a single head or other suitable arrangement

that would allow both sensors to cover the entire surface of the substrate 50. Information



mat eri al s such as plastics, rubber, polyurethane, and
kevl ar may be used so long as they do not contribute
wo o00diogioes t i on of optical or inductive signal spCT/082083/010590
In addition to coordinating the various contro
activities of the netrol ogy systemas described in
Fi gure 3 above, the conputer 150 is capable of
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scan tﬁ? lej'":l't‘?cral %e‘hgmcé?: 158 éltd'aﬂﬁﬁbﬁgefh@ sﬁ%ﬂﬁ% subQfatd. "GHP %E@@fgér}éor is

arm xt e cross the substrate

compﬁﬁhd oTtae 1khmrmat1er( elémOnt, asd & s;metrbmetef opspavirophogometer. A computer
sens

t ti
deterrSings S € P QU PRBIE B SPTBME 4ng HHHple g o} SHGenGEt the optical
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reflection off films on the surface of the substrate. The spectrometer or spectrophotometer in

combination with a processor, which may be a computer, is used for the determination of
properties of the films based on the signal returned from the surface of the substrate. The

optical sensor can also detect residue on the substrate.



such as the fiberoptic cables 125 descri bed above, are
capabl e of retraction and coordi nated extension to
wo amslopioag e novenent of the sensors on the ar np@dDS2005/010590
above the substrate 50. [00501 Although the Figures
3-7 describe an optical séhsor and an inductive
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suhstrate having a film in operation 704. Any
perforgigdt apl e robotic, mechanical, or manual technique may
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substrg%—sl— /I%éggggyrbg@ %&?gsfam 1£s%mc%szpqg\§ /dQ ?c?}gc%ﬁtrolllng scanning of an

optical sensor across a path along a surface of a substrate. The rate of advancement of the
optical sensor over the surface of the substrate is one such instruction. In operation 812,
program instructions for controlling sensing of the properties of the film with the optical

sensor at a plurality of points along the path are provided. Instructions for controlling the



12 [0053] Due to the rotation of the substrate, the
optical sensor, when scanned across a path extending
wo pansiovdes edge to the center of the substrate peDUSTIOS010590
data fromthe entire surface. The path affected by
the optical sensor traversi3ng the substrate from edge
to center is one of a spiral. Simlarly, the optical
sensirgeinslade the prapiiiseaddespadoviFigues 2idtabote airhtabehegperiodef flashing of
allgh? gélfrméce OLe ?(qu%ﬁgl? tégq?tége Ny rmrﬂ{:@ Ugégstg%ggng @fccrai(\)/g& from the
surfacWIShd &bStrdts. Pf‘r?élr ?ru@ttlorﬁ fgle&ﬁﬁ lfh%dgeﬁ@ﬂﬂb@of QB{% of the film
that 1s, an anoun time 1 ncl |ngapuseo R
using linfgirhatsmurae thet Ibierafht)gvdabows abing mlad path stprovided fxmmrzttfw 816.

Gene&aﬁg{ %g%ﬁglgqpt ig? uéﬁ:sgqj rzthm)&aaglf%lutgag uent §/gsr g/gﬁ as pregen(%atlon of

the mﬁ%ﬁflm bed ngqamapai@}fﬂ@y SN 8 SOMPuS sBeeh BEpRGAY nfa@ial.
gnal or signals after a suitable degree of

[00575; ﬂrlmf@trmtm ot&me&h@r g semsopt drseribadgo the prasans d’éﬁlﬁﬁlilré @s well as
operatul;n %Ft'hé o ﬂggce?ﬁggglﬁﬁ%le%zo%ghe o;grgsetnp ﬁlvggt% %e ¢ Vf%ie%f being

e en m nat'i

contrckm:@\w' a&forﬁﬂ‘i&r&‘eﬂqiloylﬁg #e use Oﬂpx@@fﬁnbhstrhﬁldnbl Witinehieiaboive
el ement (light source), and the nethod of analysis to

embowen&emmnﬁéashqubb@esqmdehstwethattth@ ww&tzon @a}‘nﬁﬁlp YeRiQus
t h
complst Tk Eh U030 I LAl 3 BEDFEGhAT S O e

operatities gpathosaseqdirdpysyeidal marmpdatidn mfr;ﬁyﬁ’l@dl quadtitiek0dJ sually, though
above Aco ut.er %ESISt i n_the storage of t.he data

not ne&e&afﬂryeewaﬁ aanfiiegyeke e fPpp obflegtrigal qrapneneiipsigays capable of

beingRIcPed, AaHsARYd, k%%m'bmeﬁh&nﬁ;%‘ié'ﬁ Qhd BtheFABY aRipulated. Further, the
repr ésent ati on of 1 ms and residues on the surface

manippfations pmﬁtbmedanr@oft@odeﬁars:d tg lirattimg saeldaoprieducingiidetifping,
be used to provide topographic, film

deten?wqu%gchpaéwg other material properties obtained by

[0058] AGy ATk eratFoRE A& cribdMBerBMRh Aok Barlt bf fReGhvdntibABredibeful
substrate nmay al so be displayed in a table format or

machigp pperdtipise tTheTheeniiap alsp relptepians devieamer asrppphatus fpsperfarming

L e

proceis@@ﬁénalfs ehthiaedby tHelspticaltand 1@0&3?&@&!11561@[ orfit oy e aGeneral-
onput er readable medi a enbody |ng nput er code
Pumo%%m@ltifrséb‘rf’ﬁm Y Agtivatrek orspafigyrgd Ry é&P’éP&HES’é PREra gtoged in the

f
comp g3 PRI v 08 £ PR s A hinpSmal Be BBE Fith Sy
progras writtegin atomlasedosith dtecedvhings heeeir, iok Mmalhisssmore convenient to
i nstructions |egic| ude the rgo ﬁ%fﬁ t he apl nni n]? of the
constryffifsMpLe PeCipized FPARIUS ° BHEOMHNG GrHReA RREREETS: ons
[0059P OR¥ 'e%oﬁﬁﬁen@ Qf]fhE ‘f)‘résbﬁ‘tgn%}ﬁiﬁﬁ 'chg aRb be @mb@@ﬁeﬂ ﬁ@koxﬁﬁﬁléﬁeadable
across a path along a surface of a substrate. The rate

code @fa admartctetnedablmmedlhm Tstcoumpltes esvslable ovaslium freanyutataserage
deViC%&lﬁ% cba% s%(yrg%igtraa\}/h%cﬁ Gan ne(:"therlélgl:}1 erI brésrié-::gdjg); zll %lmpllltgr so)gFe Lt ﬁxamples of
the 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



programinstructions for controlling sensing of the
properties of the filmwth the optical sensor at a
w@baosabioty of points along the path are provi dedr/us2005/010590
Instructions for controlling the WD 2005/ 095928
PCT/ US2005/ 010590 13 sending include the principles
addressed in Figures 3-7 above such as the period of
be distritasdd ovgr aétwoak toupidd computer sastems be thmbtHeeompoter readable code is

st orage apd al.gorit applied to a signal received
Storedfar“gm"gﬂ’ée‘{]%‘% gt&‘ “@E?ﬁ]i‘é‘ggubst rate. Program
[0060! T&?&Jﬂa&%ﬂyoﬂr% dnfHodifHtd Of the PEEsERNBVALLR Prdi'ﬁdeaa Aeiho@fand
| m using information fromthe urality of
apparq:m fﬁréhfa‘tfﬁngnt meaSpsﬁnkmt snpmeppidgaf ﬁhnfb'fa}éiicéﬂmég SgseIS over a
rat.i of t i ncl d
rotatlrbganvtu stﬁzth n?ge gxsve qnl?ag Sbe%r} ceitgs cf‘ hqul 1%1 pelt;[ﬁ‘ls 3P Q%\)g?aﬁm %(nglary
embo@heatsd (GrRRY odith&id ayths eleneien ile BH‘@pﬁa@d‘ntS@t’lﬁ@@ skilled in the art
printed material. [00571 Information obtained by the
from eqasiderasion ef theispeaficationgad prassien el Gp devepuon e TheeriRedimgats and
r [
preferp&iet‘égttute% %ﬁ\%’jélrﬁeﬁ g%y\gergggglglpﬂgb %ﬁﬁﬁ?rgg 3 ﬂgﬂ;l&gﬁ %trhgfl? Ir%@gtlon being
defined tyathpupmehdedpdamys. ng t he use of program instructions.
Wth the above enbodinents in mnd, it should be
under st ood that the invention nay enploy vari ous
What SO0TRWM%s-1 mpl enent ed operations involving data stored
I'n conputer systens. These operations are those
requiring physical manipul ation of physica
guantities. Usually, though not necessarily, these
quantities take the formof electrical or nmagnetic
signal s capable of being stored, transferred,
conbi ned, conpared, and ot herw se mani pul at ed.
Further, the manipulations perforned are often
referred to in terns, such as producing, identifying,
determ ning, or conparing. [00581 Any of the
operations described herein that formpart of the
i nvention are useful nmachine operations. The
invention also relates to a device or an apparatus for
perform ng these operations. The apparatus nay be
specially constructed for the required purposes of
processi ng signals obtained by the optical and
i nductive sensors, or it may be a general - purpose
conmput er selectively activated or configured by a
conmputer programstored in the conputer. In
particul ar, various general -purpose nachi nes nay be
used with conputer prograns witten in accordance
with the teachings herein, or it may be nore
convenient to construct a nore specialized apparatus
to performthe required operations. [00591 One
enbodi ment of the present invention can al so be
enbodi ed as conputer readable code on a conputer
readabl e nmedi um The conputer readable nediumis any
data storage



device that can store data which can be thereafter be
read by a conputer system Exanples of the conputer
wo eadatdoes nedi um i ncl ude hard drives, network ptt/asives/010590
storage (NAS), read- only nenory, random access
menory, CD-ROVs, CD-Rs, COSRW, magnetic tapes, and
ot her optical and non-optical data storage devices.
The conputer readabl e mre@uAdNES al so WO 2005/ 095928
PCT/ US2005/ 010590 14 be distributed over network
coupled conmput er systens so that the conputer readable

C t and executed in a distributed fashion.
L E el SR

t he enmbodi nents of the present

I lp{mﬂtmg@rsubst@ate Hsvlﬁtg aglhod and appar atus for the
efficient neasurenent and na§$ of filps by scanning
s EFAIBING AA\RRtical SCp¥r #LToRYa BYH %SurfPﬁ%of the PRSI has

gﬁgﬂo} mﬁ{)c‘ghg%) £ &R ng‘ ﬂ]@'b ca?%erﬁ V. ﬁ luﬁﬁw ;ﬁ)‘h?’tf along the

er enbo venti'on ‘'w
path; @l apparent to those skllled in the art from

consi derati on qf e speci |cat|o an tlc of th

BB meR e Bt B e raration Feran BRTAHEE palats along the
path. descri bed above shoul d be consi dered exenplary, wth

the invention being defined by the appended cl ai s.

What is clained is: WO 2005/ 095928 PCT/ US2005/ 010590

15, CLAI A Jret. hod rising. spinni.n
2 TRETIRAR ofslai,l SRR IR o hE anRBistt R Be edas of the
substrafet0 3l EenRlof it Bgrate sffectiag@ pdth bher thebsticalofthe substrate.

sensing properties of the filmw th the optical sensor

at a pI urallty of points along the path; and

3. ?ﬁ‘gg DIt a@’lilgo EH%ITDI 8‘%16% 1§ t}%:ﬂam &Sthg gcanﬂ{n%r ﬁg&)h’%ﬁe cérﬁ%?h of c}he:

substrafe t6 ltied ¢xigd ,ofvmubiitfhté hffegpiag la re‘ferﬁd'lﬁitls oagtnhagurfage bf h@isubstrate.
the edge of the substrate to the center of the
substrate affecting a path over the surface of the

4, ?Héh{e &t of chrim N &/H ?Fegm X s@xfnsiﬁ%?ﬂg?b%ifs ?ﬂﬁ% F1R W iE R dphical

scanning I's he ce substrate
sensot inchudes thdgethefing hlightheflacttdeofhifiicsotfacegofahe subsirste. pat h
over the surface of the substrate.
5. The method of claim 1, wherein the generating a map includes performing analysis of

light reflected off the surface of the substrate and applying the results in one of a graphical

representation and a text format representation.

6. The method of claim 1, further comprising;

scanning an inductive sensor across a path along the surface of the substrate.

7. The method of claim 6, wherein the path of the scanning is from the edge of the

substrate to the center of the substrate affecting a path over the surface of the substrate.

8 The method of claim 6, wherein the path of the scanning is from the center of the

substrate to the edge of the substrate affecting a reverse path over the surface of the substrate.



4. The nmethod of claim 1, wherein the sensing
properties of the filmwith the optical sensor

WO nas0oss t he gat hering of |ight reflected of fPeh®ES2005/010590
surface of the substrate. 5. The nethod of claim1,
wherein the generating a n#p includes performng
analysis of |ight reflected off the surface of the
substrate and appl yi ng the results in one of a

graphi ca resent at.i and a text t - :
o. 7 aBp auicaf TR d Wheftn f AGEFt e SEIar A CEpaIg Pf igyiding matera
prope R k&hdiBiive fafttiaRbnaRe 5IEHIE lF MR BiBEEAE, across a path

al ong the surface of the substrate. 7. The nethod of

claim6, wherein the path of the scanning |sfromthe

edge of, t substrate t.o the enter of .the .spbstr.
SR oidtned ST LAV, URFTh HE: el e Slerp hubdGRPREfSH ghained
from the@pedl Rebop hndiheiindRtivibaik6l rotided Raére offa drighical representation
scanning is fromthe center of the substrate to the
and a g orprat fapeessifBieit-at e af f ecting a reverse path over
the surface of the substrate. WO 2005/ 095928
PCT/ US2005/ 010590 16 9. The nethod of claim®6,
11. Wiemeihod} deenpriséhgct i ve sensor is capabl e of providing
material properties of con ive materi

s gn the :
o SFAMALE AODURE SSTE AP PAth delined Ak aurgice o Aisbiate having
a film PRnahe 5 1360308 ﬁ‘ﬁrhgganﬁ map includes information
bt ai ned ron1 ti1cal sensor and the inductive
S sers01g popartickeef the fitmevithf the opticep kérsat atragpurbgnefatcirgnalong the
~and a text format representation. 11. A nethod,
path E'Hﬂ'pri sing: scanning an optical sensor across a path
\Aggﬁé?ﬁﬂlgad R8P oAthSUlliAkeh OhfARmateS trbmitBe PRYAIRY of Boints! dlong the
en the substrate is spinning; and sensing properties
path. of the filmwith the optical sensor at a plurality of
poi nts along the path; and generating a map of the
filmusing information fromthe plurality of points

12. aTes et ofR@dim. 1 11 herbiethephihast thd saahﬁhgnslﬁomwheé@gerbf the
the path of the scanning is fromthe edge of

t he
substrgigria thegeater of thssubsrateafiesting ppathgyer thersarfaes efcthe pypsiate.
path over the surface of the substrate. 13. The
met hod of claim 11, wherein the path of the scanning
13. i Thé nethddne o(l‘a&mt dr, whtreihthe pathhfﬂthtmoanning tihfomdhecaiter of the

t he subsira ect | a reverse over

substrg{atp SR AgE Of Hle ABEAS Aesing S 4ev it 9rrcsah%$ur§rcspﬁthffubstrate
wherein the sensr ng properties of the filmwth the
opti cal

14.  The method of claim 11, wherein the sensing properties of the film with the optical

sensor includes the gathering of light reflected off the surface of the substrate.

15.  The method of claim 11, wherein the generating a map is accomplished by performing
analysis of light reflected off the surface of the substrate and applying the results in one of a

graphical representation and a text format representation.

16. The method of claim 11, further comprising;

scanning an inductive sensor across a path along the surface of the substrate.



sensor includes the gathering of light reflected off
the surface of the substrate. 15. The nethod of claim

wda lgosmbmeei n t he generating a map i s acconpl i shenub3005/010590
performng analysis of light reflected off the
surface of the substrate akid applying the results in
one of a graphical representation and a text fornat
representation 16. The method of claim 11, further

17, R har TR . e M E p2iFe SE PG 6P GoBe 34k ot he
substtP {elth UR2QARI OF %%Qbstﬂa?e dffectihB@ paBf S\R4 tRf supfadé T the substrate.

wherein the path of the scanning is fromthe edge of
the substrate to the center of the substrate

5. SRR AT B 855 B SRR e ore

substra A6 MhdEtige of tHeXtibthte 8HEItRE aQtvérfepath Ubé‘rtthélﬁlﬁfdc@ of iR substrate.
edge of the substrate affecting a reverse path over

the surface of the substrate. 19. The nmet hod of cl aim
19. 1%‘he“§: o?f &F ctlenﬁl l'(nrq}ljl‘é}élﬁ/ ﬁlesiﬁ&{ﬁzﬁ(r ?%La%lé){)mqrovxdlqg material
I'ng mater properties of con
propeﬁttbstolﬁéox&hlbfxﬂe:matehatshm thelkm‘fercatoéthegﬁbstfﬂn@ met hod of
clai m 16, wherein the generating a map includes
i nformati on obtained fromthe optical sensor and the
20. | ARGl R ﬁ%@ﬁﬁrlé’mweﬂ?gle'gf@né}gﬁn £ nfap MARYs G¥ormation obtained
representation and a text format representation. 21.
from the rmptlbaj densooant the umrgxctls@ samsdmyowldedin eneptatgrapfical egpresentation
a region tp is to define a surface of a
anda%"d‘ﬁ&mﬁf@ ISSARPUYYLN have a film the substrate being
configured to spin when present; and sensing
properties of the filmat a plurality of points along
21, t Mempthof; commdisiigner ating a map of the filmusing

information fr p
R SRR R4 Fhicioh, B R B ABAGL R gpostae
that cﬁdﬁl@a@@&nﬁi i JubsttdteBeihg eofitgeedio sbhewhaumiemtaadt o the
center of the substrate affecting .a path over

s sersHErepertieeoidhe Sim at @pluraly ofrwénﬁé!mdh%patél %ndm 21,

R A sy e S

path. a reverse path over the surface of the substrate. 24
The nethod of claim 21, wherein the sensing properties
of the filmwith the optical sensor includes the

22, 9FhEFetid dticldim@Nt whelelfh %chfofthé Qﬁm%H%fl@ﬁ@mele EQR of the
substrate. WO 2005/095928 PCI/ US2005/ 010590

substrate to the center of the substrate affecting a path over the surface of the substrate.

23.  The method of claim 21, wherein the path of the scanning is from the center of the

substrate to the edge of the substrate affecting a reverse path over the surface of the substrate.

24.  The method of claim 21, wherein the sensing properties of the film with the optical

sensor includes the gathering of light reflected off the surface of the substrate.



18 25. The nethod of claim 21, wherein the generating
a map is acconplished by performng analysis of |ight
wo edosmesoesl of f the surface of the substrate anplCT/US2005/010590
applying the results in one of a graphica
representation and a text ¥ormat representation. 26.
The nmethod of claim21, further conprising; scanning
25. afhemabibdd ofclaenzlowhaorints gengatihg ahwpgs tdvenplishiaicEy pdrforming
analy%ggﬂﬁ btsir% %:tté{:%ltﬁ %’eﬁgpfggeﬁﬁtggggq%&aéégé @BIP 9{%\3@5 geesluﬁs gnhoene ofa
graphitdPRpFRbRafiéh 4MiEa @RNMoBhakplcbdhtsidast rate affecting a
pat h over the surface of tﬁe substrate. 28. The
met hod of claim 26, wherein the path of the scanning
i sqfr t ent.ar trate to the edge of
26. tﬁrgesngegq% Jrgticgalgjfflég?lli‘thﬁtélggm@%}gg’se pat h over the
s @edmnirgy A intli@ive Yorsor aéress a 2fh albhg theedulfade of the lsabsiadd,
wherein the inductive sensor is capable of providing
material properties of conductive materials on the
27. SYiE3Gsn ogcﬁ]ﬁnﬁbb%h%?etir?thﬁj)gth Jinﬁe %ﬁlh‘fﬁg iQfrofn! i @?lgeGOf the
wherern e generating a nmap I ncludes | fornati on
substratet taitieckntdrrof thet dubsteyp¢ affedtinganmar ovan thet duefacaoftht iswlestrate.
sensor provided in one of a graphical representation
and a text format representation. 31. An appar at us,

28. COMRhhedhRbof daifitiss Whitegn MHelpaiHeF tﬁ@gclaflf?ﬁl@tié ft8m the center of the

mechani sm and an arm the armincluding, an optica
substraterte the ¢dgatof twrsubsirate affestidg@aureverse path peerdhofurfage of the substrate.
substrate, the optical sensor being configured to
sense properties of a filmthat can be present on the
29. SUhE &fhodddf i FURGkFeat te iAdIRtiPPERE is SRR ofiRtbWding material
configured to sense the properties at a plurality o
propepisis of sordushve majssinls antthe surfase of theisubsieatabl e of
traversing over the surface of the substrate. 32. The
apparatus of claim31, further conprising: W

30. 2086 ndAAST cREh 2953Befkidthe 28hkcratlis amdptimclipdes ¢efdfAsbtion obtained
bei nfq in communication with the optical sensor, the .
from fhg10R 1158'1 Senset apd thg @p%tlgﬁéﬁ;@mr@rgwd?%wqﬁ qf@ graphical representation

and o e Moner ei n t e data prosessor s
capabl e of generating a map of the substrate using
31 t Q‘% J%E)glgglrsf éocen?pr?s?r{}gs’ed by the optical sensor.
a substrate holding and rotating mechanism; and
an arm, the arm including,
an optical sensor that can be scanned over a surface of the substrate, the optical
sensor being configured to sense properties of a film that can be present on the surface
of the substrate, the optical sensor being configured to sense the properties at a
plurality of points along a path that the arm is capable of traversing over the surface of

the substrate.

32. The apparatus of claim 31, further comprising:



34. The apparatus of claim 33, further conprising; a

sensor capabl e of being attached to the arm and
weapabd®2of detecting conductive material proper/Us®85/010590

and in communi cation with the data processor, the data

processor being capable o receiving the properties

sensed by the sensor that can be present on the

s ardataqEoodssort Hetngsinlestnnatnégatibh evithehes optidag isemgox; dref dagrupedessor

nse the, pr.p erties at a plyrali.t oi nts al ong
being g SR oL eV RdhapiprO s st B e SotisdsrtseRg over t he
surface of the substrate. 35. The apparatus of claim
34, wherein the properties include one or a
33.  cdirbiapparatos obelaint BRwhdreiokhredata piosdser isfcapaifle afgdnerating a map

tion efflc ent ctivi surface

of e b8 B proR SR asAPMES BhCe e T one. 36, The

apparatus of claim 34, wherein the sensor capabl e of

nmeasuri ng conductive materials is an inductive
34.  sdheapparatps ofiglaing 33 fpethercogiorisingi m 4, wherein the path

e t

| 2 ARPLHE IR bl DR 5 A o G800 Bt

materiall psipesies and th cobr@umipgtionatitis thefdatd mrooesset, thetdatagirocdshe being

capab nf{gcreé%sﬁglconf I@gelil{lgsdﬁn }ts ég%}%gg@g{ qa@g)edﬁg%%{) (r)n the surface of
I
the suggtgﬂg théé’ érrlgé\%g;‘é@rt]‘ gh%@gcr)% é&ﬂé J; Pg%rgéﬁ?} ?;{Jé?ah%/ of points along
apmhthshcamemc&@ﬂﬂ?béuapmsngbwswbémnﬁaenfﬂﬁﬁuhMEMQin t he
path of the scanning is fromthe center of the
substrate to the edge of the substrate affecting a
35. I quehpsarat Bf Sues 34 hﬂxe?é»lﬁfﬂ%ﬁ gértlési"'ﬁlcﬁM@%hé 8t £combBation of
An apparatus, conprising, 2005/ 095928
film tmgmdsszmw/Qfmfsagmonz@ctlactsmmeﬁém@lth@ﬂndmgn@n surfase goygigess,
and t1oTE&! H ﬁﬂg ¢ 3h,arm the armincluding, an opti cal
?8%38 Y {1 CHRYBY: scanned over a surface of the
substrate, the optical sensor being configured to

sense properties of a filmthat can be present on the
36.  sdhe apraratys of ¢lains dhsrhesgin the seasassepabig omersyring epreyctive

materf‘am%%{(ﬁ;@n&@se%@&«se the properties at a plurality of

ath that the armis capabl e of
traverS| ng over the surface of the substrate; the
sens conprisi.n um nat(i on _sour

37. i‘lﬁ gﬁl?%qtpﬁﬂ Jdain %,ewl&eéﬁgghee 4 L1s| tlrom the edge of the su%strate Po the

center of the substrate affecting a path over the surface of the substrate.
38. The apparatus of claim 34, wherein the sensor is configured on a second arm, the sensor
being configured to sense the properties at a plurality of points along a path that the arm is

capable of traversing over the surface of the substrate.

39.  The apparatus of claim 38, wherein the path of the scanning is from the center of the

substrate to the edge of the substrate affecting a reverse path over the surface of the substrate.

40.  An apparatus, comprising,



flashing; a spectrograph, the spectrograph capabl e of

collecting and analyzing a signal reflected fromthe
waenishodbe; an i nductive sensor capabl e of deteCt/usm05/010590

conductive material properties at a plurality of

points along a path that t¥e armis capabl e of

traversing over the surface of the substrate; and a

datsabpraccesding ant hetatihiad megiransegsor bei ng capabl e of

receivi ﬂg t he qR\gfg}?erti es sensed by the optical sensor

arfB 3 RF AT &t %ensor, controlling the operation of

the  apmophichl sbRos A EdreaschflediVer #QHALLRIHeNUbstrate, the optical
mechani sm and producing a map, the map graphically

i netisonbéing confegupediosenieggopariescf.a il tha@oeanbeaqresent on the surface

o] di ' t havi
| AR B BTG s RO Eag S B o R st Bt gl
PHRJAIRNOI PSinksdlbh DN path Miat @ UrAOk lchpibISHH tiivieRghgddveR the surface of
substrate having an film programinstructions for

cHmmsubstratelg scanni ng of an optical sensor across a

pat h al ong t %#{Cgps%ﬁsoqfcﬂpnﬁglsiggbstrate; program

i nstructions control hsing of properties of
the filmw th theandhimi@ation s thedtluminakioh aburty capfable of
poi nts along the path; and programinstructions for
control li ng%égﬁég;ati on of a map of the fil musing

IpQI gr mation fromghhgrdgtaphdthk she BloghPhthSatdd 81¢b1febEng and
analyzing a signal reflected from the substrate;
an inductive sensor capable of detecting conductive material properties at a
plurality of points along a path that the arm is capable of traversing over the surface of
the substrate; and
a data processor, the data processor being capable of receiving the properties
sensed by the optical sensor and the inductive sensor, controlling the operation of the

arm and the substrate holding and rotating mechanism and producing a map, the map

graphically indicating the properties sensed.

41. Computer readable media embodying computer code having program instructions, the
program instructions comprising:

program instructions for controlling spinning of a substrate having an film;

program instructions for controlling scanning of an optical sensor across a path along
a surface of the substrate;

program instructions for controlling sensing of properties of the film with the optical
sensor at a plurality of points along the path; and

program instructions for controlling generation of a map of the film using information

from the plurality of points along the path.



