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| DENTI FI CATI ON USI NG SCATTERI NG SI GNATURES CROSS- REFERENCE TO RELATED
APPLI CATIwWis92/Bb3sa application clains the benefit of the fiAdMgsoof2IRB S,
Provi sional Patent Application Serial 5 No. 601232,578, entitled "Speed

| mprovenents for Identifying Structures Using Scattering Signatures and a
Library of Scatter Signatures from Known Structures", filed on Septenber
13, 2000, and the specification thereof is incorporated herein by
reference. BACKGROUND OF THE | NVENTION 10 Field of the Invention (Technical
Fiel d): The pred¥RROVRDSTRUGAUREIRENTFICATIONURBISIFATRERING SICNATYRRRI | v
control of features in a structure, and in particular to neasurenent by
«means of inference techni ques. Background Art: 15 Metrology instrunents,

such as scatteroneters, mRaﬂ:ERmctemmmmﬁApembApmt ers, and

el ectron mcroscopes, are used to neasure mcron and subm cron scale

structur esf Schhis applisetiancglaims thefbeasft ofites Bing of &RdPreyisipnst Batertdpglicatigneyeriah e
S1 UGt ONDIEB3 55b Sleg 51BNk Haleh S (TIN5 RSPl L

m cr oscopes e nreasure cent
resul ts hawea Elbﬂwfbfsbﬁter 8Rh&ARS frbvh Khewr sm&dr&"wda@eaﬁhmemdzdm ariftRé 1 i ng
the structure in a manner 20 simlar to that used by the other techni ques.
M P. Davi 8Sessificatien thereof Is'ingaropitedrheeeindeytefeedanreqig Approach to SEM Li ne W dt h
Measurenents”, Proc. SPIE, Vol. 3677, Conference on Metrol ogy, |Inspection,
and Process Control for M crolithography X1, pp. 640-645 (March 1999).

I nference via |inear estinatigfckeRIGTRS bPITIE megm-n@Ng U. S. Patent No.
5,114,233) entitled 25 "Met hod d for Inspecting Etched W)rkpl eces", to d ark,
et al 10 RField akthginyentionATeghpinalfild)gy for the Use of Diffracted Scat t er

Anal ysis to mensions of Pe tr res”
Ayl s £ o NeAR b et b BRI TR o BT | o
Pat ent  NOstritufed 3n® PidartRibid tb hiddsurdbét by MBI of Mfderfol Mchmbuedl Li newi dths in
Periodic Structures Using Spectroscopic Ellipsonetry”, to Blayo, et al.

but generally does not yield the quality of results desired of a productlon
nmet r ol 0gy g &OroundA WO 112/23382 2 PCT/USIII/~2123

15 Metrology instruments, such as scatterometers, spectral reflectometers, ellipsometers, and
electron microscopes, are used to measure micron and submicron scale structures. Scatterometers,
refiectometers, and ellipsometers infer the structure from a signal obtained while measuring a
sample. Most electron microscopes directly image the measured signal onto a display, but recent
results have shown that more accurate results may be obtained by inferring the structure in a manner

20  similar to that used by the other techniques. M.P. Davidson, et al., "An Inverse Scattering Approach
to SEM Line Width Measurements”, Proc. SPIE, Vol. 3677, Conference on Metrology, inspection,
and Process Contro! for Microlithography XIl, pp. 640-645 (March 1999).

Inference via linear estimation is feasible, see, e.g., U.S. Patent No. 5,114,233, entitled
25 "Method for Inspecting Etched Workpieces®, to Clark, et al.; R.H. Krukar, "A Methodology for the Use
of Diffracted Scatter Analysis to Measure the Critical Dimensions of Periodic Structures", Engineering
Ph.D. Dissertation, University of New Mexico (1993); and U.S. Patent No. 5,739,909, entitled
"Measurement and Control of Linewidths in Periodic Structures Using Spectroscopic Ellipsometry”, to

Blayo, et al., but generally does not yield the quality of results desired of a production metrology tool.
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I nference via table | ookup has denpnstrated production quality results, but
can require nore tinme per neasurenent than is avail able to neet throughput
speci fi cavo@nsszgz The requirenments on the inference techni gpggasonsiizpecone
nore stringent in the future. Linear estimators will require nore degrees
of freedom over |arger data sets and | ookup tables will require |arger
tables. In either case, there is a loss in neasurenent quality or an
increase in tine per neasurement. The prgsent invention provides a pruning
and interpolation technique that greatly enhances speed of | ookups. 10
SUMMARY OF THE | NVENTI ON ( DI SCLOSURE OF THE | NVENTI ON, The present

i nvent i onnfe®ncd viatablgdbdokop hasrdeandstiaeddpeiuotonpiubiny reguis, B ke eaaies horb timepeof
signatures and correspondi ng known structure paraneter vectors, each ¢
si gnat ur dNeaSYERTeRY thay is ayalalle ofeset Yrqpabput sRastisstionsonpri si ng: for a gi ven
reference signal vector, interpolating a paraneter vector assum ng that the .
given reference signal vector and its correspondi ng paraneter vector were
15 del et ed f r The tehairanheroanieinferddt&teyhniques wildeedrma@odel3@ingént @thé Ritueé.ence
signal vector and the correspondi ng paraneter vector if an interpolation

er r or Sbetliftanetindtosowill EgBiEHRPTS legaparfiieadony aner lrdes Aeta seie andhipelkup dabiasawill

par anet er,_ V¢ I es$s..; .

emboc morpanpaentgbiescFelthe? itk B15ksh HEpdifemarPolanl P bFnEleb in tm per

pr edet er méreareplent; Jhe biesatt idvemida pfodideia plubing bhd iyiteBiolaBibiy @bhriiRie@ist geathysi gnal
vectors. Performance of the steps is preferably submtted to a renote 20
conput er e9hanges erpsdoblPOkEswork, with results of the steps being retrieved
fromor returned by the renote conputer. The steps are preferably perforned
utilizing a dedicated CD-ROM and/ or randi sk on the renote conputer.

Per f apmance of thesighRARY ORYTHEANTERMION @@ RfbURESOF TAE IYENBIRM €i t her
automatically or manually. 25 The present invention 1s also of a systemfor
and net hod of The present ingertian isrofi @ gystem tof encemethod ofiprening agkfesdngetitrary @6 and

correspondi ng _known structure paraneter vectors, each signature.conprisin
21 ef of orianagres G epat o B B aP S SN aHo T S ) B TP o
pl ural i t Yrefent&§ignaP Réckor SdodpAsing: 6QXgiVeRGERFehce SEHEPYdcRr isterpbiatingld pHrdnideran

i ndex vector for an unknown signal; determning error between the index
vect or f oectohessumiog dvahtheiolyamrefaentesignalivesterand its cerrsboridingedrrametar gecterfwerd e

WO t 12/ 23 PCT/ US01L12123 -3 | j - and identifyi tch
candi]1§at ed%f%,d ffc}%twﬁﬁ %rSK}&?%'gia&’haﬁ‘d ‘%3‘@@@%&8"@?@%& s‘/gi?glg"teglgr %@gﬁ%gpondi ng to
t he ref er@pRegohdisd fdramBEEVecER hiPhtdrfoldibe e®dr befweb S thR @bR¥¥pandMHgG ARSI & VR & Er

threshold. In the preferred enbodinment, a plurality of conputer systens are
enpl oyed #ndithepiptefrofatddrngrameder yedterus lass they a thegsbeldivalie gip therptefedeshamtfodinrent,

i sor et 6 5 PTRTRGH 24P eEp EPETHTE FneBlbd yroeplRaT Br LA g 1B 40 vy o
det er m ni g r@BRnEGHTa! JtioRd PefroRfinbOEMRIstERis AreRkdbhyAubhite®@{o  RfRfeeNCe
signal index vectors. Performance of the steps is preferably submtted to a

r enotdd caiepwier oipdm cemputarpatverk, widt igewiis)of thie isteps beind tetiewdd franeorgetemed betheg
retrieved fromor returned by the renote conmputer. The steps are preferably
ber o e BPFEPIPHET A GiPE e e G KBTI B2 freLiereh L RN st ek
conput er . ofRRE feHotPEripuRt. PeRMARE ! tﬂ@!teP?mgyobéé{B_mitfeH%ﬂd RS BN ddither
retrieved either automatically or manually.” The invention is additionally
of a systawnaticalgedmaedadtipd of accessing an i ndexed reference library of

si gnatures and correspondi ng known structure paraneter vectors, each
signature conprising a reference signal vector, with the library

addi t4zonal | y LS : | 4 g I S,
comprsi ng: cal SHIcRs NefioRlaifdr sy i T i HBG f hcod O an ORH hEBhAY *.
an absol utbeargloffsignnmresant eatesporkigmbvrestiupit pavandtenrvettons, ddep signdtmewn si gnal

and a reference signal index vector of the |ibrary, and identifying as a
mat ch cantfMPHBIAO p Hierenre SIARYSHAT withihgiibraryadditionafy. eonyriging p Plieality if reference
correspongy b r eNCe. S | { [ L sidhal. lifind he
absol ut o PRI el ERERERE oI ol MR UEHRAn Ikl gl Y88ming

pr edet er nerrve tetivherethb 0ldex vexdr eor thelunkidva sfynelfaad mecfe@tcesidmatindgeniectopoftielir al i ty
of conputer systens are enployed for perform ng the cal cul ating,




determining, and identifying steps, wherein each of the conputer systens
perfornms the steps on a discrete portion of the reference |ibrary.

Pr ef er abl woaml8s82at i ng, determining, and identifying i s padmuswmdzfzer a
plurality of reference signal index vectors. Performance of the steps is
preferably submtted to a renote conputer on a conputer network, wth
results of the steps being retrieved from25 or returned by the renote
conputer. The steps are preferably perforged utilizing a dedi cated CDROM
and/ or ramdi sk on the renote conmputer. Performance of the steps may be
submtted and results retrieved either automatically or manual ly. WO
02/ 23382 REany 480 Idehtifdidg 28a métcliopretidass foattle amknage sigeah d refereade dgpatvertes, and
further scope of applicability of the (Pre_sent invention will be set forth
in part iFP’@ﬁ@’“&@B “8(5“%[8%9%‘%?' iRAex v BPTdl thefiror SReIqwA pradeterined teshgite In
appar ent ?e);%[ﬁ I W ng, or
‘may be eg‘r8 d Ee% ef)'{ri"g{’:k'f%g'ew'f-‘ﬁapﬁé’ﬁ? n\ﬁﬂ%?lg)gn rﬁ%hl%bg?érﬁaen@ﬂa \}gér])t ages of

t he i nventélaﬂ‘atlﬁ@.wefe&mhﬁgl dnd @dbntfyidg ﬂé;ﬁsﬁWhﬁdmbﬁcW&tﬁBcoﬁfpuﬁr §ys@ms performs the
instrumental ities and conbi nations particularly pointed out in the appended

cl ai ms® DEtersRnEEriggpteyporippofbeeferance)ipramobrefeabhsCal qulating. NelerinitrorRPEARRY! NG
OQUT THE | r

Syst om { oA berlfiedlof S il BY RRereD slofel ol Dod PP WAL e AR
in a |ibrpreferaby dublnitad Yo Dienfoef @mpiieeorsa gimaduter netwgkneitraeaudls ef théetepd eirgugh
nodel ing and sinmulation or is generated enpirically. The library is then

pr uned byrel"@f'f?ﬂ/ﬁr%°%'ieb‘H§F’§’y1“WdFmﬂ‘ﬁ)?°'B@‘t§c f slees e pesHradepRriopn "!Q"Zi"ga

i nterpol agi o agm?s]

pruned ||gr°géra§ff|ésm§ enﬂéﬂeo?lg kinlltoﬁy} r%'}(;)lr&?gﬁ% ‘.“ﬁg%&fg ag?éSﬁériJl}?egfé np{yh one or
nmor e ithdexibhgtddang résaltsretieded dxaér autodrtitang ok mandamdex based on the magnit ude
of the correlation. Finally, 15 the index and library are | oaded onto a
conputer, preferably a speci aI pur pose match conputer. Matchi ng i s
performed by Sllﬁlgn;}(vtekt'ior;\% itllé | %{‘%s ELQ‘% a d%é\ﬁ‘c?afoﬁé e55| JFP Hée%é e%%n%g
correl ates the unknown signa "% YRE 1 hdexi ng func dRctions to
identify m&w@fsumhﬁessargrwhsspbmﬁg @BWﬁatﬁucﬁjréTbérarhetbﬂvdcﬁ% Héﬂﬁ%@hﬁluﬁ# gnal . As
appropriate, interpolation values are cal cul ated between the unknown signal
and the cFYBRising ﬁd?fé'f‘?f‘?ﬁgs‘gf@f \@p@nd@hﬁhedﬁmaddmﬁ@a"gmrnwws@ RiusRlity of sefereeced i n
the 20: un f es.
Dot ai 13 of I8 VAbfts) by Elloidtng Hh LG yeclop i b Bl P, Bhge i

f or war dedatseluee dlmémweawfmﬁﬂhe MBexsyesioffir thefunkdd@n |sng§i and B @efﬂ’éﬁiﬁ‘e&iﬁnal index
invention is predicated on the fact that the time required to find the best
mat ch of ¥ertQiekiheliprai gﬁaﬂermmmaaa|nwﬁcgéan¢lwéfoythewnkr@we SERY @ refergnen signak

dependent b QUaLesBldng b WEALrcRb4 SonaRab \BaBl BRI 8L ripURARLARE! , TU!

be perfor rary in e conmputer's
menory, agstorard hefow wrre&flindh@ealhésblﬁ aphedéteRmhdinieSioldd@aior. 1 1R tHelpRefémaput er ' s

nmenory. WO 02/23382 PCT/ US111/-t2123 -5
20 embodiment, a plurality of computer systems are employed for performing the calculating,
determining, and identifying steps, wherein each of the computer systems performs the steps on a
discrete portion of the reference library. Preferably calculating, determining, and identifying is
performed for a plurality of reference signal index vectors. Performance of the steps is preferably
submitted to a remote computer on a computer network, with results of the steps being retrieved from
25  orreturned by the remote computer. The steps are preferably performed utilizing a dedicated CD-

ROM and/or ramdisk on the remote computer. Performance of the steps may be submitted and

results retrieved either automatically or manually.



The vectors referred to in the follow ng description of the invention may
have only one elenent. In the case of vectors having only one el enent, they
are scal aye oganssgshoul d be treated as such. 5 A reference Pcgnahi/i41123 is a
vector (r1 r2 ... rj) of measurenent val ues obtained froma netrol ogy tool
or may alternatively be a vector of sinulated neasurenent val ues obtai ned
froma conputational nodel. Every reference signal is associated with p, a

paraneter vector (pl p2 ... pk) , indicatjve of a structure which) when
measured, would result in the reference signal. 10 An unknown signal u , is
a vector (ul u2 associated paranmeter vector, p , is not known. ui)

anal ogous t o ©Objecishaiventhdesraad aevel eatubed] ardiathAr scepe bieappkzabiiity opthy presera set  of
reference signals and their associated paranmeters. 15 The error (err)(a,b)

'S a soal EYeniRN WEOF FRATRCR b5t BNt detaie 95SHRRG b THIBMBIEHN PolbWY BeSaBIeEPPEIeRor
functi ons, gl QM?eQ'methQ%rthE& iﬁtﬁ% ibrPh uie”f&l gﬂ@hﬁﬁﬁ?’@?&r&g%&&acﬁ&r &Hlne Eﬂe

root nean square er error nobi's ance

vect or s anwiflo) Tae@bjetts dhd drbaages & netifuentidienaydetrbgitedodnd2@biRed®ahedns offay be
resanpled in order to yield vectors of equivalent length. A preferred
resamfl i e petryregntabites and cpmbiaations Pty PPiptad owtibthe éppatdecheldims frequency
based resanpling based on Discrete Fourier Transfornms (DFT). Basis seas

ot her than sines and cosines of the DFT can al so be used. The error can be

cal cul ated in the transfpPESCRIPICN OATHEXREPERRED EMBOMMENDE M space is the
frequency domain representation associated wth the DFT. 25 The match error

is the error obtained "-,"s u*'-".' SHOR CARRYINGSLW: INVGENTHAIN) and t he ot her
is an unknown rement [ rror t ai en one
520,k Rl OSFSSORE FHERS k e  p

par amgt er sadring BRnAtd élﬁéfété&elé@ﬂ@lfin b et hablakyas referer\ws%é@ ®3fRAerated either

through modeling and simulation or is generated empirically. The library is then pruned by removing
signals that may be accurately represented via interpolation from other signals in the reference set.
An index of the pruned library is then generated by correlating each signature with one or more
indexing functions and then ordering the index based on the magnitude of the correlation. Finally,

15  the index and library are loaded onto a computer, preferably a special purpose match computer.,
Matching is performed by submitting an unknown signal to the match computer, which correlates the
unknown signal with the indexing function or functions to identify one or more signals that appear
similar to the unknown signal. As appropriate, interpolation values are calculated between the
unknown signal and the closest matching reference signals. The structure that resulted in the

20  unknown structure is then calculated from the interpolation values. Details of the structure are then

returned to the requester and/or are forwarded to a factory automation system, or the like.

The present invention is predicated on the fact that the time required to find the best match
of an unknown signal from a large library of reference signals is dependent on over-all library size,
25  the number of comparisons that must be performed, the time required to load the library into the

computer's memory, and whether or not the library remains resident in the computer's memory.



-6 PCT/USII1/-42123 The interpolation error is the error induced in a
paraneter vector by interpolation. If rp and Pp are a neasurenent vector
and assoGyatyedsar aneter vector in a library, then matchi pgTysoas2ian
unknown signal against that library would return a perfect match with no
error. If rPis deleted from5 the library before the matching and the
match algorithmreturns an interpolated estimate of the associated
paranmeters, Pe, then (err)(Pp,Pe) is the_d'_nterpol ation error. A reference
library is pruned according to the invention by renmoving the reference
vectors for which the interpolation error is |less than a threshold val ue.
10 A ref er enceTHei atdrsyrefesedtoat e adibying debexmtidn aitbeindentign ay héve onlyweat i on by
corrparl ng each reference signal with a basis signal to produce a val ue, ilr
f (r, bl)elempir 19 thecasg obvaglo havipg eply pne i?'B?'évr‘P’é’sar%m?Cé'a ndisheyld be,teatedp Sby
calculatr an index vector defined as ir = (ilr,i?2r, ,i11r), where each
-index valueis calculated as in the single index case. There are many
sources of basis vectors and a 15 nultiple index scheme uses N i ndexes
usi ng basis yectors. .The Four 8is s i S | f
basi s ‘J\>Iect ors, X erﬁ?cg squr‘gl f—laag 88Ir (P‘D’scret‘ Ofg'c?ag"rgmg"%abg ‘f%‘a?'berﬂ f'%ﬁ‘r nci pal
conponent s l.et an r co
st 11 rspeatydon ooy BmARE e IR &'l Bahe ARl BaBed R 81 0
of corrputcang)utduembmbaar Evespteferace signarmssmaldrmm mfa ptaraihetarvpctskr Il in the
art. 2a An index vector for_an unk nal , a ., ie cal culated in the
same manné Bz foPx "‘rde‘l""e’reé’ﬁﬁé"‘écfué%‘éﬁ“c 89'“%" Tedpured. woyid [gSylbi) the refefents ey o
are two s, to use the index vectors. In the first nethod, the error
bet ween t%é %5 unknown si gnal index vector and each reference signal index
vectofg (err)(iu,ir), is calculated. If the error is less than sone

threshol d, then the associ ated reference si is ident as a

candi date and PF HkIQWR §ORh My Frck vector (i 3z 12/ ggé%aémm?s togcT, hﬁéﬁéﬁ"ci?f%tmﬁe

second wa ssB&atE&EarBrﬂ&er%@Fﬁ‘ 'zézrgo(pr“eov\;ns to calculate the absolute difference
i'nde

bet ween the unknown si gna X vector and each reference signal index

vector) d =/iu - ir/ (d1, d2, ,) and then conpare the difference
vector to a threshold vector, t = (t1,t2, ...,tl1) . Candidate signals are
t hose for whi chA referercetliprairypis a@etequefergm:@)@jgnals and their associated parameters.

15

The error £(a,b) is a scalar value indicative of the difference between two vectors. Error
functions employable by the invention include the mean square error, the root mean square error,
absolute error, and Mahalanobis distance. If the vectors a and b are of different length, then either or
both vectors may be resampled in order to yield vectors of equivalent length. A preferred resampling

20  method is linear interpolation. Another method is frequency based resampling based on Discrete
Fourier Transforms (DFT). Basis sets other than sines and cosines of the DFT can also be used.
The error can be calculated in the transform space. An example of a transform space is the

frequency domain representation associated with the DFT.

25 The match error is the error obtained when one vector is a reference signal and the other is

an unknown signal.

The measurement error is the error obtained when one vector is a parameter vector and the

other vector contains the true parameters of the structure under investigation.



5 A brute force search is one in which the error between every reference
signal in the candidate set and the unknown signal e(u,r~~ is cal cul ated.
The ref erngpoegnsisgnal with the smallest error nmay be retur pegnasitihes best
mat ch or a paraneter vector calculated via interpolation of the M closest
mat ches may be returned as the best match. 10 Even with the nobst advanced
i ndexi ng such as that provided by the present invention, library matching
is an intensive operation. Al of the stgps discussed so far are designed
to reduce both the nunber of floating point calculations which nust be
performed as well as the nunber of bytes which nust be transferred between
storage and the conputer CPU. Faster nmatches result froma network 15
reachabl e co j - i ng. ' . renc
Canal s, e i erlRR AR, IR Al DA eIITh kbR e
process i, #eta nrasaapestdebiyr @idhesoctattitmramblee veqerdda Whraty, thim mbtchihg rrad ah
conputer transfers data from permanent storage to it's own |ocal random
access nefitansignalagaingt thatdbragyyoulskrelyBceoRfiect Mal WbdRmQlL JE af ffgted fraduce
or 20 elimnate the transfer tine. First, a very |arge randi sk, where a
file Systtbadorayy pefpiedhematching ard the mateh sloodhip seiubRm intesratedbesimate jtheat | v
reduces tdsedtrheds pardniers, 56 @Ak (p V) id th@intda)atea 6lemg program as a server
within a client server architecture elimnates the transfer tinme in nmany
cases. This works because the server programloads a library into nmenory
when a match against that library is requested. The library remains in
menmory until iA refesensetibrary iglprapedaceerding tathe inMention preaioying thezeferenee wastolsfor
program ter m.nat e r rogram does not termnate, any
nunber of‘ﬁ{ﬁ@t@%nﬁ@bﬁggﬁ% '%gés tbge}‘n‘g'efr?‘a(rj\letspe{cgéi Vé??eh little effect fromtransfer
time.qoFurther reductions in match time result fromrunning nore than one
mat ch server for a library. Gven N match servers, a library is divided
into N parts, Apgiense lipgandnpieterabheindexed aosaiding fethe invention by penparingsady g
PCTI USO1 Jeferch@SsibhaPih ¥ baditdidhaPBGhdabe Hall e, Llfqp.be)r. Whéd b]Bé £ Bk vRRar atel y
and in parallel with the other sections of the |brary. The results from
mat chi ng Libradesrareemultiplp désxed by aaleulsting an o0k ecioe defmrd api. edigss edi, ) ovhereoehsb e
the final result. If the single conputer match time is t , then in general,
t he par alihdex vale isieatchlated ab intthénsisgeripdexctase.i Ehelkg areany aprseas of basis velsorsandrahead
assoc1iSat ed wth the

multiple index schgn% 95'(3'5?\, inge!xgg lrjsiirtlghﬂ.bas?s vectors. The Fourier basis set is one possible
source of basis vectors, as are the Hadamard, Discrete Cosine, wavelet, or principal components.
Note that the wavelet and principal component basis vectors must first be computed from the signals
in the reference library. Methods of computing these basis sets are known to those of ordinary skill
in the art.

20

An index vector for an unknown signal, u, is calculated in the same manner as for a

reference signal to yield iy, = (iyyizy i)

There are two ways to use the index vectors. In the first method, the error between the

25 unknown signal index vector and each reference signal index vector, g(iu,i,), is calculated. If the

error is less than some threshold, then the associated reference signal is identified as a match

candidate and processed further.



Al t hough the invention has been described in detail with particular

reference to these preferred enbodi nents, other enbodi nents can achi eve the

sanme resuWwipsi22¥mei ations and nodi fications of the present RawvesSwMsoniwi |1 be

obvious to those skilled in the art and it is intended to cover in the

appended clains all such nodifications and equival ents. The entire

di scl osures of all 10 references, applications, patents, and publications

cited above are hereby incorporated by reference. WO 1) 2/23382 g CLAIMS

What is clainmed is: 5 PCT/US01L12123 1. A nethod of pruning a reference

i brary of signatures and correspondi ng known structure paraneter vectors,

eﬁc h si gnat ur eTie0sER6ABWAYT0 asd BE @idexnvettosd ig bdalcuRbLthe absblute mrlmrms bet@sEi thei ng

t he steps : el ' I pterpal ating.
un%\owrf Q{Jna@lngé)y\?e@toigﬁofiagﬁ ?e??{gﬁcgg@hal\ﬁ% Qfctor! B —-E”l _gﬂél d gt’@)' and

par amet er vector assum ng e given reference WE and its

cor r es pongkMEoriikRE ffereh 66 feior W eIl tbr,f-0MNt), hey, ¥, ef MaRBe Bighai®bRr y; and
‘del eting the given reference signal vector and the correspondi ng paraneter

vect or i fthese forwhighpd] at,iforeveyinsiexbet ween t he correspondi ng paraneter vector
and the interpolated paraneter vector is less than a threshold value. 15 2.
The nethod of claim1 additionally conprising the step of repeating the

| nterpol ating and,delallnd, AleRs, i@\rtﬁ(g?rrroqrbgl\r}ggrgﬁsﬁelrﬁre?elr%ntc% si§§auh1:tﬁ'ees for a
plurality of given retrerence signaj yectors. 3. e metho - claim 1
wher ei n peandigaiggalcanddihe ynkaowt Egnal ¢ -’étﬁ’d‘rﬂ"ﬂa@&- e eeferene signg itk Higmaliest on a
conputer network. 4. The nethod of claim3 wherein results of the steps are
retri evederfar Gray Ge retemed axihie Bost matchios Aparemeighyretos calc@edsvia MiespalatiomofidheiA
claim3 ereti nat'&he steps are ge{hf grgrsdtcﬁti lizing a dedi cated CDROM on the
remot e cofPuteraiohes MY PeIaHNEd 5 Pe BPAMAY wherein the steps are perfor med
utilifgdng a dedicated randi sk on the renote conputer. WO | 12/ 23382 -10
PCT/ US111/ ~2123 7. The nmethod of claim3 wherein performnce of the steps
is submtted aBenrwidiihe most advanced indexing such as that provided by the present invention, library

matching is an intensive operation. All of the steps discussed so far are designed to reduce both the

number of floating point calculations which must be performed as well as the number of bytes which

must be transferred between storage and the computer CPU. Faster matches result from a network
15 reachable computer dedicated to matching unknown signals to reference signals. One reason this is

preferred is because the signal matching process is not preempted by other tasks.

The speed with which the match computer transfers data from permanent storage to it's own
local random access memory can reach the tens of seconds. Two techniques either reduce or
20 eliminate the transfer time. First, a very large ramdisk, where a file system is mimicked in the
computer's random access memory, greatly reduces transfer times. Second, writing the matching
program as a server within a client server architecture eliminates the transfer time in many cases.
This works because the server program loads a library into memory when a match against that
library is requested. The library remains in memory until it is either displaced by another library or
25  the server program terminates. As long as the server program does not terminate, any number of

match results may be generated with little effect from transfer time.

Further reductions in match time result from running more than one match server for a library.

Given N match servers, a library is divided into N parts, each of which is smaller than the entire



retrieved automatically. 5 8 The nethod of claim3 wherein performance of
the steps is submtted and results retrieved manually. 9. A nethod of
accessi ngoan/233sdexed reference library of signatures and REWY¥EFIAEI ng
known structure paraneter vectors, each signature conprising a reference
signal vector, with the 10 library additionally conprising a plurality of
reference signal index vectors, the nmethgd conprising the steps of:

cal cul ating an index vector for an unknown signal; determ ning error

bet ween the index vector for the unknown signal and a reference signal

i ndex velray. Eéct\tsleetldni%ﬂnﬂlyraryaslmatbﬁed stearpieflyyand in pesalial withtibdotbersectdas ef theor

the unknown signal a referenc i gn vector corr ndi n he reference
St gnal 1 (ke v B b RSP o sgcE e 8 salkr L AopT L R aracs o

The net hmd fiRdl résuRi MK sl dompinat matcmﬁa)iéltsm@g mtdkﬂel%I 2R ;fafaua%a@dhlﬂn&fwlmg a
pluralltK of 20 conputer systens for perf orma’ght he cal cul ati ng,

det er mi nNngPMPAISES if ht’l‘F'}ﬂ'?]@‘ssif‘%ﬁ‘éeme\%é?s@P'ﬁ‘eé herrataliel AIGAHDE er syst ems
performs the steps on a discrete portion of the reference library. 11. The
nmet haal of claim9 additionally conprising the step of performng the

cal culating, determning, and identifying steps for a plurali
ref erence si dHiPughibeinvendien bﬁs@eelzsesmbedrh@etwbmmn@fﬂame&rwgwg@pe| n

et or k. eyt s8Ry a0 Sl e b S By B s MARaR R, 1T

wher ei N mesifidationsadf tHelResehEMEnfidrewill B3 sivME tb th6<RBkiNEd ih Elelbined lthfehdbdrtermt e
conputer. 14. The method of claim 12 wherein the steps are perforned
uti | i zi nePVAr indhe arperded ciaings Fanrpmodifirations gpd equivagsts dhe entire disclosures of all

10 references, applications, patents, and publications cited above are hereby incorporated by reference.
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'15. The nmethod of claim 12 wherein the steps are perfornmed utilizing a

dedi cated randi sk on the renote conputer. 10 16. The nethod of claim 12
wher ei n pgofoensmnce of the steps is submtted and resultspcatusopyvaas
automatically. 17. The nethod of claim 12 wherein performance of the steps
is submtted and results retrieved manually. 15 18. A nethod of accessing
an indexed reference |library of signaturgs and correspondi ng known
structure paraneter vectors, each signature conprising a reference signal
vector, with the library additionally conprising a plurality of reference
signal index vectors, the nmethod conprising the steps of: 20 cal cul ating an
i ndex vector for an unknown signal; dmi ng an absolute difference
vector fromthe index vector for the signal and a reference signal

i ndex vector of the library; and identifying as a match candi date for the
unknown signal a reference signal vector corresponding to the reference

si gnal i nNtestisdamedisi f all values in the absolute difference 25 vector are
bel ow_correspondi ng values in a predeternm ned threshold vector. 19. The

met hod of claim 18 additionally conprising the step of establishing a
plurality of gonpuiaghetfotSds BRminG AlrefB@hdeAibFANE sighBtufed lafdibotespiding RhdWnT Ni NQ,
and identifying steps, wherein each of the conputer systens perforns the

st eps on syudiregpasmetgroedororeach sighature ednepriging @ réfelgncer signal vegior, tHeanetBaB2 - 12
PCT/ US111/-12123 20. The method of claim 18 additionally conprising the
step of FOMPEFN WESERE%cal cul ating, determining, and identifying steps for
aplurality of refer enceyslaahokBReighaGkabs indpotiRg s phiafmelPLORH aflunfilga! M
18 wherein performance of the steps is submtted to a renote conputer on a
conputler thatttheogiken réfBrenddhegnubidetod af itschaespo@iing/waearseter veetsvdrs deléted fremdlieeps
are retrieved fromor returned by the renote conputer. 10 23. The net hod of
cl ai m 21 "RIFERNES PramePSt eps are performed utilizing a dedi cated CDROM on the
remote conputer. 24. TheRRidIREgiPdn ElefinBd sidnaMA&id? R thB BordspbIviingpardnfidror Med
utilizing a dedicated 15 ranﬂlsﬂ on the renote conputer. 25. The nethod of
cl ai m 21 weicler i aminfeepdiaiomama detvieer the caraspending racdpetdrivecloraand thedgtenpolsted
retrieved autonnati ca_ll .. .20 26. The nmethod of claim 21 wherein performance
of the stRARMIErVERBHP %%H‘a%ﬁg"?séglﬂl"?@e'r etrieved manual |y.

15
2. The method of claim 1 additionally comprising the step of repeating the interpolating

and deleting steps a predetermined plurality of times for a plurality of given reference signal vectors.

3. The method of claim 1 wherein performance of the steps is submitted to a remote

20 computer on a computer network,

4, The method of claim 3 wherein results of the steps are retrieved from or returned by

the remote computer.

25 5. The method of claim 3 wherein the steps are performed utilizing a dedicated CD-

ROM on the remote computer.

6. The method of claim 3 wherein the steps are performed ulilizing a dedicated ramdisk

on the remote computer.
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20 ° computersystems for performing the calculating, determining, and identifying steps, wherein each of

the computer systems performs the steps on a discrete portion of the reference library.

1. The method of claim 9 additionally comprising the step of performing the calculating,
determining, and identifying steps for a plurality of reference signal index vectors.
25
12, The method of claim 9 wherein performance of the steps is submitted to a remote

computer on a computer network.
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15. The method of claim 12 wherein the steps are performed utilizing a dedicated

ramdisk on the remote computer.

10 16. The method of claim 12 wherein performance of the steps is submitted and resulits

retrieved automatically.

17. The method of claim 12 wherein performance of the steps is submitted and results

retrieved manually.

15
18. A method of accessing an indexed reference library of signatures and corresponding
known structure parameter vectors, each signature comprising a reference signal vector, with the
library additionally comprising a plurality of reference signal index vectors, the method comprising the
steps of:
20 calculating an index vector for an unknown signal;

determining an absolute difference vector from the index vector for the
unknown signal and a reference signal index vector of the library; and

identifying as a match candidate for the unknown signal a reference signal
vector corresponding to the reference signal index vector if all values in the absolute difference

25  vector are below corresponding values in a predetermined threshold vector.

19. The method of claim 18 additionally comprising the step of establishing a plurality of
computer systems for performing the calculating, determining, and identifying steps, wherein each of

the computer systems performs the steps on a discrete portion of the reference library.
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the remote computer.
10
23. The method of claim 21 wherein the steps are performed utilizing a dedicated CD-

ROM on the remote computer.

24, The method of claim 21 wherein the steps are performed utilizing a dedicated

15 ramdisk on the remote computer.

25, The method of claim 21 wherein performance of the steps is submitted and results

retrieved automatically.

20 28. The method of claim 21 wherein performance of the steps is submitted and results

retrieved manually.



