WD 03/ 023718 PCT/ US02/ 28302 1 SYSTEM AND METHOD FOR REG STERI NG | MAGES
TECHNI CAL FI ELD The follow ng invention relates in general to the field of
i magi ng awo 03/0337ect i on systens and nore particularly to a0TiUsayes302

regi stration systemand nmethod. 5 BACKGROUND | nmagi ng systens are
increasingly used in a nunber of applications. These include renote

sensi ng, nedicine and manufacturing, ingluding sem conductor fabrication,
yi el d 10 managenent and process di agnostics. One manner in which inmaging
systens are used is in conpari i i s. For exanple, a
sem conduct or wafer may incIud§9§%%ﬁ&2§@$$@¢?gﬁﬁéEgﬁtiaIIy i dentical dies.
An imaging system nay capture cREGEIFRING IMAKRE of two or nore 15 dies
and conpare the imges to identify defects, differences, or
irregularities. Imaging systens typically capture two di mensional
attributes o&Eéﬁkf&AEgFIQQBributes of three di mensional objects. In order
to conpare the—spat+al—+tocati on of objects 20 represented in inmages, an

i magi ng system firhe Fellswenhs iavenotioal attstebeinoyeespaidicng thenges.

This registration process may he described as an identification and
al'i gnment of faetdref imagéndnand 1BERBRHICBOFYEEBBAJPARY MREGe, to account

for any shif aZé&Bﬁi%?ﬁEEB?aﬁe%ﬂs&éi Y&y BRYESE i ohNEyEediShhal ki@Rnskep is

i nportant for nmaking a freani ngful CTonpafrison of the™ correspondi ng i nages.
If the carrespondi ng i mages are
BACKGROUND

Imaging systems are increasingly used in a number of
applications. These include remote sensing, medicine and
manufacturing, including semiconductor fabrication, yield

10 management and process diagnostics. One manner in which
imaging systems are used i1s in comparing corresponding
images. For example, a semiconductor wafer may include a
number of substantially identical dies. An imaging
gystem may capture corresponding images of two or more

15 dies and compare the images to identify defects,
differences, or irregularities. Imaging systems
typically capture two dimensional attributes of selected
attributes of three dimensional objects.

In order to compare the spatial location of objects

20 represented in images, an imaging system first registers
or correlates the corresponding images. This
registration process may be described as an
identification and alignment of a first image and a
second, corresponding image, to account for any shift

25 Dbetween the respective images. The registration step is
important for making a meaningful comparison of the
corresponding images. If the corresponding images are
misaligned, the comparison of the images will be effected

negatively. One method for performing this alignment is



m sal i gned, the conparison of the inages will be effected negatively. One
nmet hod for performng this alignnment is WO 03/023718 PCT/ US02/ 28302 2
known as weasue¥ibased registration. As its nane suggest PCTfisar/en3e2 based
registration includes identifying geonetric features on each inmage,
establishing correspondence, and using bhe coordi nates of these 5 features
to identify corresponding points on a correspondi ng i mage. However,
feature-based registration has significant disadvantages. Prinarily,
feature-based registration techniques are tine consuning and require

si gni fi cant HeCERnpEt BeRrbrar- P%%%ﬂrﬁ%glsFﬁaEbﬁFrca%?oﬁtSCBﬁﬁﬁn f eat ur es

may become dé&é%&é%é t Be %&fé%agadtPsgpge§§a§§noine@uaes igkhensleading to
reliability 1s ﬁurt in sone applications it is desirable to

rapidly reglgeemeErlglﬂeaturysobncaacbspmagengepéab%l@hlagnplex i mges. 15

Accordingly, a length |str tion progcess t ociated with
f eat ur e- basedTEGT ??é? El?g gﬁgv%PSFal3%§§§tPgnaFgégeed and

t hr oughput oteabﬁrégagbngdeﬁy§fﬁnbofesspbﬁaah@ypoaﬁtbhensaze of devices
formed on sem conductor dies decreases, imaging systemw || be 20 required

to inspect |%@¥é@§@ﬁ@@¥n§nﬁmﬁ9§tructures As such, errors nmade in the
registration of %a§§89”d589Fuk€HE§§e&‘kEgEStngth'ﬁgs SYANARY cad®

Therefore, a nee arl sen an Image “registration system and net hod
that is cpnpﬂiaad@mnthgeseffPrnmarllﬁ,fﬁeahareﬁbededasegnSSentﬂon an i mage
regIStratlontechniques are time consuming and require significant

10 computational resources. In application, common features
may become difficult to extract in the presence of noise,
often leading to reliability issues. Further, in some
applications it is desirable to rapidly register a
plurality of corresponding pairs of complex images.

15 Accordingly, a lengthy registration process, such as that
associated with feature-based registration, limits the
overall operational speed and throughput of the imaging
system. Additionally, as the size of devices formed on
semiconductor dies decreases, imaging system will be

20 required to inspect increasingly small structures. As

such, errors made in the registration of corresponding

images will be amplified.

SUMMARY
25 Therefore, a need has arisen for an image
registration system and method that is computationally
efficient.
A further need has arisen for an image registration
system and method that efficiently processes complex

30 dimage data.



system and nmethod that efficiently processes conplex 30 i nage data. WO

03/ 023718 PCT/ US02/28302 3 A still further need has arisen for an i mge
regi stratwonsned7mod and systemthat facilitates increasedPCINSOERA302

t hroughput. A further need has arisen for an imge registration 5 system
that is both accurate and robust. In accgrdance with teachings of the
present disclosure, a systemand nethod are described for an i nage

regi stration system and net hod that reduces disadvantages associated with

previ ously used image, egistration stens. The inage.reqistration
systemof  the pr%s%?%ffn%%ﬁ?$%ﬁ ?ﬁ%@uﬁ%% %r%%%?sf?ﬁt? n"BAgF ne t hat

recei ves conplexst PROEoMaharhSHCANASsTEeaHerieyt doaBi Nitdaks, ihereased
correspondi ng Tmages. The registration engine calculates an inverse of the

conpl ex ponj%@ﬁﬁ@ﬁwﬁbﬁnmghbﬁF15 the fast Fourier transform[FFT] of the
conpl ex i mage Q?iafﬁi?ﬂgﬁ £éé&thé$39figﬁg Foe gﬁTiﬁggéhfe§§899gtion .
ct o e [ n,

correspondi ng, inmage.” I'n oné aspe preésent I nventi an inmagi ng
system i s di sgsiosedchdiat 1snobbtidescaupaset andi ngbsystem 20 and optica

system and a registration_system The positioni gﬁﬁgsten1na hol d and

sel ectively positI®rP@cordres With 5§g%h§%ﬂ?cﬁ dbtEoP*WafBF. An optical

system is | 9Ll PO PrOXi ABLGstBE BRI hiOROAUaBYSEESEANHgapbur 85 conpl ex
i mges of the target. The registration system 25 connects to the imaging

system and rEvajeesegbaprekionbfrstemasved daecbhedr thakr sedficesr r espondi ng
I meges. The ,reohollatlon SystemEasn, ool cukal esug§otehathegemap for
10 registration systems. The image registration system of
the present invention includes a registration engine that
receives complex image data, such as frequency domain
data, for corresponding images. The registration engine
calculates an inverse of the complex conjugate product of
15 the fast Fourier transform [FFT] of the complex image
data of the first image and the FFT of the second,
corresponding, image.
In one aspect of the present invention, an imaging
gsystem is disclosed that includes a positioning system,
20 and optical system and a registration system. The
positioning system may hold and selectively position a
target such as a semiconductor wafer. An optical system
is located proximate the positioning system and captures
complex images of the target. The registration system
25 connects to the imaging system and receives complex
object wave data for pairs of corresponding images. The
registration system then calculates a correlation map for
each pair of images. The correlation data calculation
includes calculating the inverse of a complex conjugate
30 product of the FFT of the first image and the FFT of the

second image.



each pair of inmages. The correlation data cal culation includes cal cul ating
the inverse of a conplex conjugate 30 product of the FFT of the first inage
and the RFO00#0237 second i mage. WO 03/ 023718 PCT/ US02/ 2880AIS0224902 e
particularly, the imging systemmay include a charge coupl ed device (CCD)
canera for capturing holographic inmagestof the target held by the
positioning system Further, the conplex object wave data received 5 by
the registration engine may include phase data and nagnitude data, conplex

spect rum dat a, Oy L quenC-daka v, 08 Akl 0k ag?/hggccieiﬁ ) helahigand

refl ectance data for “each point "of the target. magi'ng system may
further inchadwgea ccowpdad serviasyi (€D haersagpdices adpUdinst | nage 10 and

t he second, .cqrrespondin i m nd can_identi.f ni tude ,and .phase

11 or ences TARREERTe TSR Biagd SATaTHe Medch Ry iy & oa IRior

aspect of tRegsprasentrudtRI, ehe aoiplIlRed odfedtegissicerdat ivargs v a of
correspondi ng i nmages is 15 disclosed. The nethod includes receiving conpl ex
i mge dat alot thef ines stiadd can@rgisec SRy imededermhastagiedandfd be in the
formof fre t d y st ntly. fd andpass
filer. The ﬁ%&ﬁ%ﬁug%h?F%%V %%E & essggﬁgratlEgﬁgﬁaééwﬁgg%g%gg??ﬁﬁﬁ:ata by
20 cal cul at igegetrad liynvwértsd nefd threnc drplcéx conj ugdtilequaothectdatef fde FFT of
the first ina% and the ,iggag. The met hod furt her
By Eb etk

el udes f1 A A" €6 FReatrsHeak IO T Mg RS o
conpl ex CORERNAHOR, RFhILALTH R MR tMBOPIRRN tie FA%-FOHmRlRE | on
magni t ude map. The di stance between the peak
10 and the second, corresponding, image and can identify
magnitude and phase differences between the first image
and the second image.
In another aspect of the present invention, a method
of registering image data of corresponding images is
15 disclosed. The method includesg receiving complex image
data of a first image and a second image. The images may
be in the form of frequency data and they may be
subsequently filtered by a bandpass filer. The method
further includes generating image registration data by
20 calculating the inverse of the complex conjugate product
of the FFT of the first image and the FFT of the second
image. The method further includes finding the
correlation peak by calculating the magnitude of complex
correlation and searching for the maximum on the
25 correlation magnitude map. The distance between the peak
and the image center is found to be the translation ox
shift between the image pair.
The present invention provides a number of important
technical advantages. One technical advantage is
30 incorporating frequency domain techniques to generate
registration data. The use of frequency domain data

decreases computation requirements by making correlation



and the image center is found to be the translation or shift between the

i mage pair. The present invention provides a nunber of inportant technical
advant agew0 o@0es7iechni cal advantage is 30 incorporating fPegusnzys3dnmai n
techni ques to generate registration data. The use of frequency domain data
decreases conputation requirenments by making correlation WO 03/023718

PCT/ US02/ 28302 5 calculations within the frequency donmain, which mnimzes
conput ati onal costs in searching for a correlation peak between the

i mges, in co son to it atlve echni ques. The use, of. frequency _donai n
data further® %&ﬁﬁﬁ?@st%% *?IE@%nﬁr?ﬁ%ﬁ%%%l%%m%}nCOWB+%§ mﬁ%b@lﬁé? and
i ncreases i n@ghio: Sysde t dsoughwt sedtdhihey 6 ds€orpélspipheyebkBuge

dat a, |nclud|ng hei ght and reflectance data for each point, X and Y, on
the target, ketwrentiee byagem tH!HROPRAYISOR FPylBRERFAYR. The use of

conpl ex 10 | forg rati S nor e
robust than 0o erqgﬁfﬁstré%?g%ééygﬁeﬁgeéééﬁig(%éﬁgﬁ#ﬁg?g%l%ﬁf% DRAMVNGS A
nor e conpl eteupsket st einei ef)f DEidie preseswiid efbcdnpkeaksimade adebat ages

t hereof may be_acquired by, referring to the follow ng degﬁrlpébOn taken in

conj uncti on 4 HRFECRRLDNTARIT Y WY R RGSITPHIWREEh | TRECDPES BRentEs

number s i ndi gat &dyh f&cfﬁaé%é eat ANdi NOEE®L Ay T dndepi et scaankaRgi Ng
system according to the present i nvention,; GURE 2 is a flow diagram

showi ng an idmizre f¢Eg$@¢hap®bmtne$h@@iaﬁco®@|ﬁ@etba¥9etpre%eﬁwslhbentlon
FI GURE 3 shoms & Sen]qggqggfg{cu afiyhggéﬂga@ylt'?ﬂg use of complex

10 image data for registration also allows the system to be

more robust than other registration systems.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present
15 embodiments and advantages thereof may be acquired by
referring to the following description taken in
conjunction with the accompanying drawings, in which like
reference numbers indicate like features, and wherein:
FIGURE 1 depicts an imaging system according to the
20 present invention;
FIGURE 2 is a flow diagram showing an image
registration method according to the present invention;
FIGURE 3 shows a semiconductor wafer having multiple
dies formed thereon; and
25 FIGURE 4 depicts two corresponding semiconductor
dies partitioned into multiple corresponding fields of

view.

DETAILED DESCRIPTION

30 Preferred embodiments and their advantages are best

understood by reference to FIGURES 1 through 4 wherein



dies forned thereon; and 25 FI GURE 4 depicts two correspondi ng

sem conduct or

dies partitioned into nultiple corresponding fields of

vi ew. DEWOLBEMDESCRI PTI ON 30 Preferred enbodi nents and t Ir€iTrusazzssnt ages

are best

understood by reference to FIGURES 1 through 4 wherein WO

03/ 023718 PCT/ US02/ 28302 6 |ike nunbers are used to indicate |ike and
corresponding parts. Now referring to FIGURE 1, an inmaging system

depicted generally at 10 according to the present

I [ m 10_ingl ud hani cal . . I h
08 s S ol TRl e ASLADALE Rl 5o bo

position tar

€m conductor warer

5 invention i s shown.

anot her targghrsyitable for inspection. Mechanical system 12 is preferably
operable to selectively hold 10 ta%get 14 and is al so operable to

sel ectively positiNeW sefergisg tea

mechani ca
sequenti al

18. Opti cal

3¢ ESHééngﬁeQBﬁg?bBE 49 %§h§?SF§§|¥°SE?%C%?%%%Et14 in

steps sized according to t Vi ew of optica

EBURE4L /| At lppeiesr e¥s&fBodi nent

system

sysepmid8 is phsivhi.on@dagBngr syisiretne 10echadudals system 12 and

target 14 such | hat ptical system 18 gay effectively capture inmages of
target 14. Iﬂﬁﬁ%@néﬁﬁguﬁ¥8%89 ﬁ%tP88FaE§§téﬁmE§iéxﬁPd &p et &Pns§§F%ﬁ$18 as
spatial domayp, datrard8: ha aayPretensedaesbadicopalictbhe vaege ogat a capt ured
20 systeminclude a neasurenent of height (z) and reflectance

(a) for eachapetherohatgey) sefitehigeforsinspeesionngl Yechandikied preferred

by opti cal

enmbodi nent ,

10

15

20

25

30

é?EEem 12 is preferably operable to selectively hold

target 14 and is also operable to selectively position or

'step' target 14. In a preferred embodiment, mechanical

gsystem 12 is operable to selectively step target 14 in

sequential steps sized according to the field view (FOV)

of optical system 18. Optical system 18 is positioned
proximate mechanical system 12 and target 14 such that
optical system 18 may effectively capture images of
target 14. Images captured by optical system 18 exit

optical gystem 18 as spatial domain data 19. In a

preferred embodiment, the image data captured by optical

system include a measurement of height (z) and
reflectance (a) for each position (x,y) of target 14.
Accordingly, in this preferred embodiment, four
dimensional spatial domain data is captured by optical
system 18.

Mechanical system 12 is preferably operated by

control system 14. Control system 14 is also preferably

linked to CCD Camera 20 and signal processing system 22
and is operable to submit image location data thereto.

Such image location data may be included with the

captured image data to discern which images correlate to

one another.



di mensi onal spatial domain data is captured by optical system 18. 25
Mechani cal system 12 is preferably operated by control system 14. Control
system 14wp3ab¥es preferably |inked to CCD Canera 20 andPsirgrsat/2§3nncessi ng
system 22 and is operable to submt inmage |ocation data thereto. Such

i mge | ocation data nmay be included with-the 30 captured imge data to

di scern which images correlate to one another. WO 03/023718 PCT/ US02/ 28302
7 In the present enbodi nent, charged coupl ed device (CCD) canera 20 is

further operably connected to optical , system 18. In an alternative
enbodi ment, any sti‘t BBFePragsREceHRYIbBUE | FRBHIEY FerBlee dRUISEore

spatial 5 dopgqp)daifels ﬁbpﬂboﬁhkﬁﬁérs¥§éﬁabi§;cgﬁhéeéédsiétgﬁhléaland,CCD
canmera 20 may preferably utilize direct To digital hol ography ( DDH)
techni ques asyshemwnlBn ULS. anPalearnioive, 6mBodd@entsusadyt euttabérce E.

Thomas, et al.._ _and inco ggrgtgd %érgin bx reference Altgrn tiyely, 10
opti cal syst%ﬁYigeaﬁﬁyc rat20® y ﬁtfﬁlﬁévgnﬁn UFF%BFG bg %ﬁnique to
capture hei ghbméZh aandar ebl eebaneptidrldayateforgpoi 0b8idaY epstamges 14.
In the present disclosure, reference to conplex_inmage data preferably
i ncl udes i neged dePacemarai 30depyveEcfesaPkyYupidhdeA 8brarkelof or 15

portions of a.gi d efer knclude X Y, Z and
A i mage data&%%gggﬂaég%gg%anggg géﬁegéé?ggﬁygﬁeggpggkﬁP %gngf%'into t he
frequency doratant|No.o6e0parBpe2uliasuedbodi Gkatenthi B.t Thnsber neiaglbe

accorpl | shed usi ng. Fast Founi gr, Ttangf ot m(FET). 20, fechnigyes, X ¥ Z and A

10 optical system 18 and camera 20 may utilize any suitable
technique to capture height (Z) and reflectance (A) data
for points X,Y on target 14. In the present disclosure,
reference to complex image data preferably includes image
data that is derived from X,Y,Z and A obtained for

15 portions of a given target. Complex data may preferably
include X,Y,Z2 and A image data that has been transformed
from the spatial domain into the frequency domain. In
one particular embodiment, this transform may be
accomplished using Fast Fourier Transform (FFT)‘

20 techniques. X,Y,Z and A image data that has been
transformed into frequency domain data, is referred to
herein as frequency data or complex frequency data.

Light from optical system 18 may preferably be
directed to CCD camera 20. CCD camera is operable to

25 record holographic image data without the use of a
photographic plates or film. Further, CCD camera 20 is
preferably operable to digitally record the holographic
image data captured by imaging system 10.

Signal processing system 22 is operably coupled to
.30 CCD camera 20. Signal processing system 22 is further
operable to receive and process digital images from CCD

camera 20. Processing by signal processing system 22



transforned into frequency domain data, is referred to herein as frequency
data or conplex frequency data. Light fromoptical system 18 may preferably
be direcwed3nm7GCD canera 20. CCD canera i s operable to PEF/USewzE3R2

hol ographi ¢ i nage data wi thout the use of a photographic plates or film
Further, CCD canera 20 is preferably operable to digitally record the

hol ographi ¢ image data captured by imging system 10. Signal processing
system 22 is operably coupled to 30 CCD canera 20. Signal processing
system 22 is furthe operabl.e to receive,and ocess di.gi.tal imges from
D camera BESLPFORLYSITG IS8 GRANSEPOEGES: AgC 8y SEaRT 9O 0SA025 718

PCT/ US02/ 28398 ;8clr ebegabhyyi Behddasaheanst pi-akagadata tegerded by canera
20 into frequency donmain data. Preferably, this processing includes a

Fourier tranpfeefaseinfoioglughbca HavalekobranA§ormeosi Rl gEarhier
f f h ' ' f th
ol ox. ob; e3¢ g sOSr PR REE g2 bl COHF AL TEELRAS, LEPRUBTEY 00 ed

conpl ex obj eCt "Wave o C i on extracted by

si gnal propcersiograyphtiemi2Zamayndbexgeaetahyythef éreqdehayasff thguency data
and may include_any frequency data obtained by transform ng the 10 spati al
domai n dat a FEERIFEIOPIRES Wﬁ§au8ﬁ0§hﬁoﬁﬁﬂﬁgﬁﬁgﬁ?c ﬁﬁt&'paF%Fcular

embodi ment, $Hg8AhaPEBRCERERECEYA! B $2gnh? BPEEABLENEOsQULRHE 2bagkyouri er
Transform (FFT) data in a stream ng faShion with every instance

represent i ngbet benfEIL oy vaéetiretldtof agi éneabDanayplacessad mpyt he 15 signal
processi ng sxst m,22_nm

regi stration 8h Pﬂ% i%y&ﬁgﬁqagﬁéyg§??ggégﬁégﬁghfggrgE§P%$P%ﬁﬁBé§%§%ssent te
avai |l ablie SBpatial domain data received, into frequency domain data.

In a particular embodiment, signal processing system 22
is operable to output Fast Fourier Transform (FFT) data
in a streaming fashion with every instance representing
the FFT of one field of view. Data processed by the

15 signal processing system 22 may be sent to'short term
memory 24 and later sent to registration engine 26 when
its corresponding field of view becomes available. Short
term memory 24 may include any short term memory suitable
for storing complex frequency data received from signal

20 processing system 22. Short term memory 24 is further
operatively connected to registration engine 26. When a
new FOV comes out of signal processing 22, short term
memory 24 1is searched to find the frequency image of its
corresponding FOV, previously captured. The frequency

25 data of the image pair is then sent to registration
engine 26. The new FOV data is then stored in short term
memory 24 to wait for its corresponding FOV from the next
die or corresponding target portion. The 'old' FOV data
is removed from short term memory 24.

30 Registration engine 26 is operatively connected to
signal processing system 22 as well as short term memory

24. Registration engine 26 is preferably operable to



termmenory 24 may include any short termnenory suitable for storing
conpl ex frequency data received fromsignal 20 processing system 22. Short
t erm menow9 034237¢8 f urt her operatively connected to regi stPcatisomssnyi ne 26.
When a new FOV cones out of signal processing 22, short term nenory 24 is
searched to find the frequency inmage of ists corresponding FOV, previously
captured. The frequency 25 data of the inage pair is then sent to

regi stration engine 26. The new FOV data is then stored in short term

menory 24 to wait for its corres ogding FOV fron1&he next .die or
cor r espondi ngSt&t ¥t CpYP ?ﬁn?m?ﬂg BFa’ TEBY 84P33Li BYPEREFEt PERTSHor ¢

termmenory 24.,38 Regi sbratkpsnenghnechPlEs oRBHat Hueky reerneebed to
signal processing system?22 as well as short termnenory 24. Registration

engi ne 26 i stprefeendry 3fer aBPetrol WY eBrw23718sPcrrpded/ £8302 9 receive
conpl ex i mage ta.fromsignal . pr SsLn 2 i.ts correspondi ng
gme%@%%l af Sgﬁg?ﬁ l? 888 %5 89é%§L?g%ﬁ§r8?ngb

conpl ex 1 mage rom erm nenor system 16 is coupl ed

to nmechani cabckysieal 12yandmi s20pecahteol osgenemoli65ipechanheal system 12.

Control system 16 is further operable to control CCD canera 20 and si gnal
oEéE&BE

processi ng Qp¥eRI22toRegnErPat F6R €AYPRR 268 prd ePEGCFEEATPfy the

transl ation -Shi$s" N8,C ogdi & | $ angkathe
identified b§§?%§@s%%at?gﬁmgﬁg?ﬁ28568%%§ﬁ§y9gemgh???ggﬁegugﬁed in bo?h t he

X and Y direchéonsahslatbos omagehtbtal bghweenhthescovreeppoddingg i nage.
nierpol a1 o eaghne 27.h310PEEs" Lighy sOmACELe L feal ekt apengine 26,
is furthey may be shifts required in both the X and Y directions for
one image to align with its corresponding image.
Interpolation engine 27 is operatively connected to
registration engine 26 and short term memory 24 via an
inverse transform. Interpolation engine 27 is further

15 operable to resample the complex image received from
short term memory 24 via an inverse transform such as an
inverse Fast Fourier Transform (IFFT). This transform
preferably transforms the data from the frequency domain
to the spatial domain.

20 Interpolation engine 27 1is preferably coupled to
comparison engine 28. Comparison engine 28 is operable
to receive corresponding images, one from signal
processing system 22 via an inverse FFT and another from
interpolation engine 27. Comparison engine 28 is further

25 operable to compare corresponding images. The comparison
made by comparison engine 28 includes complex image
normalization, change vector computation, and
thresholding.

Comparison engine 28 is operatively coupled to

30 defect mapping engine 30. Defect mapping engine 30

preferably identifies defects, differences, or

irregularities between the first image and the second



15 operable to resanple the conplex inmage received fromshort term nenory
24 via an inverse transformsuch as an inverse Fast Fourier Transform

(I FFT). T™Wo93mexmsf orm preferably transfornms the data fr@egrTtuse2is3eruency
domain to the spatial domain. 20 Interpol ation engine 27 is preferably
coupled to conparison engine 28. Conparison engine 28 is operable to
recei ve correspondi ng i mages, one from signal processing system 22 via an

i nverse FFT and another from interpolation engine 27. Conparison engi ne 28

is further 25 operable to,congaﬁe cqQrrespo gin i rages. The ¢ ari son
made by conp&PYEerPeRgine 282PrRcPades U8 Ig eiﬁﬁﬂgag6FﬁQIF95P? , change

vector conpui-atipPedardomt BhRphek dbAden§oABabBSAAdERBAB 28 EBnOper ati vel y
coupled to 30 defect mapping engine 30. Defect mapping engine 30
preferably idepineéi 86.defects, differences, or irregularities between the

first image and the secon 03/0 PCT/[ U 283 0 _gor espondi ng
i mage based upon @ﬁg %%%%gFgé?n§?e§g%%§E %Zée?gég g?%éf%@hﬁgriégn engi ne 28
and regi ¢ rathege eagibperabioNowyeetarr hogordikGUBELReapiiesendi agr am of an

5 image registration system according to the present invention i s shown.
The i mage re§PEeREEPBNLEr §PPYBs aThFrgaﬁgﬁc§eagﬁEFﬁtBSEeBIPHFﬁgﬁaﬁor f or

the correl atkpg ﬁgn?%‘waoﬁgﬁﬂl 8% s8hgRaksei Atbherspathal cdemaiarienber
i npl enented 1IN ? e equency donmain using the inverse 10 Fourier transform

of the productwootomhéer Bognaeés inr bhef epatiadr dameini Er ber ansf or m

techni que. T?%pig%ggted in the frequency domain using the inverse

10 Fourier transform of the product of their Fourier
transforms, or a similar transform technique. The image
registration system can be implemented using FFTs instead
of a defined correlation measure in the spatial domain.
The information contained in the freguency domain

15 representation of the complete object wave includes phase
data representing target height information that is not
present in traditional frequency domain representations
of magnitude reflectance images. Searching for the
correlation peak can then be performed in the resultant

20 correlation map.

The method begins with identifying two corresponding
image data, 200 and 202 from a first image and a second,
corresponding, image. In the present embodiment, image
data 200 and 202 may include frequency data of die

25 portions Al and Bl (as shown in FIGURE 4). 1In a
preferred embodiment, image data 200 and 202 are FFTs of
the image data. The registration includes an initially
filtering the FFT of the first data 204 and filtering the
FFT of the second image data 206. In a preferred

30 embodiment these filtering steps 204 and 206 utilize a
bandpass filter, although any suitable filFer for

eliminating low frequency and high frequency noise may be



regi stration systemcan be inplenented using FFTs instead of a defined
correlation neasure in the spatial domain. The information contained in

t he frequwoag/oaon®i n 15 representati on of the conpl et e objpextuseass301 ncl udes
phase data representing target height information that is not present in
traditional frequency domain representatigns of nmagnitude reflectance

i mges. Searching for the correlation peak can then be perforned in the
resultant 20 correlation map. The nethod begins with identifying two
corresponding inage data, 200 and 202 froma first . %e,and second,
corr espondi n§™PLR¥GE: | A%t RePRFELERL 2EnH Pﬁéﬁ??tvnﬁdg% dat’d 566P5nd 202

may include HheadgRcYodabacebrdbey23ipeEl pRELAbNANE FBEntag rebown N FI GURE
4). In a preferred enbodi nent, imge data 200 and 202 are FFTs of  the

i mage data. Thetregesbeaviwoappmokinesedw Lafteahl 15)i toekivegtvhd 2PFT of
the first data_204 and filtering the, FFT of th nd _i. e a 206. In
a preferred QﬁrgﬁﬁgdPgeﬁquﬁggeggﬁl?gPyﬁga§P5%§$?%§%§XdSiggghégﬁbze a

bandpass i | perceatt Beughqanytsuitable filter for elimnating | ow
frequency and high frequency noise may be WO 03/023718 PCT/ US02/28302 11
enpl oyed. In a palNexéul kReeABBRILAENECN] PPRER RYOSHEFs OT28E Tahd 206

preferably f 'biwtreémtgt h%g%faﬁneaezmequmy inbBakeakeThelrow aPRLAX Bt el y

fifteen (15) to twenty percent of nyqul st and above approxi nately
si xty (60) 5cpeijugateobrndgoistis bbrt, chheutehnpbelldon] Hgdflewpngdtbtisof FFT

Al and FFT Bl is term ne 08. _.The inyerse FET af .the.co ex conjugate
Oroduct i tRERPear Gt BRRHLS1E° G| PORFRYSERPR 1t decelfufiPLY

10 calculating the magnitude of the inverse FFT 216.
Finally, one peak is identified within the correlation
magnitude data 212. The peak finding may preferably
include parabolic interpolation techniques to identify
peaks with sub-pixel accuracy. For example, for a 3x3

15 Dblock of cross correlation results around the discrete
peak values, this may include fitting those results with
a three dimensional surface such as a parabola. The peak
of the fitted surface is defined as the peak of
correlation.

20 The identified peak is used to célculate the
translation between the corresponding image pair 214.
The translation is defined as the distance between the
peak and the image center. The registration process
above may preferably be repeated for a plurality of

25 corresponding images.

After registration, a misregistration analysis and
quality assurance check may be performed to determine
whether an accurate registration has taken place and
whether additional processing is needed to assure a

30 desired registration accuracy. In one embodiment this
process may include identifying the peak pattern of the

correlation map and using the drop off between the first



step, the magnitude of correlation is determ ned by 10 cal cul ating the
magni t ude of the inverse FFT 216. Finally, one peak is identified within
t he corr ewetmoz7isragni t ude data 212. The peak fi ndi ng nay PpmafSer/zd3by

i ncl ude parabolic interpolation techniques to identify peaks with
sub- pi xel accuracy. For exanple, for a 3x3 15 bl ock of cross correlation
results around the discrete peak values, this may include fitting those
results with a three dinensional surface such as a parabola The peak of
the fitted surface iis defined as the peak of correlatio

dent | 11 od pBaRe SnioBhot SOCaPALPSTE PRNeRraRel GRFah LOPWEBRLLRE of
correspondi ngnk MegenRRhEidd4. The translation is defined as the distance
between the peak and the inmage center. The registration process above may
preferably be repéddedl®naléYplymagetyeéamE$1@9raéépéﬁﬂﬁﬁgoﬂﬁﬁg@§ mayt er

regi stratl one o atsbealatLatLen. a0al ysl,s andonaual Ly assiLance gheck My

be perforne rm ne an-accura i'on has Taken pl ace

and whetshertagislaonah PeOCRSST A0nes geﬁdedokoth&sﬁ&ﬁgatSdegélred
regi stration accuracy. In one enbodinent this _process nag i ncl ude
i dent i fyi ng RASAHRAKIGARYEr RGP PﬁéfOE@?@eP%tFBﬁ REPPaRd GErAGCt AR2dFop of f

betveen the iList YD 03(023718. BCTLUSN2125802.,42:Deaksand the second peak

to measure gauge 't quali e translation. Additionally, inmge

resanpl i ng andtenpelpbianipnAﬁagr_bbepéargehedmageehashbeenansbampéﬁdls

determined. The, 2 Lransletbonedgthaoes, 2 Deuugrid.for:Lag LaLIRL byroe
10 may compare the complex image pair and identify

differences between the first image and the second image.

Now referring to FIGURE 3 is a demonstrative
representation of a semiconductor wafer, indicated
15 generally at 100, provided to describe the operation of
the image registration system of the present invention.
Wafer 100 includes a plurality of substantially identical
dies 110 formed thereon. For descriptive purposes, dies
110 have been further labeled as 110A, 110B, 110C, etc..
20 It should be understood that the present invention
contemplates the registration of corresponding image data
from corresponding dies, regardless of their arrangement
upon one or more wafers.
Now referring to FIGURE 4, which shows a
25 demonstrative representation of corresponding dies,
separated into a plurality of sections. First Die 152,
or Die A includes a plurality of sections labeled Al, A2,
A3, etc. Second Die 154 similarly includes a plurality
of corresponding sections labeled Bl, B2, B3 etc.. In
30 the present embodiment, die section Al corresponds to die
section Bl. Die section A2 corresponds to die section

B2, etc.. The size of each die section is preferably



Resanpling may then perfornmed on the conplex target inage using an

i nterpolator such as Bilinear or Sinc interpolation. After the target

i mge haswbean2a7esanpl ed by interpol ation engine 27, i ma@eTasnpaa3son
engi ne 28 10 may conpare the conplex inmage pair and identify differences
between the first imge and the second image. Now referring to FIGURE 3 is
a denonstrative representation of a sem conductor wafer, indicated 15
general ly at 100, provided to descri be the operation of the inage

regi stration system of ent inve . \Wafer |nclude
Dl oral ity of SSUBGERRE ATy <Piign FoaFRearae &1 65 §ieud FRE egh CRpical

descriptive pycposess, dbas sndbf haverbeer fur t hee sabel agi-as LEOARCL10B,
110C, etc. It should be understood that the present invention

cont enpl at esdtlﬁesreégrtonsat penbédpbcksr r éspeatiergingdgeyddCY ofr emtical
correspondin e d [
waf ers. hbM/gggggﬁl%é g F%%%Rﬁgitamﬁl%ﬁgogg&ggggg% 8gﬁbns raFi&g e

representsmati growh dar Fesparding dies, separated into a plurality of
sections. First Die 152, or De A i ncl udes a plurality of s%otlons | abel ed
A, A2, A3, etc. ISeesﬁaa@@nlsmeghﬁpréﬁﬂySVﬁE%é@ RISEEraRYy  of

cor r espondi nEoé?EEbHBSth%?%lte%Béucﬁzth@% &l prerki3Q b'&?ct&b%s%&t a

enbodi ment, die section A corresponds to die section Bl. Die section A2
corresponds terdee, seuthors B2esesectiTheAdi, zésopogath odiesl secttiben i s

f bl ,03/.023718 PCT/L.USO /28 | ] he f | d
B v ew (O 87 90pEi EAP" §5oPBRicaL R¥=bRBu i PPEBRET UG S Fe | mage

of the i e ma¢ttnes, o@tahzhogkragesda@beeabnedsbrthéwo@fplrérw edject
wave of holographic image data.

Image data captured by optical system 18 may then
preferably be sent to CCD camera 20, as described in
FIGURE 1. After the image of die section Al is captured

15 by optical system 18, mechanical system 12 may then move
or 'step' the wafer such that a different die section,
such as die section A2, are positioned in the field of
view of the optical system 18. Accordingly, each 'step’
of mechanical system 12 is preferably sized according to

20 the field of view of optical system 18. In a preferred
embodiment, the movement of mechanical system 12 follows
a preselected pattern to ensure that all areas of
interest on target 12 are properly imaged. In an
alternative embodiment, a mechanical system may position

25 an optical system with respect to a fixed target. 1In
another alternative embodiment, mechanical system 12 may
continuously move target 14 through the field of view of
optical system 18 and optical system 12 capture images at
selected time intervals to ensure that the areas of

30 interest of target 12 are properly imaged.

Image data is sent from optical system 18 to CCD

camera 20 and then to signal processing system 22. The



system 18 and the spatial resolution of CCD canera 20, as 5 shown in
FIGURE 1. In operation, nechanical system 12 preferably positions target
14 such tweatosm2yn&eferred portion of a target, such as di esTasor/ee3m Al, is
positioned in the field of view of optical system 18. Optical system 18 10
may then obtain inmage data such as the coapl ete object wave of hol ographic
i mge data. Inage data captured by optical system 18 may then preferably
be sent to CCD canera 20, as described in FIGJURE 1. After the inage of die
section Al is captured,15 by optical system 18, nechanical stem,12 may
then move oP¥®§ ﬁﬁegtﬁ@aﬁﬁfg?ggugﬁthéP god%?fﬁfgﬁﬁ% Fs%s@% i%ﬁ,lnSUCh as
di e section Ay ane:chp$kt FerRdti Butheaki: etdeokawvifewgabnthedophiiaal system
18. Accordingly, each 'step' of nechanical system 12 is preferably sized
accor di ng t os2ongheafterdcerrirewl 5EIBpRFYal SspatEarisd | fhe FPEPLRKed

enbodi nent, pye . of hapica 1 | QW8 5 a pPResglect ed
pattern to e%ggFggghggaéﬁﬂ ggg%é ghg bﬁ?éﬁgggéo%m%gkget fZ gre properly
i mged. Imn aphaakt éanati TYeienhegebent tyaofebkangcablsysteprwagsgosi tion 25
an optical systemwth nesgect to a fixed tar angt her .alternative

t. |
enbodi nent, AREEENFRER dYsPeiPTah¥y T c ﬁfpﬁﬁgﬁgﬁy ﬁﬁégngFSegafE t hr ough

the field of ,u,eWsQf ngOBY g2k -p¥eteBkidgandqaRi-emahtgystem 12 capture
images at selected tinme intervals to ensure that the areas of 30 interest

of target 12Airerpebpw¥ely.i dagedsulitabéeddpra rsIdehratiom 6Py &8 system 18
to OCD camerg, 20-200 LNGN L0 5L9NR! RERECERENEATESLERRR 1 INGrIQ03/ 023718
10 suitable complex image data may be obtained.
The processed image data may then be both held in
short term memory 24 and sent directly to registration
engine 26. Registration engine 26 identifies which
images are associated with corresponding die portions by
15 identifying the position of an image in a wafer
coordinate system. In a preferred embodiment this may be
accomplished by identifying the die number and the frame
coordinates within the die for each image, as determined
by control system 16, as shown in FIGURE 1.
20 Although the disclosed embodiments have been
described in detail, it should be understood that various
changes, substitutions and alterations can be made to the

embodiments without departing from their spirit and

scope.



processed image data sent on to be registered may be in any suitable
format such as: the raw frequency domain signal after carrier frequency is
ext ract edwotob@237e8pl ex spatial donain data, the nmagnitudecirnsge2siet a, and
the 5 phase data. This capability of being able to process inage data in a
variety of formats may alleviate data pigcessing or pre-processing
requirenments. Alternatively, data suitable for registration may be

obtai ned fromany point along the data streamin which 10 suitabl e conpl ex

i mge data may_be_obtai ned. The processed i mage data nay then be both held
in short teﬂéﬁﬁeﬁﬁLgééimgﬂdléént directly to registration engine 26.

Regi stration engi pe 26xhdepkbisfihgs syBieh chhpaesiage associated with
corresponding die portions by 15 identifying the position of an image in a
waf er coordi nat easpeséiionang prvetenr epesabddi kEnPOERLI ORay Barget;
acconplished by identifying th L€ . [ -a ] a L di. nat

within the die fO?neggﬁxFﬁgggygggmdg?%g§§ﬁgdggg§9§8%%rgﬁes§§§égﬁ%§§%§g
shown in &1 GJREtdm;20 Al though the disclosed enbodi nents have been

described in detail, it should be understood that variogs changes,
substitutions and®aFeei&tirahdoBafyYFECRaaRratiRELYeRBYRLRENTS W ehout

departing fr%gk&@ﬁirs§BEéhﬁaﬁ@dopEQQBﬁe V0.03/ 023718 PCT/ US02/ 28302 15

WHAT IS CLAIMED I'S: 17 An inmaging system conprising: a positioning system

operabl e to positieneaveafgetuengy dpthcibrspstemsti spegedapcori mate the

positioning sgchatggkresponding image; and

10 calculate correlation data for the first image and
the second image, the correlation data comprising an
inverse transform of a complex conjugate product of the
frequency data of the first image and the frequency data

of the second image.

15
2. The imaging system of Claim 1 further
comprising a CCD camera operatively coupled to the
optical system and operatively coupled to the signal
processor.
20
3. The imaging system of Claim 1 wherein the
frequency data further comprises a FFT of the image data;
4. The imaging system of Claim 1 wherein:
25 the first image further comprises an image of a
portion of a first die; and
the second image further comprises an image of a
corresponding portion of a second die.
30 5. The imaging system of Claim 1 further

comprising the registration engine operable to:

receive the FFT of the first image;



a registration systemoperatively coupled to the optical system and
operable to: receive frequency data for a first image and a second
correspomaipreg/ozatagye; and 10 cal cul ate correl ati on data foPCrhisot/2838t i mage
and the second imge, the correlation data conprising an inverse
transform of a conplex conjugate producti1gf the frequency data of the
first image and the frequency data of the second i mage. 15 2. The i nagi ng
systemof Claiml further <conprising a CCD canera operatively coupled to

the optical systemand operativel pled ta the signal . processor. 20 3.
The i magi ng systeﬁﬁ&?lﬁﬁagﬁﬁl ﬁﬂépél %FhéecPP%q&EW@? 'd&0% further conprises
a FFT of the imggedatfinetthEh@cn RgaRe PYo@P0b fCtdlemervys @iis 25 the
first image further conprises an i mage of ‘a portion of a first die;, and

the second i fagetf dmeger asehphies E§Tapfi flige sefcoad dd@g&spondi ng portion of
a second die. 30 5. The imaging systemof Claim1l1 further conprising the
regi stration engine operable to: receive the FFT of the first imge; WO
03/ 023718 PCT/ US02/.283@Re litapeee wosthe BETCGkittha fenamen mage; and
determ ne the conjugate %‘oduct of the FFT of the flrst and the FFT
of the secon8OTREGELITS EheTREILFEERRGOSy SPGHIGH CBELahle ¢§g?%§@rmlne

correlation translation between the first image and the

second image.

10 7. The imaging system of Claim 1 further
comprising the registration engine operable to:
receive complex frequency data for a plurality of
corresponding images; and
output correlation data for the plurality of

15 corresponding images.

8. The imaging system of Claim 1 further
comprigsing the registration engine further operable to
identify translation in the first image correlating to

20 the second image.

9. The imaging system of Claim 1 further
comprising the comparison engine operable to:
compare the first image and the second image; and
25 identify phase differences between the first image

and the second image.



conprising the registration engine operable to determne correlation
transl ati on between the first image and the second inage. 10 7. The

i magi ng swetoaneis Claim 1 further conprising the registr&Crasorzsgine
operable to: receive conplex frequency data for a plurality of

correspondi ng i mages; and output correl atjion data for the plurality of 15
correspondi ng i mages. 8. The imaging systemof Claim1l further conprising
the registration engine further operable to identify translation in the
first image correlating to, 20 the second inmage. 9. The ipmagi ng system of
Claim 1 further é'tﬂrpr%%‘? nmd"d%fe %%W#%W%%f%%@?f%les % “conpare the

first image and the ,second-4dRge; e@ithe 25dHanitd fio phase di fferences
between the first imge and the second%%:pnage. WO 03/ 023718 PCT/ US02/ 28302
17 10. An inmmge regcting i ampl\stemkinpr ivwivey:data rkef steur¢spoRAbide
operabl e to: .receive conpl et.e obj ect wav ta for_ceorrespondi ng I nage
pairs; the i r%é‘baeqepé?aflsrﬁqgv?tn%e a ?g%tpa}lnisgg%a‘ﬁl&qgg aSPlsrta%%n%rR% f?r%%%g%di ng
i mage; angd caladdrat idgresepdiveise inansf o of conpl ex  conjugate of the
fast Fourier transformof the first 1nage and the fast Fourier transform
of the second i m@@lq@qtl%ngrr?éﬂi%w%%%@%ﬁQ% Uy SFTIRBFX A ai m 10

wherein the objeciyay e dalide of ;dherdiraly 11RYE AN the risecoDes{ mage

further conprise conplete object wave data
image and the fast Fourier transform of the second image.

10 11. The image registration system of Claim 10
wherein the object wave data of the first image and the
gsecond image further comprise complete object wave data

captured by a CCD camera.

15 12. The image registration system of Claim 10
further comprising the registration engine operable to

filter the complete object wave data.

13. The image registration system of Claim 10
20 wherein:
the first image further comprises an image of a
portion of a first die; and
the second image further comprising an image of a

corresponding portion of a second die.



captured by a CCD canmera. 15 12. The inage registration systemof C aim10
further conprising the registration engine operable to filter the conplete
obj ect weweo od@at3r18 13. The inmge registration system of C &CHUus02/28302
wherein: the first imge further conprises an inmage of a portion of a
first die; and the second image further ggnprising an i mage of a
correspondi ng portion of a second die. WO 03/023718 PCT/ US02/ 28302 18 14.
The image registration systemof Caim1l0 wherein the registration engine
further operable to: rg%vae the FET of the firiﬁ igﬁge' nec%jve the FFT
of the second i madé: 5TA&t dfidie TERd SESRLEGGR: SYSESTUAT SHadfe 18FT of the
first imge gpdhe ERE 9kdihe rSeqondcniRge rlSthEhe Jplmadlleed@icst ration
systemof Claim10 further operable to determ ne the correlation map
between 10 the fireseivengheaddTt od sbeoRdristag@29e6. The i nage

regi stration systemof. G aim fur r bl, register a plurality
of conpl ex i mage rESF%E? %@ewéggéfgé§3%sS%%%%@sdgf%%éoz 19 17. A nethod of
regi sterimg i mgeddaktamhe et ebatjedatrmgesduetpfsithg FFICeifvithg conpl et e

i mge data of a first image;, _receiving conplex inmge data of a second
i mge, the first image and the FFT of the second image.

15. The image registration system of Claim 10
further operable to determine the correlation map between

10 the first image and the second image.

16. The image registration system of Claim 10
further operable to register a plurality of complex image
palirs.

15



5 second i mage corresponding to the first inmage; calculating the inverse of
the conplex conjugate product of the fast Fourier transformof the first
i mge araoto@2¥7ast Fourier transform of the second i nagepcandoraddoul ati ng
a correlation magnitude utilizing the 10 inverse conpl ex conjugate
product. 18. The nethod of Claim 17 further conprising identifying a
translation fromthe correlation magnitude map. 15 19. The nethod of Claim
17 further conprising registering imge data froma plurality of
correlated images. 20_20. Th thod,of C.aim,17 further conprising:
i dentifying a plutdlit$ B‘PtEBﬁT g%l r5HL RS T BRTed ™G50 T4 Re Qtnver se conpl ex
conj ugate product) aBd ReREERENMBEp2iBESEegi stration anal ysis based upon a
peak pattern identified on"a corréelation map.
receiving complete image data of a first image;
receiving complex image data of a second image, the
5 second image corresponding to the first image;
calculating the inverse of the complex conjugate
product of the fast Fourier transform of the first image
and the fast Fourier transform of the second image; and

calculating a correlation magnitude utilizing the

10 inverse complex conjugate product.

18. The method of Claim 17 further comprising

identifying a translation from the correlation magnitude

map.
15
19. The method of Claim 17 further comprising
registering image data from a plurality of correlated
images.
20 20. The method of Claim 17 further comprising:

identifying a plurality of control points based upon
the inverse complex conjugate product; and
performing a misregistration analysis based upon a

peak pattern identified on a correlation map.



