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METHOD FOR REQ STERI NG INAGES TECHNI CAL FI ELD The follow ng inve

relates in general to t field of inmaging and igspecti on systens and nore
particularly to an inmag regi stration system and ret hod. 5 BACKGROUND

| magi ng sysv@na23ne i ncreasingly used in a nunber of appeiggbipifs These
include rempte sensing, nedicine and manufacturing, including .

sem conductor fabrication, yield 10 managenent and process di agnostics.

One mann ' ' i magi ng systens are wsed is in conparing correspondi ng
| mages. mmmmmﬂm a sem conductor waf er may include a nunber of

subst anti al I'ys¢iedent i cal di es. g IAND Ngﬁ#@ﬁ],f@ﬁ capture correspondi ng

i mages of two or nore 15 dies an es to identify defects,
differences, or irregularities. pically capture two
di mensi onal attributes of selected attr| but es of three dinensional
pbjects. In order to conpare the spatial |ocation of obJects 20

represented i FECHNEERDL BYELDMRgi ng system first registers correlates the
correspondi ng i nages E_Jﬂl “{m?ﬁ;r?gg (?rrg 1%%%%?1&%&&58%‘6% scrl ed as an

i dentification and alig |nage espondi ng
i mge, to accddmldfof Emggxng'bnd inspection systems and more

particularly to an image registration system and method.

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 dilagnostics. One manner in which.
imaging systems are used is in comparing corresponding
images. For example, a semiconductor wafer may include a
numbeflof substantially identical dies. An imaging
system 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 regiéters
or correlates the corresponding images. This
registration process wmay 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 eomparison of the images will be effected

negatively. One method for performing this alignment is

Lty
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. 25 between the respective images. The registration step is inpor %n?EéQ@B
maki ng a neani ngful conparison of the corresponding inages. |If the ;
correspondi ng i mages are I sal i gned, the conparisonyof the imges will be
effected negatively. One thod for performng this)alignnent I s,*cdl0002*
2 8 F E B wWo@3/02401803/ 023718 PCT/ US02/ 28302 2 known as f egfmvaseybsgesd
registration. As its nanme suggests, feature-based registration includes
identifying geonetric features on each g mage, establishing

correspondence, and using the coordinates of these 5 features to identify
correspondi ng points on a corresponding i mage. However, feature-based

registration QNILLEDL Al e DANERAES s BT | TR 110y fGat ur e- based
t }?I ne co

registration echniques are sum ng and reqguitre significant 10
conput at i onal suggsmiscefeatnrappiserhtdegiptrahbon freskudess ideayilfetngre :

difficult to f. | esence.,of. nai se fi1en Jeading to
reliability i%és%ntgaeg&llgur%fe%gﬁfrglg ng%oer?ech 588 rea T'%a sflﬁqulng desirable to
rapi dly regi sterrempopdenati t gndfuciony ehpondondimsies of theepl ex i mages. 15'

Accor di ngl.y, l.engthy reqisiration process, such as that associated with
f eat ur e- ba‘:’ge eraetd‘llrglgrﬁf)i 8§?n{:|1ﬁ¥tcs° ﬁ@pof%@é’?%l?o%b‘ﬁaoﬁ &hal speed and

t hr oughput ofcdrtrespoading imggéem ,Additionally, as the size of devices
formed on sem corﬁd

R g T R e g e B
regi strati on dfsacivantagendi nBrimamdss fiehkbube-lbagdd freedl st SRMVBRY
techniques 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 relilability 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
assoclated 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 image data.



. 25 Therefore, a need has arisen for an inmage registration system and net hod
that is conputationally efficient. A further need has arisen f2B &EBiZidge
registration systemand nmethod that efficiently processes conpl ex 30 inmge
data. | 2 8 FEB 2006 3 A still further need has arisen for an inmge

regi stration nethod and systemthat facilitates increased system

t hroughput. A further need has arisen for ap inmage registration system
that is both accurate and robust. In accordance with teachings of the
present disclosure, a systemand nethod are described for an inage

regi stration system and nethod that reduces disadvantages associated with
previously used. inmage__.registration systens. The _i nage regi stration system
~of the present iﬁvégﬂﬂén%iﬁ&%&&e?egdré@?sﬁF&FFanQHQ fle recei ves
conpl ex i mageedakarastioh aethodquedcyydora thadatfacifldtates: asoardiseg

I mges. The reqistrati I.ne calculates an inverse of the conpl ex
conj ugat e prgggk moghrgagﬁgagf Fourier transform [FFT] of the conplex imge
data of the firstAi fagthermdnekd BET efriska fecond, imeger eggdmdineg.icdmage.

[nafirst agpeebnObnbiie;Rr 3eRl Jbyeakodnd! tighaghks provi ded an imaging
|

system conprising: a positioning systemoperable to position a target; an
optical system di $po3€GOFAGRICRalE tinéeasHiingsnPAg they PreMERRd operable to
capture a hohegrapbigel, Magevetethand ae@@bd are described for an
image registration system and method that reduces
disadvantages associated with previously used. image
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
the fast Fourier transform [FFT] of the complex image
data of the first image and the FFT of the second,
corresponding, image.

In a first aspect of the present invention, there is
provided an imaging system comprising:

a positioning system operable to position a target;

an optical system disposed proximate the positioning
system and operable to capture a holographic image of the
target;

a charged coupled device (CCD) camera operatively
coupled with the optical system and operable to digitally
record the holographic image data captured by the optical
system, the holographic image data comprising a complete
object wave, wherein the complete object wave comprises:
phase data representing the target height and reflectance
data for points X and Y on the target;

a reglstration system operatively coupled to the
optical system and operable to:

receive frequency data for a first image and a
second corresponding image, the frequency data
corresponding to the complete object wave data recorded

by the CCD camera; and



. a charged coupl ed device (CCD) canmera operatively coupled with phe
system and operable to digitally record the hol ographic i mage data

captured
compl ete

by the optical system the hol ographic i mge data conpris
obj ect wave, wherein the conplete object wave conpri ses:

data representing the target height and gefl ectance data for point

Y on the

target; a registration systemoperatively coupled to the

system and operable to: receive frequency data for a first inage an
second corresponding i mage, the frequency data corresponding to th

conpl ete

obj ect wave data recorded by the CCD canera; and 2 8 FEB
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system conprising: ar

ed AR 1808, g st

strdtion engine operable to. receive conpl

rati on
ete

obj ect waverdeflatfion taenedpdidinndetiverge thei i rafhdmeioe e ¢depl et e
obj ect wayg. ghaipg )ri ses: phase data representing the target hei
or

refl ectance data

havi ng a

points X and Y on a target and; the inage pai

ght and
rs

first Ifmig&es9dda a8BE6Td Ofc dhee HFEFEM g LPVEGE 1 O%nd BE%%&ul ati ng an
i nverse tganghokindeld eenMahtye registration system comprising:

a registration engine operable to:

receive complete object wave data for corresponding
image pairs, wherein the complete object wave data
comprises: phase data representing the target height and
reflectance data for points X and Y on a target and; the
image pairs having a first image and a second
corresponding image; and

calculating an inverse transform of complex
conjugate of the fast Fourier transform of the first
image and the fast Fourier transform of the second image.

In a third aspect of the present invention, there is
provided a method of registering image data of correlated
images comprising:

receiving complete image data of a first image
comprising a first complete object wave, wherein the
first complete object wave comprises: phase data
representing a target height and reflectance data for
points X and Y on the target;

receiving complex image data of a second image, the
second image corresponding to the first image and
comprising a second complete object wave;
_ 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
inverse complex conjugate product.

The present invention provides a number of important

technical advantages. One technical advantage is



, conjugate of the fast Fourier transformof the first inage and gbepésa?éos
Fourier transformof the second image. In a third, aspect of the presen
invention, there is provided a nethod of registering i nage data of
correlated inmages conprising: receiving conplete inmage data of a first
image conprising a first conplete object.wave, wherein the first conplete
obj ect wave conprises: phase data representing a target height and
reflectance data for points X and Y on thetdarget; receiving conplex inmge
data of a second inmage, the second inmage corresponding to the first inmage
and conprising a second conpl ete object wave; cal cul ating the inverse of
the conpl ex conjugate product of the fast Fourier transformof the first
image and the fast Fourier_ transform of .the secand ir’r% e; and cal cul ating
a correl ati o PFRFRAGH NG iFHAITh OW%??@ < g’orﬁ%’gedft Sr oduct .
The present irevaritirantigiodates a Therhere off ifireodesnty doaetim cltaadvant ages.
One techni cal, advant i S . : : i rafi y
domai n technﬁ&l?gse%t%oe%ggr?e é’ttea%l%engills% éﬁ%g]%n gst 5{%%@&@ ('Iob%r]]:e{l%%?r%{éy
dormai n data decreases conputation requirenments by meking correlation 2 8
FEB 2006 WO 03/023718 PCT/ 1JS02/ 28302 5 cal culations within the frequency
domai n, which mnimzes conputational costs in searching for a correlation
peak between the images, in conparison to iterative techniques. The use
of frequency domain data further



. 5 supports the efficient processi ng of conplex inmge data and i ease
inagpgg system t hroughput. Further the use of conplex imge datgf:5 ﬂﬁB%ms
i ncludi ng height and refl ectance data for each -ppint, X and Y, on the
target, allows the systfemto be particularly accurate. The use of conpl ex
10 i nage dwtoeosfoga71s egi stration al so allows the system t opda@ysosieys, r Obust
than other registration systens. BRI EF DESCRI PTI ON OF THE DRAW NGS A nore
conpl ete understanding of the present 15 enbodi nents and advantages ther eof
may be acquired by referring-to the follow ng description taken in
conjunction with the acconpanying draw ngs, in which like {efere_nce _
nunber s i ndi ¢ i d LN« I cts,an_i magi ng
system accor dﬁ%%lﬁh%%gwggggeﬁyi%%% ?‘gﬁ; E%EJ@H.I%@ gl??%hz%ﬁ agram
‘showi ng an i neqerutatgiosiadacpehs nin reshrabdogdfoy 4 cdrtmelptdsanpeakvent i on;

I GURE 3 Showeduattandiishas Vel Sodiating, Ll tiple cdies formed ther eon:

and 25 FI GURE 4 cts two~cofréespondi ng sent conduc or' < di es partitioned
‘into nultipl eedmiameendi Bhef nee dsf drequiesny @EMAlN FRABEFGRERET ON 30

Preferred &) d | t are_best . understoqQd by

ref erence 5?0 gli(%?{%tgsf%tghﬁggg%{ﬂgémﬁgr%ézl%%ggng ?—EBCOZ%R}E? ‘“6%‘?0%%‘?38 _
PCTI US02/ 283CGind iricreasesbémsgine aystent dhrodyloaite. | itkethed the rwepolnfll ng
parts. Now I eferidgd b0 FLORE &y | a0 JIBILA0 SIS T SRGL 5 s e 2l 1Y at
10 according to the presSen

- data for each point, X and Y, on the target, allows the

O

system to be particularly accurate. The 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



. 5 invention is shown. |maging system 10 incl udes nechani cal systlem,iE?B 2006
operable to hold and position target 14. Target 14 may include a
sem conduct or wafer or ngt her target suitable fordj nspection. Mechani ‘cal
system 12 is preferably operable to selectively hold/10 target 14.and is .
al so oper abbes/d20718el ectively position or 'step' target pdyusoiizsdopr ef erred
enbodi nent, nechanical system 12 is operable to selectively step target 14
in sequential steps sized according todahe field view (FOV) of optical
system 18.. Optical system 18 is positioned 15 proxi mate nmechani cal system
12 and target 14 such that optical system 18 may effectively capture

mages of a6l nlfwekdnges GARM U A cARE §7ke SR YWBMALYRingP! | cal

system 18 as spatial donmain data 19. In a pre erre I mage
dat a capturedantsopti cal 20 systeminclude a neasurenent of hei ght (z) and:

refl ectance (a) fWouP@%@ePPf%%'@é‘ E(fbd’b%E: gf tar ?ﬁé%jlﬁl grdingly, in this

preferred enbodi nent our mensi onal Spati a ata I s captured by
optical systdspit®edgehprably et m/mﬂzngstpr’eﬁezrms}erxtperat ed by

control s;_g.,stgl vjeﬁtiggnagoghmtenmadgm% gﬁ gr%q@@id Ejlnked to CCD

Canmera 20 and signal processing system2 I'S opera e to submt inmage
| ocati on dat anedhandical s@atémi Fhgepdusdde o Hald awy pusiitichudedgeith t he

30 opt ued Lae 3R 2 T HIUALY WIRERRARLEEL Yo grore another. 2
char ged couplastien targéCCi)icabvey £a20 ingpboetiber dpeetarigatonnected to
opti cal system 12 is preferably operable to selectively hold

10 target 14 and is also operable to selectively position or
‘step' target 14. In a preferred embodiment, mechanical
system 12 is operable to selectively step target 14 in
sequential steps sized according to the fileld view (FOV)
of optical system 18. A Optical system 18 is positioned

15 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 system 18 as spatial domain data 19. In a
preferred embodiment, the image data captured by optical

20 system include a measurement of height (z) and

| reflectance (a) for each position (x,y) of target 14.
Accordingly, in this preferred embodiment, four
dimenslonal spatial domain data is captured by optical
gystem 18.

25 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

30 captured image data to discern which images correlate to

one another.



. stem 18. In an alternative enbodi nent, any suitable device nay be

3%/i-l i zed to receive and store spatial 5 domain data 19 from pptl&@l FER 2006m
18. Optical system 18 -gnd CCD canera 20 nmay _preij:rably utilize direct to
di gital hol ography (DDHY techniques as shown in:U'S. Patent No. 6,078,392
i ssued to WQeaTes E. Thomas, et al. and incorporated hes@infsobyssp£f er ence.
Al'ternatively, 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 conplex inage data
preferably includes image data that is derived fromX Y,Z and A obtained

for 15 portions of 1@ {He -2 hmbSH réﬁg(gf %?Ja%%é@yc éﬁe}eé%?'gﬁ{:fei ncl ude

X, Y,Z and A i mage data that has been or ne f_ro _ al donmin
into the freqd@%@& errREan.20 is Snether topmrablyectmosarani td bpsitaansform

- i ' I ques.
X2 and A1 BRSE Rty e SRt kvl SRRSTRIM oot AEERES dom n
‘dat a, is ref effl_ﬁ‘éélc%‘dﬂa}hé?eeium'-iééZéde’q:umu%m;:nda?m?le?ﬁtga%eggﬁe?gt 30
D o OPabl ST G BB S Ml L SRR A 70,
of a phot ogr aphd cCER atamerar 20i tay PrafdrablyCobl Threr alid@destopr ef er abl y
hagi ng. syst et Eiohd1sh el foi) WoRBlfies' IR Wikt B SEBpt e 1o 30
I magi ng system10. SignalF processing s _ p _
a0 process digat ol L andes b amCrD, canmr 30 B acess Hael e by ccet Ve
rocess ng. syStares PRERel Bite tunh 3raesones povitasoRtInetY.
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. 1In the present disclosure,
reference to complex image data preferably includes image
data that is derived from X,Y,% and A obtained for
15 portions of a given target. Complex data may preferably
include X,Y¥,Z 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
o 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



. 8 preferably includes transformng data recorded by canera 20 into
frequency domain data. Preferably, this processing includes a FduBiEaB 2006
transf orm of hol ographic r'\;gat a, locating the signal. carrier frequency of
the 5 hol ographic data, and extracting the frequency)of the conplex object

wave of thwohwebngisaphi c data. The information extract ec'ré%/us%ﬂ%?
processing system 22 may be generally referred to as frequency data and

may include any frequency data obtai nedgby transform ng the 10 spati al
domai n data received, into frequency domain data. in a particular
enbodi ment, signal processing system22 is operable to output Fast Fourier

Transform (FF % P%%Il ashian th ever st ance
representing g % yl Pn%%éﬁ%lg:\:n%dﬁ%ﬂcoﬁévr&% ?%% %es%g:ybfa{nﬁgaw si gnal
processi ng syg0emi2? fregusacyedomdin stuat. t@maffeﬂnm;yy igqand | ater sent to
reglstratlon n |n 26 whe rrespondin f|eId weanﬁgorres
avai | abl e. §e ﬁg}lgeﬁfrﬁg) ’ﬁ(%l fan gﬁ?“%%‘?t ry suitable
for storing cdmm,eﬂdda&qmgnthedai@ahwmﬁérf fﬁéﬂ;ﬁewloﬁ&l’w ocessi ng '
system 22.. S rm.ne 24 s _f.urther tively connected to
registrati onhlgn ?%p?@ %&% %e%%?t&&?egg ?rﬁqu%‘%/‘éﬁaﬂfnﬁf‘@cessi ng 22,
.short term nmnp];e:@@hgeaeaavéleclftmé ihed oglrephi € odeCy iTHRgE of its
correspondi ng, F)%N rev ogqs: é ca téjred T e fr%ueﬂé%l 25 data _of the inmge
pair is then &R Facteh Py fyigne 2§’r° BSIRSy FRFFar2 MYt hen
stored in shabé garenamnaeyez?ﬁedocmd f&@@ubh&y%’étf@%&i&‘dda@g FOV fromthe
next die or corre ond| %% tar cg)rt{ogn. .The 'old FOV data is renoved
fromshort tethf e %@Q Gﬁ‘l@ﬁai h@ @eaq%fq;ag.,ngt Fhely
connect edd o spatgndl maasaaag B4 188d) 2 1as oWVeLbqadn &P Admalier A AR IOy
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'zz. Short term memory 24 is further
operatively comnected to registration engine 26. When a
new FOV comes out of signal processing 22, short term
memory 24 is 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 ghort term memory
24. Registration engine 26 is preferably operable to



. 24. Registration engine 26 is preferably operable to 28 FEB2006 WD
03/.023718 PCT/ US02/ 28302 9 receive conpl ex i mage data from signal2 8 FEB 2006
processi ng system 22 aRd its correspondi ng conplex inage data from short
termmenory 24. Control /system 16 is coupled to chani cal system 12 and

i s operabl WQ®/ogym rol 5 mechani cal system 12. Control syGigdihadses S further
operable to control CCD canera 20 and signal processing system 22.

Regi stration engine 26 is operable to identify the translation or 'shift'
bet ween the corresponding images. Translation identified by registration
engine 26 10 may be shifts required in both the X and Y directions for one

i mage to al i ghedbive idSmAIQ €8RQ804 | FRAE o 4 | 5 ngine 27 is
operatively co(remect ed tgﬁ. .. reglgs'g rgttgsil on enSﬁﬂt‘Q%?gﬁcﬁ%ﬁﬁ %tyg?‘%"nenory 24
‘Via an :invef3e?Rq aHs¥ SlonTepReRd et srdmnd exnginage 2datis Fuont lmdort15 oper abl e

to resample ! berd Gy HMRICCEAEELY Sl ddeiM s SO Lotefdy qRIOry 24 via an

Jnverse transformsuch’as an ..inve Four i ere1ranst orm (I'FFT). This
transform preeehamical sysseor b2 amd idnopefablet be domwpedncy domain to the

spati al domai acidhidyier, i eneud 7 ref erabl upled to
conpari son engi%e' 218‘:1.%t Co lgralhlsg%' enwéi%go 88?§t§%e{rﬁgbjrse é('F“g:%l‘atg-}cei ve
cor r espondi ngPPEERJEE teneontoal s¢ghatansrac@9sand shgridmpidoeicaiag i nver se

further 25 onl b %o coincratisy Sldetal tp BERMR 2 TIHEEFL E8 " rmde
by conpari sontkdivenslgting adesskidity| detweagethoremtreagiondingchange vect or
conputation, fathed NrasALYLP9on identified by registration engine 26
10 may be shifts required in both the X and Y directions Ffor
one image to align with its corresponding image.
Interpolation engine 27 is operatively connected to
..¥egistration engine 26 and short term memory 24 via an
L dinverse transform. Interpolation engine 27 is further
15 operable to resample the complex image received from

o .ghort 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 is 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



. Coﬁparison engine 28 is operatively coupled to 30 defect nmapping engine
30. Defect mapping engine 30 preferably identifies defects, dif}arensogs
or irregularities between hhe first image and the second 2 8 FEB 2006 WO
03/ 023718 PCT/ US02/ 28302 16 correspondi ng i mage based upon the compari son
results rBEeEBHY1E r om conpari son engi ne 28 and regi st r apiiso2edes ne 26.
Now referring to FIGURE 2,a flow diagramof an 5 image registration
system according to the present inventlioon is. shown. The inage
registration provides a frequency domain based correlator for the
correlation of two conplex signals in the spatial domain to be

i mpl ement ed | BotPEapd ﬂ%mg%pqﬁaggnghge&SﬁﬁghtﬂH% bB%Eéffs%ﬁ)fng'Egr transform
of the product of their Fouriér transforns ar transform

t echni que. Th¥e¢edied ﬁ%&ﬂsﬂﬂm@ﬁréﬁ0@y§M§wﬁté@ Badi negbetratddnusi ng FFTs

i nstead of aegﬁiﬁgqggcorrelatlon measure in the spatial domain. The

I nformation contained 1n the frequency domain 15 representation of the
conpl et e obj ect V\/@J@Nmﬂ:ﬂqmglgphasﬁmm §2._rae;fr1|ewediaglgam acrfgeiaxﬂqel ght

I nformat i t ARl enc omai n
representgl o%‘ggt ésr%;tsrﬁx%u %% L 'ﬁa?%éeéqr%algl S. Sglgr ’yngnftor t he
correl ati on ptagertirn Heﬁn ﬂb@Wperf'@hﬁBﬂnage tegisbsatiamtprdtdear nel St ![ on 200
ma The net %Fggn [ r o) ,mege dat a,
ang 202 fromgP rs%’??riaééqggglnggggée%%%%?lét\%r ?’gé gﬁ% @&P&% Ph t he
present enbodtweeomplareiotails Zﬂotlamcbr@aﬁa&a;lomamuu:e Be equency data of

die 25 porti Oﬂﬁ‘pﬂm@:ﬂ%cﬁlin( %ﬁesgz%\@uézpcf ldg’l%@;nﬂlsirllg fhe inverse

10 Fourier transform of the product of their Fourier

transforms, or a similar transform technique. The image
registration system can bé implemented using FFTs instead
of a defined correlation measure in the spatial domain.
The information contained in the frequency 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). In 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 fi;;er for

eliminating low frequency and high frequency noise may be



. preferred enbodi nent, inmage data 200 and 202 are FFTs of the m‘ebgf dat a.
The registration includes an initially filtering the FFT of the 4 (F&B @8R a

204 and filtering the .-FFT of the second inage daj{a 206. In a preferred 30

enbodi ment these filteryng steps 204 and 206 util4dze a bandpass filter,

al though awyoesmpisbl e filter for elimnating | ow frequepGyysesskssy gh
frequency noise may be 2 8 F E B 2006 -WD 03/ 023718 PCTI US02/ 28302 11

enpl oyed. In a particular enbodinent, fihhtering steps 204 and 206
preferably filter portions of the frequency that are bel ow approxi mately
fifteen (15) to twenty (20) percent of nyqui st and above approxi mately

sixty (60) 5 pergcent. of ui st, ., t, the .go ex nj.ugat e product of FFT
Al and FFT B m?£°¥ﬁﬁtﬂ'ﬂ&%%ﬁpﬁﬁg?gﬁiéfiﬁWﬁ?FgggggT 5$f%4ﬁéh§3ﬁﬁﬁgi conj ugat e
-product is theoscahd o qﬂeﬂeabﬁalf:twuie&gpbhrtﬁonst@p,tﬁééefn&;;gahbyde of
correlation ig determ.ned by 10 cal cul ati t he nitude of the {nverse
FFT 216. Fi ngﬁ"’ﬁ/,5”6‘?1éo%é’éfk)épgr?ﬁgrﬂ?tﬁ]iye(fnl%tﬁﬁFnr&ﬁ)e O r R gﬁo magni t ude
“data 212. Thepeeadnt idflimguiey phéfaichd wpproglndeeparsilialy qeiont er pol ati on

techniques_to identif eaks with sub-pi xel accuracy. For exanple, for a
3x3 15 ' I? ocReEFERY S r-8Fation results around the discrete --peak

values, this may inettideHd conplek hesie)uRtel bgorieh of .Frr thr gagdi nensi onal
surface such as_a_ payabol a. Ihe peak of the fitted surface is defined as
the peak of EB’Fr%fa’tq cﬂ?ﬁt% 78 ? %¥nt |"'#ﬁeec}nH€’éRe|%FTls%%tﬁ'{? CeFRLPAt e t he
transl ati on besxpedatd Hreduces RENEthaY ddTRee apalir 22d4. FoiN@wWikgnehasi on is
defined as the distance between the L )
step, the magnitude of correlation is determined by
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 ‘block 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 fegistration 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



- peak and the imge center. The registration process above may prsffﬁgglé
be repeated for a plurality of 25 corresponding i mages. After regi‘s L Qﬁ
a misregistration analysis pnd quality assurance chﬁck may be perforned to
determ ne whether an accurate registration has taken place and whet her
addi ti onal WP¥23YBng is needed to assure a 30 desired regi/Es02asien
accuracy. In one enbodinent this process may include identifying the peak
pattern of the <correlation map and usirkg the drop off between the first 2
8 F E B 2006 WD 03/023718 PCT/ US02/ 28302 12 peak and the second peak to
measure gauge the quality of the translation. Additionally, imge
resanpl i ng angeaRt @hQOLRE | EELITRY pelR BEHcH ARG gfahgé the Guansdp@tdeon is
determ ned. The 5 tranglation defines a new grid for the farget imge.
Resanpl i ng naﬁthEﬁaBE}?Eﬁﬁ%d on the conplex target image using an
interpol ator such agaBiiémeary,OlimabeCresdigiinl 8ha0inteAbd Blt {d}f nad" g€t
I mge has been resanpled. by interpol ation engine 27, | nage conparrson
engi ne 28 10 HﬁyP€6§%§?%ﬂt%ﬁéqyaﬁbpeir?¥ﬁkﬁ¥#9ﬂ dsafgtewminedy The f f er ences
between (he fkiahsldBgon UKL SCRON LI {AGOr MAY EELOLL I (hd FI ORE 3 15
a denonstrative representation of a sem conductor waTer, 11dicated 15
general |y at RESAWRLIRG dery tthegeperfoamed oropbearpuplet targeti dmgge
regi strati on g¥s$h f 1 Ay t qd g3 .- f 00 includes a
plurality of s.ubs?g%l?ig?ly |&§§??cg?m§%gl?% e%%rﬁ%dé'?[g%r eon. For
descriptive ptRpg¥eiatiqn. ' pffenathe teangetyimpge hasdbesh aeabhPAed110B,

110C, etc.. 28yl inebapbrhdion Rgiatoof, thalye! BEnBLESEOL dAAS g

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
represen;ation 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, etec..
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 wmore wafers.
Now referring to FIGURE 4, which shows a
25 demonstrative representation of corregponding 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 gection

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



contenpl ates the registration of corresponding i mage data from
correspondi ng dies, regardless of their arrangenent upon one or 2BOFER 2006
waf ers. Now referring tq FI GURE 4, which shows a 25 denonstrative
Fepresentati on of corregponding dies, separated-into a plurality of
sections. WiOr03023D8 152, or Die A includes a plurality wirgsegtdsens | abel ed
A, A2, A3, etc. Second Die 154 simlarly includes a plurality of
correspondi ng sections | abeled Bl, - B2, B3 etc.. In 30 the present
enbodi ment, die section Al corresponds to die section Bi. Die section A2
corresponds to die section B2, etc.. The size of each die section is

A

f bly 2 SubdBaR0RH 284 I 2 Is equal
'ItD(r)et ﬁreaf [ ZI d of view (F I\QDe%%i gp??c%?éaqsﬁég'?e)gflgiggs@%‘gﬁmﬁ %%&Fg%)ké 19 The

'si ze i mage of Y™ % Sscohows, 1B FHFBE L - s Thet 8 re nisrasy ofovhef opt i cal
system 18 anddidesspaldrd, bessiytken of d@@@x‘ﬁﬂﬁ@&abfoﬂ?\?sof Jpiigun in
a

FIGURE 1.. In operation, nmechanical system 12 prefe y positions target

14 such that SYPrem d dchshei spabialy rasplysdionsgEnCER cHreras8otiam Al, s
posi tioneds i nghdign i erdpprl Yiew of optical system 18. Optical system 18 10
may then obtain inmage data such as the conplete object wave of hol ographic
i mage data. | mage ¥htopPerasioredneghaspidadalsysyenet? I8rafaraldlan . preferably
be sent to CGRLEANRS SGk [ [ fter_the inage

of die section A is&cgﬁfgrggd%S ‘%‘/Ip%aitca pgggteg%n%]gfzogr}:eic@atﬁ%cgl system 12
may then rmvetar_g“—?t.rorsucglt éf fiepcsenifion &dchishpesitirddrienthdi e. section,

such as die SeLdIPBbA4ieH B£POSLLELN e denl B8, 11 )i &1 system 18

10 may then obtain image data such as the complete object

-

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
e % o 'step' the wafer such that a different die. section,
.. 8uch 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 péttern 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



. view of the optical system 18. Accordingly, each 'step' of nechanical
system 12 is preferably sized according to 20 the field of view of2 @)p"tEB’cémﬁ
system 18. In a preferred')enbodi ment, the novenent .of mechani cal system 12
follows a preselected pattern to ensure that all ar_)aas of interest on
target 12 woaspromerly imaged. In an alternative enbodi g@piserdgsgechani cal
system nmay position 25 an optical systemwth respect to a fixed target. in
anot her alternative enbodi ment, nechanigal system 12 may ‘continuously nove
target 14 through the field of view of optical system 18 and opti cal
system 12 capture imges at selected tinme intervals to ensure that the

areas of 30 i f. 2 erly_Im . kmage.dat.a i s sent
from opti cal g%/g%%én%icg Jt'&(?%gtc%aﬁ%ég %c}%n% e%/ﬁggggggg?%n% r?reoé‘gssi ng
system 22. ThanP8sERBRIGE6 MPME8/ BA8H 1is PEReUSER/ 28802erdly plavedansed i mage

data sent on to regi stered.may-be in any suitable,faor,mat such_ as: the
raw frequencyg n%e} ngigcs? gr?gl%%ég? eFr%%Lrlerrfcé(r q%r ﬁhléﬁg ecii’sote%ﬁ (SCPEE* t he
conpl ex spat spatiklhaionadat datkhethagmdnidedemigegdadata arschd hed phase

data. This c bili of .heing_abl e to process i e data in a variety of
for mat s rrgsy aPT vt aé%tadatlg‘lspggga‘%ﬁ'h‘by o°|)EO %Féyﬁragggs\;%gpﬁc’&ﬁﬂsr ement s.

* Al ternativel yimaige adand tiablae vheietpgoBtictniate may AFlewidtad rdaf rom any
poi nt al ong the data stream. sui tabl e conpl ex i nage data may be

obt ai ned. ThePProREETEY qrrrgé'lgqaggéecg@%%‘% FEFHESBERRe hel d in  short term
menory 24 andabesinatiinedi),y dadar egisibid ifor regybbLalfon RRgh P ation engine
ﬁg Identifies ol 6 | fBAPSnS Bofae O Sl Yy Lh, SOLL SSRONT! 19, e portions
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.



15 identifying the position of an inmage in a wafer coordinate system In a
preferred enbodi ment this may be acconplished by identifying thé BEB 2006
nunber and the frane coordinates within the die for each inmage, as

determ ned by control system 16, as shown in FIGURE 1. 20 Although the

di scl osed enbodi nrents have been described _in detail, it should be
under st ood that various. changes, substi tutli®ons and alterations can be nade
to the enbodiments wi thout departing fromtheir spirit and scope. 2 8 F E
B 2006 WHAT IS CLAIMED I'S: 1. An inmging system a positioning systemop an
optical systemdisp systemand operable to capt target; a charged coupl ed

devic couplﬁﬁeﬁﬁig tReTMBDHI ¢al. sys record the hol ographic i mage system

t he hol ographtc ima obj ect wave, wherein the co phase data representing
the data for points X ARdI¥egAne SYPEGMsFPEPFOA1EFstem o optical system and
oper abl e receiveafpegtieneyitat ayseeandpesabdepondpngitiagea targespondi ng

. ChaPLet o ah"8pbtPat BhERen A spBBLab2bE: AEECLAL! BBsLRECATRGN
system and operable to capture a holographic image of the
target;

a charged coupled device (CCD) camera operatively
coupled with the optical system and operable to digitally
record the holographic image data captured by the optical
gsystem, the holographic image data comprising a complete
object wave, wherein the complete object wave comprises:
phase data representing the target height and reflectance
data for points X and Y on the target;

a registration system operatively coupled to the
optical system and operable to:

receive frequency data for a first image and a
second corresponding image, the frequency data
corresponding to the complete objecﬁ wave data recorded
by the CCD camera; and

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, the correlation data comprising a
correlation translation between the first image and the

second image.

2. The imaging system of Claim 1 wherein the
frequency data further comprises a FFT of the complete

object wave data;

3. The imaging system of Claim 1 wherein:

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.




inverse transformof a conpl frequency data of the first of the second
i mage, the cor correlation translation betw second image. 2. The 2 eggmgyg
system frequency data further conpr object wave data; 3. The inmaging
systemthe first image further portion of a first die; and the second inage
furthe corresponding portion of a s nprising: able to position a target;
ed proximate the positioning e a holographic inmage of the (CCD) canera
operatively mand operable to digitally pta captured by the optical data
conprising a conplete |l ete object wave conprises: rget height and
reflectance target; ratively coupled to the a first imge and a e
frequency data object wave data recorded for the first inage and ion data
conprising an conjugate product of the age and the frequency data

4. The imaging system of Claim 1 further

comprising the registration engine operable to:
receive the FFT of the first image;
receive the FFT of the second image; and
determine the conjugate product of the FFT of the
first image and the FFT of the second image.

5. The imaging system of Claim 1 further
comprising the registration engine operable to:

receive complete object wave data for a piurality of
corresponding images; and

output correlation data for the plurality of

corresponding images.

6. The imaging system of Claim 1 further
comprising the comparison engine operable to:

compare the first image and the second image; and

identify phase differences between the first image

and the second image.



| ati on data conprising a the first inmage and the 2 8 FEB 2006 115 4. The

i magi ng systemofiCaim1 further conprising the registration @n§.rrg 2006
operable to: receive the FFT of the first image; receive the FFT of the
second i mage; and determ ne the conjugate pr~duct of the FFT of the first
i mage and the FFT of the, econd inmage. 5. The i-maging systemofiCaim1l-
further conprising the registration engime operable to: receive conplete
object ware data for a plurality of correspondi ng i mages; and out put
correlation data fot the plurality of corresponding i mages. 6. The inmagi ng
systemof Claim1l further conprising the conparison engi n~ operable to:
conpare the first inage anj the second image, and identify phase

di f f er encesl befweenArhdmpges FePREGEALARY F%§t§@CSHHPFﬁ§d€.'2 6 F E B 2006

17, 7. An imagg eghisthakiion eystie® opepablengo: a registration engine
operabl e to: receiVve conpl ete object wavfe f QLLespandis i mage
pairs, wherei nrﬁﬁé’lé’ﬁrrﬁggp e%ﬁ J Sy &gt gg%%or%%i %es:r D aselg%} a
repr esent i fg gehatiaisg e whiegiegnt uhaicqm@ﬂbect@ﬁﬁeC@aM@Vﬁoﬂaﬁéints XadyYon
a target and, Lhe. | THE LAl hay g e thidst HoRarepd &esependng
cor r espondPRGTHREFE; Fan

reflectance data for points X and Y on a target and; the

image pairs having a first image and a second

corresponding image; and A

calculating an inverse transform of complex
conjugate of the fast Fourier transform of the first

image and the fast Fourier transform of the second image.

8. The image'registration system of Claim 7
wherein the object wave data of the first image and the
second image further comprise complete object wave data

captured by a CCD camera.

9. The image registration system of Claim 7
further comprising the registration engine operable to

filter the complete object wave data.

10. The image registration system of Claim 7

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.



calcul ating an inverse transform of conplex conjugate of the fast Fourier
transformof the first image and the fast Fourier tran formof thé FEgQmg
i mage. 8. The inmge registratio systemof Caim7 wherein the object wave
data oflthe first imge and the second image further conprise conplete

obj ect wave data captured by a CCD canera. 9. The inage registration
systemof Claim7 further conprising thesregistration engine operable to
filter the conpl ete object wave data. 10. The inmge registratiop system of
Caim7 wherein: the first inmage further conprises an image-of a portion
of a first die; and the second i mage further conprising an i nage of a
correspondi ng portion of a seccgnd die. 2 8 FEB 2006 11. The i mge
registrationl syisterffof iGhagenregimteradi ot ey ategy siff dtliadim ehgi ne!is furt her
oper abl e : [ t F : j i X | W e .FFT of the
second irrtza‘fgléxr glteet\r&% ne %&%\ﬁjﬂg}getﬂgl% uct otkﬁrgq%}—glreaoql% h@:’fi rst imge
and the FFT of ndfeistordis fiiye. ol therHa fistagenagsyi stratioii systemof Caim

7 further operalesi e tdad arpm er agy rRlAdPN Ry pet ween  the first inage
and the second jnage.., 13. . The inmage registration systemof Claim7 further
operabl e to reéiestt%‘“?eplttﬂeaquriﬂ At C@Pqtmﬁfe%%ﬁ EET of tA%vet hod of
regi st eri rihigatregegkateandfthe FFT of the second image.

12. The image registration system of Claim 7
further operable to determine a correlation map between

the first image and the second image.

13. The image registration system of Claim 7
further operable to register a plurality of complex image
pairs.

14. A method of registering image data of
correlated images comprising: '

receiving complete image data of a first image
comprising a first complete object wave, wherein the
first complete object wave comprises: phase data
representing a target height and reflectance data for
points X and Y on the target;

receiving complex image data of a second image, the
second imagé corresponding to the first image and
comprising a second complete object wave;

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
inverse complex conjugate product.

15. The method of Claim 14 further comprising
identifying a translation of the first image with respect
to the second from the correlation magnitude map.



- correl ated i mages conprising: receiving conplete i nage data of éirst
image conprising a first conplete object wave, wherein the fir %@hﬂﬁ&te
obj ect wave conp*ises: phase data representing a target hei ght and.
reflectance data for points X and Y on the target; receiving conplex inmge
data of a second inmage, the second inmage corresponding tot e first inmage
and conprising a second conpl ete object wave; cal cul ating the inverse
of | t he conpl ex conjugate product of thel¥ast Fourier transformof the
first inmage and the fast Fourier transform~f the second i mage; and
calculating a correlation agnitude utilizing the inverse conplex conjugate
product. 15. The nethod of Claim14 further conprising identifying a

transl ation of .the first i e W Lespec fromthe
correlation naé Ftu&gen%f&%g%Bdgkgﬁfﬁgbag Ef&%%?kggﬁggﬁg%gb Claim 14
further coepibsemgnoegmeper daga fage @arautredity pifucarinedasgedcorr el at ed
i mages. 17,.thg nethod of Caim 14 ~ further conprising: identifying a
plurality of Jcont r ol poi nts based upon the inverse conplex conjugate
product; and performng a msregistration analysis based upon a peak
pattern identifiyed @heame@hocd @ifi @1 al@P14 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.



