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relates in general to the fiild of image processing
and, nore particularly, to a“systemand nethod for
detecting differences between conplex imges. 5
BACKGROUND OF THE INVENTION In a direct-to-digita
hol ogr aplns Tsys ke METHOGr 0K DETEHUTHINGH DI FFERENGES
obj ects can be obtai ned ocessi ng of
t he hol ograns al | ot %%%%C$$§§ﬁﬁ%f¥§%?§§ 10 |ngge
waves of the objects. These i mage waves contain
significantly nore information for both small and

ig@ﬁﬁlggﬁt9&EED°6Ft?§E°?N@Ek§Ibﬁan conventiona
Fages,  because | mage phase

i nf or TRt kofnivent ebai netlatas thegkokuvgiatre, thet fiedd oF

conventional images. 15 To find.small .difference

HIBEEyPEPREFSENEbFBE sSTOTFY PF‘Eg%ﬁgEPF&P{r %ﬁa? e 3tk ana

H%kﬂgaaﬁg¥ g¥skem henak RSeirBnaes Bkahkenstalplefmiages .
anges, however, nay occur within the system during

he tine between acquisition of the holograms

'tthh NUE&E&&NS'”1Iar obj ects. 20 O her

Fre 5 he obj ect may not be

pos'tEﬁnaddQKé@tLyOPHEgiaﬁé hﬂ&ogka@h&feyeh&m, holograms

| ocati ons t he objects ma be t .a g% eren .

fools hagh Ly FLBLAAE PBOSEFEneals aiRg yst&ﬁsecu ive

§B§8?E%ﬁn§”%ftEﬁe heea kg&sdaﬁﬁg%%nho@@@&g%@nc@& causel
acts”(e.g., 25 arfificial or virtual differences)
ﬁmagecwavwhenf déEephUnphg i f THielskeedanees veviest contain
bet ween th ects | £ ng e e

SEfeah &ﬁa&g gnal F &Hgﬁrrélgltl YE%EC TR %H‘al(i %@1@1’ Qarge
details of the objects than conventional non-holographic

images, because image phase information is retained in
the holograms, but lost in conventional images.

To find small differences in highly similar objects,
it is important that the holography system remains in a
stable state. Small changes, however, may occur within
the system during the time between acquisition of the
holograms associated with the highly similar objects.
Oother changes may occur because the object may not be
positioned exactly the same way at different locations,
e.g., the objects may be at a different focus at
different locations. Both of the system specific and the
location dependent changes can cause artifacts (e.g.,
artificial or virtual differences) to occur when
determining if differences exist between these objects.
If no system specific and/or location dependent changes
occurred, the measured differences would unambiguously

determine the actual difference between the objects.
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occurred, the nmeasured differences would unanbi guously
determ ne the actual difference between the objects.
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appl i cations, such as defect gnspection for a

sem conduct or wafer, the hol ography system nay be used
to acquire nmultiple imges fromdifferent |ocations on
obj ects that were neant to be identical. Although the

5 obj éct $E AR LY eatisis AP Ve ghigpection for
i BehBloorddiRt APFI Rl OR NEAASG Y R-Thy A0S By 83FNiseq

| ocation may differ and thus the i'mages from
dicf Pecrritrd ordtbigis rmpgesppean 06 ffemirftf drerstidme on

i [, e ui,_Si tion t.ens, an . e fraom
e T oearT o oS g e e Bt al o T £
spgeemst ken dififes-dn dpethebns aeat iben MIRyHIRE Ohidcr, the
that includes _an image having approxinmately the sane
PESEERELOPTHE 3RSt e M- Gbr aitRSUEn  Atm&g€ Matl ad#é e Giay

kegati-onrang HY e ' g i of
val ues bgt vveé'%%i %élr@f irirﬁ%tgte%ngrg)g{:fgﬁg%%%%dntg&eog%ﬁo%ﬁwgay

Bppgsrviluds iWetfifeeenthe Twocomygas iogiaflf emadehe

ad] he f val jated with th
ST el V5 a0 ol eRy FaCEh e JFoRS O A a0

abgectatag Wet bbtRentdr st Thebgg st teeaCtdviedSs td R@other
second i mage with the adjusted focus values. This 20
pPERELSEFe tRa R d 666 EgthénFilh‘éielseql@i Aagaeo hartaion
Bgﬁrokﬁﬁa%eﬁ&o%bkh%a%EPQBchQQQF!O%héngy%%%ﬂ $8332% an
the cost associated with obtalning nultiple inmges
fmegeont tbkj eecondologeapbicandadesedifibers them rea

25 hol i mage nt ai_n

{TPEREREEaYSe £ 28 0L COLEPL £ LIROED CONAN e cccond
ORbYesONt aicnthat eBslbyval E8r BBEWERn the 2ddi thrpak
gg?%gr[nigéng§gggmldeusts the focus values associated
with the second image to approximately match the focus
values associated with the first image and re-acquires
the second image with the adjusted focus values. This
process more than doubles the time required to obtain the
image from the second location and can increase the cost
associated with obtaining multiple images from one
object.

Holographic images differ from real images because
holographic images contain intensity and phase
information while real images only contain intensity
information. The additional phase information in
holographic imaging adds a new dimension of complexity,
as well as new possibilities beyond standard image
processing tools and capabilities. For example, wave

front matching capabilities would have little merit for

intensity images (e.g., real images), whereas they are

AUS01:325167.1
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hol ogr aphi ¢ i magi ng adds a new di nensi on of
conplexity, as well as new possibilities beyond

wa@agaises | mage 30 processing tools and capabi PCT/UERN3/028877

For exanple, wave front matching capabilities would
have little nmerit for i ntens?’ty i mages (e.g., real

i mges), whereas they are AUS01:325167.1 WO

2004/ 025568 PCT/ US2003/028877 3 inportant for image

vianges- ety . forr QMEEX warkeges)e . AS, td@ypl @ Bs§esNe as they
phase in the image wave that does not exist 1n the
[

Herd=oohpl @I i HRESs Ak & el dopmgest exist

sRcliugde Hh s FRRHiRNCY portions and | ow frequency
plorti onsl. Typsilcéglly, actual differences in the inages

will Goowlaxn imageshi ghi Ko empsdncdynagmmponent sudd himh

i es. An l.acat i on pendent or system specific
c rae%ﬁlgél,cyhé%}elﬁns rﬁfi}éj s%erflgﬂ%cé)l/(ﬁo 1A% t ual
divifieansss datueat ife b igh i refuengagandyd OW occur in

frequency conponents of the images. In sonme conpl ex
ithgg & 9t e 9B se frsmapenysr tifordiofinage i f fAarent
RAES TRy R i dHfer tﬁ?&ﬁ%ﬂ‘%péé%%fﬂ“ﬁﬂ? %ggfﬂﬂo%%yer,
speci fic changes, suc s mnor air —turbul®ences. e
mew ftregeeray idiifdierlence s intyadr edtfe eferagdd fircildth the
gi.f erences betvveecg| therﬁ mages such that the ystem
ARt FECEGF S e AP 1 %Y B YaSHROWHE ¢ ncy
dickbesences kehweenniiexd Tagess | kst @.‘&ﬁfﬁéc{@ﬁsy
processing, a Fourier filter may be applied to both
PREGESNEN@Ta tiew Pdde dantt émagey ey 2B Wi qnembtdia to
the L@ pr &l L N [ S. inverse
oS, P BOREREY RRCIAAL Shatlfels SoneA? THETT figes
backullentke .t | Mheddmmi regclkentiat itffedamrdsTagas ce@ite
. is solution, however, does not

ggtg%ggggﬁddiE E%ences between the images such that the
system cannot accurately determine the actual high
frequency differences between the images.

In standard image processing, a Fourier filter may
be applied to both images and a low pass filter may be
used to obtain the low frequency portion of both images.
An inverse Fourier filter may then be used to convert the
images back to the time domain such that the two images
can be compared. This solution, however, does not
eliminate the low frequency portions of complex images
due to the additional phase information contained in the

image waves.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present
invention, disadvantages and problems associated with
detecting differences between images have been

substantially reduced or eliminated. 1In a particular

AUS01:325167.1
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elimnate the |ow frequency portions of conplex inages
25 due to the additional phase information contai ned

WO pootozsses mage waves. SUMVARY OF THE | NVENTI ONPCTYUS2003/028877

accordance with the teachings of the present 30

i nvention, disadvantages and 6rob|ens associated wth
detecting differences between i nages have been
substantially reduced or elimnated. In a particular

ALKIEA 3B, 7 &l R A A 12 5268 G HSROORE P288dd pétween

enbodi nent, a nethod for detecting differences between
GARRSK i ifiEges | RILRRS o FeRet g an aﬁ@lﬂa@tmnv‘aall@e

& {fRrence %ﬂ%fﬁ@b a, fifst co cg@lle@s{ | RS dblx an

aberration ction a conparing € no
taba:ﬁw@a’orﬁlm:m”nmremndr&genpaﬂmufg theninmdd frgedt h:Emage to a

dlf erence _between the .conpl ex images in the high
Ctﬁf’é]ﬁ Phige. T MAGE o ddBtHarit e Wi sh & ?1%?1%“%?

ﬁﬂﬁm@kﬁﬁ&%@'d@MﬁﬁéxﬂhmébéHﬂfHN%Hé”hf&ﬂ‘%%é&ﬁb cy .ran
di fferences between images includes acquiring & FiTet

conpl &% iasEgE et “{E(t?semmdﬂm‘ﬁplw’q rmfgethl'&nfcpresent
a lo S f e the first

% eéﬂé:(r:lg)ﬁld coWﬁQex | r#grés teCtbltnaO[ fof&? PR s

rlartagms 'lilmlsmmc@;mm:mg iarage-gts compidht edndaye tdhed a

| ow fre eny ratio to replace | ow frequency

SEioe X HEGEC G CERivend @adé’WMRar?E’r dvi 4T to a
Ekﬁﬁ%ﬁ@ﬁyt%%wﬁgﬁ%ﬁt%ﬁa:éé@%ﬂa'aﬁn i %ﬁgﬁﬂ%qg%.@%%ln a

nodi fied conplex image is then co i rst
dervp ferduenge tr@td@t er Mhee sefcarnide coppdreck carlq:geems rrage

JRETBL U5 Lol SO 0 Ber e

Sysigeenter cdepeckntg dif frefereesndeitaapl ex 1mage w1th low
frequency components of the first complex image. The
modified complex image is then compared to the first
complex image to determine if the second complex image
matches the first complex image.

In accordance with another embodiment of the present
invention, a system for detecting differences between
images includes a digital recorder for acquiring a first
complex image and a second complex image and processing
resources coupled to the digital recorder. The
processing resources apply a low pass filter to a ratio
of the first and second complex images to obtain a low
frequency ratio. The second complex image is modified by
the low frequency ratio to replace low frequency
components of the second complex image with low frequency
components of the first complex image. The modified
complex image is compared to the first complex image to
determine if the second complex image matches the first

complex image.

AUS01:325167.1
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I mages includes a digital recorder for acquiring a
first conplex image and a second conpl ex i mage and

WEe@amo3BHg resources coupled to the digital PEDUSTIOS/028877

The processing resources apply a low pass filter to a
ratio 25 of the first and secdbnd conpl ex images to
obtain a low frequency ratio. The second conpl ex
image is nodified by the |ow frequency ratio to
repl age hbewokaegdensy the anFenenes ehboddmeenord the
conplex image with |ow frequency conponents of the
presensofpvertirRged TREhsifaredesectdmg &4 5 q&s

red 1 c [ 1Q-4 tergy [ %
R S s R s P F 7S o dorm e 01
iimege. aAdSAlsa326h67 comDe20(4=025 568 tPORVMESZ008/1G28877
5 In accordance . with a further .enbodi t _of .t.he
SeaSaits ATEnERBRC A HerhEd T et S PRSI e
BelVeer GORRIEXohPRGSS 1hBEUdeSAcHUamtAg iddddddt
conplex image and a second conpl ex imge that have
slgrrat i5nf gangees ARd absEatilmg £umckian typ gfomputed for

aberr atd Qn vakues.  fiaf, £he fdd sh LR &4 AL IR dhage

an |C|pate§ abérration range. An aberration function
ii$ demutrdereflgr modddh edf biyhesathe rarfattihen alesdmes iamd t he

SFinETve aer 1 SFOROEG H e CORE ST HERBGI i G BAH ot £
RO d S el MRRE @it gd RE1E @EORbeamRlidn Idmas &flitbn

an aberration correction value is determ ned by

sellewt iimy defte rabeedativosalsiafe na e ywbargm i value
L SR SRE IR SR IS B ey oo
Widntp 1@k dddicel emal terbediced cfingllex ipregsent

! nvemIinor;fcc%rs a?rltceemwfiotrh %er} %(Eitc{iq:%_oq{aflf eermeb%cdeisment of the
present invention, a system for detecting differences
between complex images includes a digital recorder for
acquiring a first complex image and a second complex
image having similar features and processing resources
coupled to the digital recorder. The processing
resources select a plurality of aberration values for the
first complex image from an anticipated aberration range
and compute an aberration function for each of the
aberration values. The first complex image is
iteratively modified by each of the aberration functions
and the modified complex image is compared with the
second complex image. The processing resources determine
an aberration correction value by selecting the
aberration value that yields the smallest difference

between the modified complex image and the second complex

image.

ATISO1:3251A7.1
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bet ween conpl ex i mages includes a digital recorder for
acquiring a first conplex image and a second conpl ex

WO pgm23568/i ng simlar features and processi ng PEFUSI00B628877

20 coupled to the digital regorder. The processing
resources select a plurality of aberration values for

the first conplex inmage froman antici pated

aberration range and conpute an aberration function

for eémka@ﬂox¢ﬁn@©ewi@hi@nOVQene@mbd@émehts@fcbhplE%esent

SR L T e D e

témﬁpéﬁaiﬁ&bdﬂtbnéh@de§e§©@dlfﬂﬁ@l&Xfiﬂﬁgecoﬁbéex 1mage
pr ocessi ng resources det erm ne an aber ratrLon
LB r @cTFHY AR BT sERSE| hgvie SaBetht FEATYAPFeand

a@@é xgl {eaﬁn%éffat%ﬁf%f@geﬁ@f@ﬁéﬂ@@nem@m
conp

nndl ex i mage and the second conplex inage
wdﬂweémﬁjk?SQﬁﬂsu O 26844025668 PET/ US2068L 028BZ7 6

| d th mbodi
PRCERE T, T HOUT T O SHET bt g BT FeR e oL Ber LakRLY
BOAPE£Xnd NBYE SE 1 et UBeBpBEYUihadg By fansabeerptexn

I mage and a second conpl ex image having simlar
fenties Al SPHRekng n‘Flﬁ% ned 1%%ef=%ﬁ%t¢ oficyalgE image

Qiéﬁe{ﬁgméé53ﬂ§t§?2§T% %Qe ﬂ'ésﬁl ?éﬁﬁgﬂcy_range.

conpl éx i mages erratrion valu erence’is
t@&rmethmﬂtﬁurﬁheaidQEéymlnedli?lh@etmedifisd E@nptex

%gf an aberr Lon. functi o and nparin
O P TS o e Pl SR F PR chedR bl
BOAPERXnd NBYE dddndli 8BmbI 8QAUEHSEYe INADEER. a irbﬁ fethadncy

further deternmines if the nodified first nglex
Tanbe Mattdenehel gechradeeonpy exCrpRgRN by oﬁo heypagond

LOGoPEEONELEOWE OX 1 SRIL- Mt Ond, ! QWS EEAHEDCYE the first

complex image. The high frequency components of the
modified first complex image and the modified second
complex images are then compared to determine if the
first complex image matches the second complex image.

Important technical advantages of certain
embodiments of the present invention include a digital-
to-direct system that reduces the amount of time needed
to acquire multiple images from an object. In some
applications, the system may be used to acquire images
from different locations on the object. Aberration
values associated with each of the acguired images may be
different. 1Instead of re-acquiring an image with
adjusted aberration values, the system adjusts a first
image with the aberration values associated with a second
image.

Another important technical advantage of certain

embodiments of the present invention includes a direct-

AUSO01:325167.1
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ratio to replace | ow frequency conponents of the

second 15 conplex inmage with | ow frequency conponents
wo@toonlessbs r st conpl ex i mage. The hi gh frequenkgT/US2003/028877

components of the nodified first conplex imge and

the nodified second conplex inmages are then conpared

to determine if the first conplex inmge nmatches the

second conpl ex image. 20 Inportant technical _
lesrmpgiy  ssiffedi ridtts finirayeesgmifacts

ifqﬁgpt' ale] ; i.gital -_-t-o-direct. syst t
re ucégpt(%ﬂgﬁ%%ﬁfﬁﬁ) %ﬁré?ﬂﬁ%&kéyéqi%%igﬁn€ﬁgréy%E?Wepay
icrages Hetomean soltjieet wHem sonfel raaplineaid dis,addieired and a
syste ey be .used tq acquire inages _ .25 from ,

SRR R s 4 GRS e JBaSS SURdr FRERSS ViR 1Ly

%Gl ated ol ttheeRehQf dARRLMHHL & RIS JIRL-&Le images.
different. Instead of re-acquiring an imge Wth

délicu SEd sdb @ppdtliesn av dlove £ radversys tfdrhtad] st @ ardtiistof

[ i L h rrat] [ associ at wi t.h a

S ns gy B R At R T PR B hes oy
atheantade ab eddtrdnateendbhedlmenttycofuds pRgDHents from
i ovention includes a direct- AUSOLl: 325167.1 WO
5864556568 PETFUSoB03/ G887 On 1 S16 Bick TRABIETBhy
Spibeehital o8l kiknahggedl bitatitmallcdM FhiAWINes the

i mage. Smal | changes in the syst§h1nay occur between
gysiten Weepcgufrbkst vi degeridnecddi rey andual seddrdences
[ is.acquired. These small changes typically 5

8%?%? Pﬁtwg%Pf%gaugwgylggﬁﬁgnents of the acquired

i mgeall, Teemsysbenappl bgs tadsewrkiceauengy adviadi®ade® may
a ratio of two acquired_images and nultiplies one of
PRePFREGES BY VEKECHE! PBPEiBEN S #fe thige PEGRENL

inoaHeney coppaRent Schhem, 1t N hIRIGCOMAN! $QN e lYS
only the high frequency

apparent to one skilled in the art from the following

figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present
invention 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 illustrates a schematic view of a direct-
to-digital holography system in accordance with teachings
of the present invention;

FIGURE 2 illustrates a schematic view of another
direct-to-digital holography system in accordance with
teachings of the present invention;

FIGURE 3 illustrates two complex images obtained by
a direct-to-digital holography system and the resulting

AUS01:325167.1
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10 conponents of the inmages are conpared, which allows
the systemto accurately determne if any actua

waolRdoordeces exi st between the two i nages. Al PCT/E682083/028877

or none of these technical advantages nay be present
in various enmbodi ments of thé present 15 invention.

O her technical advantages will be readily apparent
to one skilled in the art fromthe followi ng figures,

%% ' ﬁ&@fsde@@gnfﬁm@san@mﬁlmmmm Tk

O A nore conpl ete understandi ng of_ the
qnmﬁﬁnﬂlomHV@hmedﬂl@m$Q%N@ﬁﬁ%g@%thh%h%o eaglipgs of the

ac ui red, eferring to the follow ng description
?nln enE S

conJunctlon with the acconpanying draw ngs,
In W ChURE ke 1IEﬁ§tEmm@snwn@emplendlmage pbkained by a
features, and wherein: 25lI1:IGiUREF gﬁ tes 8. ncation
GereratFe-Jighrot BOHPIERRLY +BYY GWtﬂF 8ogr 3PRY

§d§t§9%iﬁaéegoégégg§ ¥$t6héﬁ@églﬂﬂSth@fhbm@gpapaynbystem,
|

i nvention; ustrates a schematic vi ew of
anothEIGUEErécullgs@r@¢¢alth@l@@mﬁbﬁy spagenPfnFIGURE 4

accordance, w 30, te firh th th
SRR DAt R PR 377 | Toet FarEs Fhoehomfabr itk the
©bh ahneds by £ ahélpﬁééeﬁb ﬂngehahoholagdaphy systen1and
the resultin AUSO1: 325167. 04/02

PCT/LE@@@@EO%88#?HS§r?ﬁ%§e a%%%W gefEFnPhi ﬁngEBOd for
38?%¥tEggaalfﬁggéﬁééaneﬁﬁééﬁCEb gléglgaagesa@ﬁordance

teachings of the present invention; FIGURE 4
attusﬁaateswatbohpaehlngaggfobha|n@GSEVtalngentlon
di rect-to-digital hol ography system w t hout

§§E£§£§§L§E§§§£§ﬁﬁgﬁtifaCtS caused by changes in the

Preferred embodiments of the present invention and
their advantages are best understood by reference to
FIGURES 1 through 6, where like numbers are used to
indicate like and corresponding parts.

The following invention generally relates to digital
holographic imaging systems and applications as described
in U.S. Patent No. 6,078,392 entitled Direct-to-Digital
Holography and Holovision, U.S. Patent No. 6,525,821
entitled, Acquisition and Replay Systems for Direct to
Digital Holography and Holovision, U.S. Patent
Application Serial no. 09/949,266 entitled System and
Method for Correlated Noise Removal in Complex Imaging
Systems and U.S. Patent Application Serial No. 09/949,423
entitled, System and Method for Registering Complex
Images, all of which are incorporated herein by
reference.

FIQURE 1 illustrates a schematic view of direct-to-
digital holography system 10. System 10 includes laser
12, beam expander/spatial filter 14, lens 16,

ATIQNTADIRTIAT 1
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FIGURE 5 illustrates the conplex image of FIGURE 4
after elimnating the artifacts in accordance with the

wo emalo23sgs of the present invention; and 10 FlIRBURESH03/028877
illustrates a flow chart of a nmethod for detecting
di fferences between conpl ex Pmages in accordance with
teachings of the present invention. DETAILED
DESCRI PTI ON 15 Preferred enbodi nents of the present
bWl onc &Rdi gt hebtqgadvant agssudi8gbeshsupdenatond by
reference to FIGURE% 1 through 6, where |ike nunbers
e ubRdthe 11h@|$‘éfa@be<|i|qzréb@cﬁm@@tre%@@ﬂm hg parests a

S Th LA LOVERN SRORRELALLYLLE B CRnhoclLl Le!
&Wcﬁé@ﬂflmeﬂe& 1P@menttr&dee1@ OHBo39R eehit Iledto

Direct-to-Digit %%ia phy and Hol ovi si on,
beqesrl Not e, %%5 8§§am 1thes, l%@ﬁ%YSP?l%ﬁYaﬁHtFéﬁiay

Ysh&a® {104c Dai%&zstg &tgiéﬁ'ofbtﬁéfB@QM 88dpe
Hol ovi sion, U S. Pate ? Application Serial no.
mgatmtzt%d eqndlt aeyosysmrw%n@lhe Meeamdt 6 obe Coefdkated.

i R Coympl :
Bl S lurtn e apl L0 o HEHSER 800y
Jor Vst B ﬁm@bi\/bwﬂa@ﬂef@ppmm@émgfﬁ:@ﬂpl B3rcehagesospl bf a

of which are |ncorporated herein by 30 reference
FRROURES 177 F1 9GEPat 630 ARRFERHIRESVY ebi BFY dPPEEEDE 0(50%)
S QA2 ohoh gk aphun syel & 10, 1 YSL RO 1nbagL Hdtes | aser
eam expander/spatial filter lens 16, n TQMU
Hé@mﬂpﬂﬂtueﬁmlQO@&YO@55&8ﬂPGEM@EQﬁOBr@28817 afy Sultable
beans I|tter ocusi ng_lens 22 an .
SR ads oF nt1akll P tedRen LATeEhoRe nERY, Shdlfle ) e 1
ﬁBﬁfiiﬁh@bd to, a cube beamsplitter and a plate

beamsplitter.

The expanded/filtered light that is reflected by the
beamgplitter constitutes target beam 26 which travels
toward target 20. In one embodiment, target 20 may be an
electronic device fabricated from silicon, germanium or
any compound containing group III and/or group V
elements. In another embodiment, target 20 may be a
photomask or reticle that includes a pattern formed on a
substrate. In other embodiments, target 20 may be any
other object, assembly or component from which a complex
image may be generated. A portion of the light reflected
from target 20 then passes through beamsplitter 18 and
travels toward focusing lens 22. Focusing lens 22 may
operate to focus target 20 into the focal plane of a
digital recorder (not expressly shown). Focusing lens 22
may further provide magnification or demagnification, as
desired, by using lenses of different focal length and

adjusting the corresponding spatial geometry (e.g., ratio

ATTON1 .28 47 1
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beam of |ight toward expander/filter 14 and the

expanded/filtered light travels through lens 16 to 5
wheaanpissg t er 18. Beansplitter 18 nmay be any op€T/U81003/028877

el ement that allows a portign of the beamto be

transmtted and a portion of the beamto be refl ected.

I n one enbodi nent, beansplitter 18 may be a 50/50

beansplitter wher e appr oxi mat el y flfty percent (50%

Qﬂ Qbﬂibﬁnﬁuwt@m¢eft@ctm@g%wdn%ﬁmm@& mat €hy fpepged light

Rereant (2090, o ol Lng; bealh | 5. 4EA00M LB ohD OBSkiment

! eansp nay reflec
ﬂBl‘[eartSlrQlit #NyrStibt @bt emajae]dsé: eqntlaggh ofesbiition charge
eansp itter 18 include, but is not limted fo,. a
WhARPIFE L é@C%th%mﬂ%ufeha% %ae%nﬂg%??lf@e?ngmiayback

hidd fPeé'EPémtiﬁ%gé§ s&f | ephedabyithe recorder

eans itter nstltutes target beam 26 which travels
mmmulm:g gbe 20nténfaned enblli FreeenPtbeyel(nd auproesly

on fab |
e A o BL G5 CBREGU Cont e IRGCBr ouhr PP
e”!ﬁEUcIMméHtQUptl\/e l@f@ﬁ@@éﬁnglfbmd‘@ﬁ eiPodenent, or a

target 20 may be a, photomask or reticle that includes
PR P 0P Fredl BRCROPERERTTY €. 2 I AL gFAgPRtroller, 2

%@g%ﬂ‘;ﬁoﬁn %%&e; paypde) by al%'hSEhQPJ 8%4ital

onent ron1mh|c a conpl ex 25 inmage
dﬂmcdmtxmwmmmﬁrngédpb@thWCQﬂstimi¢r@htloefIected

fromtarget 20 the sses thr eansplifter 18 and
travéﬂ§agﬁﬁﬁﬁﬁo?o%gs€ﬁﬁ ZQDQEO %%%ng% %%§E2§Snay
6¥Eﬂéﬁf%6éﬁf@%&@h%ﬂrﬁééméﬁﬂiﬁﬁéktﬁ@ tegatipliae o&rarence
digital recorder (not expressl shomm% dFocusm | ens

A

lzezaf@@&my R@f@h@mcgrb@@@ez%aﬂgﬁuf@@a@? ofrom reéference
m % %@Ign gfl %ﬁ%iéed’T Y HéfDQCESBSEéfQEence beam
d”? er en 0

cal engt usting t
i esgtswck mge Spatral geomhémytf@vgls tavapd bea@éplinter
f% (:The portion of the reflected reference beam that is
reflected by beamsplitter 18 then travels toward focusing
lens 22. The reference beam from focusing lens 22 then
travels toward the digital recorder. Together, the
object beam and reference beam from focusing lens 22
constitute a plurality of simultaneous reference and
object waves 30 that form a hologram.

System 10 may use a “Michelson” geometry (e.g., the
geometrical relationship of beamsplitter 18, reference
beam mirror 24, and the digital recorder resembles a
Michelson interferometer geometry). This geometry allows
the reference beam and the object beam at focusing lens
22 to be combined at a very small angle. For example,
reference mirror 24 may be tilted to create the small

angle that makes the spatially heterodyne or sideband

fringes for Fourier analysis of the hologram.
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WD 2004/ 025568 PCT/ US2003/ 028877 10 of object
di stance to i nage distance). The focused light then

wo e@nob3s6g 0 the digital recorder. I n one enbodP@BEIB2003/028877

the digital recorder may be a high resolution charge
coupl ed device (CCD) canera flhat may record and

pl ayback 5 a hol ogram acquired fromtarget 20. The
digital recorder nmay further be interfaced with a

conpukehukROb ?lﬂﬁ%%%%&essgpg%hehggac'QQQHﬂ%% another

processing resources. In one enbodi nent
pM@m@ésia@bpésmantegfndyrbetGMe dngatadommhmgmaphyﬁsystem

cro ess ntroII a 10 .digit qna
T oBe St oan) 1 e Thas B AR 18l xR Gl It 42
verfibgueedebRsplocess i4af onmabir-get Eﬁﬁlp@fwé@éﬁghdé“érm,
light fromlens 16 that is transmtted through

B@éﬁsspmbﬂ@?r1§4céﬁ§tdﬂ@ﬂé@lréﬁépéﬁ@é 5§eamﬁh? target arm
ﬁ?&eﬁﬁggﬁdge@gkéétl e ﬁIEg@%%%eErg %%C eg%s lltter

ror angl e re ecte referen
Beantafpgem okfiecenve Bwnraar@étthenahﬂatdrgdanmhé lens

ansplitter 8. The portiqgn of the reflecte
e or ShEe BERRFLRE! SFY TRy RBCTUdShy BERER Do 18
bheanbeavebs k@ﬁ@&@nﬁ%c%%b&@ﬁlh@ﬁ%rZ%o The rgfegicRnce
beam from focusing lens 22 then 20 travel s toward the

@bg?ﬁéﬂvﬁeéévd@ﬁfeIégéﬁh@ﬁrrpﬁe24oﬁpécﬁe§@iﬁﬁéﬁdtUbe lens
%Eferﬁﬂfgh ?Thﬁ%??é&%%”%hﬂ% Eﬁ@ﬁtzzla%%QSH' 1S Bts a

"dr a neous re erencé an obj ect "waves
BBathat ImghtatbwbagraﬁrlsbSéeﬁttenuayomsazaand the
eone geonetrica

' .0., the,K 25
PEF%Pﬁaﬁgﬁ.bgghtbéaﬁgéﬁﬁgFer5$§la§éﬁebsﬁwéplségﬁr 44.

UhEEQBlg4be§M§plB@t@kg@haha&eﬁgrQﬁro$%§%€§|%ﬁe%ent that
M chel son i nterferoneter geomatr eorretry

hrpo@msitehe p@rénencefbéhﬁ1bﬁdmthsdobpééecb@aﬁmather

88%#§5Eg%regﬁe %%a&o b?ncgﬂg gf§ug£r tegr%m%wglment

exa
variable beamsplitter 44 splits the beam of light into

target beam 66 and reference beam 68.

Still referring to FIGURE 2, target beam 66 is
directed through target beam expander 46 toward target
beamsplitter 48, which reflecte a portion of target beam
66 toward target objective 50. The reflected target beam
then interacts with target 20 and passes back through
target objective 50. Target beamsplitter 48 transmits
the portion of the reflected target beam received from
target objective 50 to beam combiner 54 via target tube
lens 52. In the reference arm, reference beam 68 from
variable beamsplitter 44 passes through reference beam
expander 58 and is reflected by reference beamsplitter
60. The reflected portion of reference beam 68 passes
through reference objective 62 and is reflected by

reference mirror 24. The reflected reference beam then
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30 reference mrror 24 may be tilted to create the
small angle that nmakes the spatially heterodyne or

w@e@el2sses fringes for Fourier analysis of thePCT/US2003/028877

hol ogram  AUSO1: 325167.1 WD 2004/ 025568

PCT/ US2003/ 028877 11 FI GUREZ22 illustrates a schematic
vi ew of anot her exanple enbodi nent of
direct-to-digital hol ography system 40. System 40

phBekudes dasel-olidh YerkalieAlhsuatiole 42 an@niabl e
beamsplitter 44, "a target arm a reference arm 5 beam
trompiniat ey bandediegenge Peeosddil tBer Bfe t Kefstreman tube
i-ncl r t arget .
LGRS B LY, 8, BBAE CHRRN hethu M elTsa 4 e
cbabgdetkst Uhehtefsomb2heThargefesent anadl M ydfecidmte arm

reference beam expander. 58, reference beansplitter 60,
aflg'f grereés1660 F@@PW@%%@% &Pe id@ ik dieCoA Saty 56 -

rhebaeere® i nkenshebbonbA nlele Helhits i3t 84 digital data
enbodi nent, laser 12 directs a beam ot “light toward

thaki bl eeavirdedat brangmand ethendgotre tuatned orimngldt.

travel s, to variabl e bea litter 44. Vari able .
boanSyEr et 0y T Na s SBe arBshy FeRded gnbhE eiar fomparing

theamseht-geadeer teonetlyt BE beawrand reilleelds varet-hder
ortion of the beam In the illustrated enbodi nent,

bgﬁPPﬁﬁl efpdafs LMLt ar iy &pI the gremséam 6F B §Rchinto

t f erencebe : i f i
A RE S e o ast bedmibo TS TO6 i raet da T hradan 2
it dngetrabedmiex PAGUBE 46 ,t owacdnt degeppreecdmspld thertt the

48, which reflects a portion,qf target bea owar d
S e 4 S T A gkl e caizag s o
bkNhEEACES oWel-htbatgefe2028ndepasses thackghhkoedh ens

target objective 50. Target beansplitter 48 transmts

irbupppapéprri ahlerst hergef| bepsgrlacger Béalrr beeibpldnd
tEESQE objective.SO rather than between target objective
50 and target 20. This allows large numerical aperture,
high magnification objectives to be used to look at (and
record holograms of) small objects. For large objects
the original Michelson geometry as illustrated in FIGURE
1 may be preferable, depending on the situation.

It can also be appreciated from FIGURE 2 that beam
combiner 54 may be located close to digital recorder 56.
Beam combiner 54 may combine reference beam 66 and object
beam 68 to illuminate digital recorder 56. The angle of
beam combiner 54 may be varied so that the reference and
object beams are exactly co-linear, or in general strike
digital recorder 56 at an angle to one another so that
the heterodyne carrier fringes are produced. This allows
the carrier fringe frequency to be varied from zero to
the Nyquist limit of digital recorder 56. Beam combiner

54 may be closer to digital recorder 56 than with the
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target objective 50 to beam conbi ner 54 via target
tube Ilens 52. In the reference arm reference beam 68

WO cani023568 | abl e beansplitter 44 passes throughPCT/US2003/028877

ref erence beam expander 58 and is reflected by
reference beansplitter 30 60.13The reflected portion of
ref erence beam 68 passes through reference objective
62 and is reflected by reference mrror 24. The

nefdreeted, & SHENGE heamdhan MR- 20040 eometries
PCT/ US2003/028877 ° 12 passes back throug refgerence

ols .act,i \eedktanided wheneaarisif taletedy hefegegicels being

beansplitter 60. Reference | ens. direc th .
Brbaﬁﬁjt%ojv%é of eam %uolr‘?olltnl{eb gn g%}‘ bc\?\lbel ccﬁlglcig%;bi én‘—’{engelita?)ght “Tnis
fanamvdhe- Har@eibatimanrthdlhe befwsenceharsbfeandand
directs the conbined beans to digital recorder 56. In
BIBHE RIRTS (01 Reo M5 iidd ebhs! 38e b it Farrtie

givd
il B decardednd AUl Rl A ddansdRidath no
ystem 40 may use a Mach-Zender geonetry. Conparing

tleerdvic o Zendery  aje chistiria lofreiia@iRE 5 calTeis allows much
ch- Zender .10 bec%se of i.tsrs'rrilarit Eo.the In
POl AT 2ORST T (T S The
Mchel sion e podHpld [ddistdmt ethé nd @R thysen tthe
can be appreciated that the focusjng lens (e.qg.

trargdreany ety B (WP AGUIRE Zy2kpin @%@ﬁ@&%@ by
: . : = o g |
AR PR S B IO e S ]| Bt
dhjeeptdrey 56F ridtehdre ttehanihet ieelod mang et xadg diotg vighe 50
dt 20. This .al|l | i cal
NV Egr 7 SR Dh U] VL T HE el (5 TG0t at (9
(fad 2 ECordhh UO U fda 11 ahieed Sardanl@rgeo

objects 20 the original Mchelson geonetry as

idisslts esd §rirReQIRE the B bie bred e b of TIERINN ny
Uit Suald Pl ldnLALA 20 B AP LS AR D s no
longer correctly recorded by the digital recorder). With
the Michelson geometry, the maximum spatial carrier
frequency of the hologram may not be reachable because
the angle required may be large enough that the reference
and object beams would no longer overlap at the digital
recorder for some geometries.

In operation, systems 10 and 40 may be suitable for
recording and replaying holographic images in real time
or storing them for replay later. A series of digitally
stored holograms may be made to create a holographic
motion picture or the holograms can be broadcast
electronically for replay at a remote site to provide
holographic television (HoloVision). Since a hologram
stores amplitude and phase, with phase being directly
proportional to wavelength and optical path length,
direct-to-digital holography systems 10 and 40 may also

ATIQNT-2281&7 1
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conmbi ner 54 may be | ocated close to digital recorder
56. Beam conbi ner 54 may conbi ne reference beam 66

wa@pa4ojsext 25 beam 68 to illum nate digital rEPCDUSE03/028877

56. The angle of beam conbi ar 54 may be varied so
that the reference and obj egt beans are exactly
co-linear, or in general strike digital recorder 56
at an angle to one another so that the heterodyne
eairivieelasf raxtgesnene preadisee theaBursenmstoweS0s tiee

carrier, fringe fre y to be varied from zero t
R PR 1S G st oty G S5 S hsgn ferisonent s,
GoRRIMAN o 54 J1RY. b%lqﬁlqsaecrlyt 0 M1 e arslast e tdran
with the AT t.cmz~a, A7 1 WO 2004/ 025568

P@i/ogsmﬁomllmlmme@hat@ﬁf g%ﬁ@tc}%ﬁ atngthrd For
anifyi @1%09 r@éep cgslnt(eeff%ro tri g, whera d hee tbhe

OjeCt el ng rragn d for acquisition
tgﬁﬂledlﬂijteﬁ:lt anﬁfeaﬂ ~=chi @hyaiﬂcmﬂs deagmntntmemgs angl e
et ween t he object and 5 reference beans t
RETRERRSIF Y AR eI g - Th e T e
ﬁfo%{%%eaa{&m ecdi f@@a@d&ﬂa@tﬂ&ﬂw wasd apeat

igital recorder 56. This allows nmuch finer control
eedrcutllsg ec ar rihers foalguersedariafge Rt Ithe fdmnoe+ whgre the

possi.hbl e tao va Qggms
fp?)tﬁﬁ zelhc?nt?p 6 t %ren%%yrrg}gﬁlogjngi Vé%fea[homed ‘%%Vé%/%l )
CHRGHRAIRE o dheedy sdembe tdompaddie tspad i Bikeasbjert to
frequency of the heterodyne hol ogram exceedi ng the
W%e foheg B2 Tt It RS IRECRTS (AT $Ec o TiF the
(.9 g t odf REANG AL DS I EARSL U] |tﬂé‘ef@sﬁé@clve

pi xel' s per fringe of the spatial carrier
f}rcéapgemr;s by onhntti gacarsglye md@mt@@SQthames

SOt 18 Longe Sortag LS NN the oy
'ﬂ@&ﬂ@ﬂnﬁﬁkﬁgﬁﬁméﬁﬁﬂdﬁﬂd be recorded at more than one
wavelength.

Systems 10 and 40 combine the use of high resolution
digital recorders, such as video cameras, very small
angle mixing of the holographic object and reference
waves (e.g., mixing at an angle that results in at least
two pixels per fringe and at least two fringes per
spatial feature to be resolved), imaging of the object at
the recording (camera) plane, and Fourier transform
analysis of the spatially low-frequency heterodyne (side-
band) hologram to make it possible to record holographic
images (e.g., images with both the phase and amplitude
recorded for every pixel). Additionally, an aperture
stop may be used in the back focal plane of one or more
lenses involved in focusing the object to prevent
aliasing of any frequencies higher than can be resolved

by the imaging system. No aperture is necessary if all
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frequency of the hol ogram may not be reachabl e because
20 the angle required nay be | arge enough that the

WO edoaziseee  and obj ect beans woul d no | onger ORET/U83903028877

the digital recorder for sone geonetries. In
operation, systens 10 and 40 nmay be suitable for
recordi ng and repl ayi ng hol ographic imges in rea

time, 25 or storing themfor replay |ater. A series
EP@F%%FI§re§P8P€&e%oPBgEbﬁsohﬁ§g5 ﬁ&déeF818F%§Fb%§'%%e
heLgongprhi,ccaRtion picture or the holograms can be
broadcast™ electronically for bglay at a renote site

to prouitderepolrdglaphicc isebevribdh CRokdVhsromEPrlsynEle

30
Bl RaPaP ik, yRU8roRs: orBnaloes way BrBasFRYs ¢ 83 By o
@ﬁbhdhﬁéﬂéhonadlﬂeéblhghdkgtbakebmhggtaahwcs¥SEﬁﬂB 10

and 40 may alsqQ ATTCnl.2,cl,,7 1 WO 2004/ 025568
PCIPR2003FO2B877 WeNesBFYBIas BRAFENENpIPFGFYStal and

§§§§5rf?§HE 59°h§sE9r11§ﬁE'E¥'BQF§Q§p%%ea%Q1%h%%ﬂSh%%%e.

precision conponents, assenblieS, etc. Simlarly,
The abigunylt@msgerQStMeplhwbdgbanwrdtgmgauﬁyln the

pro iLdes a hod_for _5 .di al
RBFSGr PRTel PR Sebr § SoRBPogR s aF "Lire "1ikgs Lighe
QPJQﬁéthéftQéseQOﬁ% Riysi eal repangeifstr @ysrecording an
tenperature, mcromachining, etc.), may be subtracted

imagF oethnobREE CAiEfeaEnsUBPLaEE 65 6RSFRagdf @mPining
cALCULAl 6 BaPNaLEd] TRasyr 8BRNL ROk LhBenERANge c B 1o
the p

Sé change’'i s directly proportional
halebeangt h. BySbmhtanbpueﬁg wbpéangcandbee@dﬁnarﬁdai@eales

| i_ke object . _measur.e.th vi at s of he secand
5b} SEROPFori Ends PORSITNE ERofbriohpanptappie TEHIMh
§HEE&§§E'ngS&H@erﬁ%@%%th%ﬁgeQObQﬁrdﬁ§1tEQly recorded,
unanbi guousl y neasure phase changes

they can also be broadcast with radio frequency (RF)
waves (e.g., microwave) or over a digital network of
fibers or cables using suitable digital encoding
technology, and replayed at a remote site. This
effectively allows holographic television and motion
pictures or "HoloVision."

Systems 10 and 40 may also be embodied in a number
of alternative approaches. For instance, systems 10 and
40 may use phase shifting rather than heterodyne
acguisition of the hologram phase and amplitude for each
pixel. 1In another embodiment, systems 10 and 40 may use
numerous different methods of writing the intensity
pattern to an optically sensitive crystal. These include
using a sharply focused scanning laser beam (rather than
using a spatial light wmodulator), writing with an SLM but
without the biasing laser beam, and many possible

geometric variations of the writing scheme. 1In an

AUS01:325167.1



10

15

20

25

30

15 greater than 2n in the z-plane over two pixels in
the x-y plane, holograns shoul d be recorded at nore

wo ban/ozises wavel ength. Systens 10 and 40 conbi PET/UB®03/028877

use of high resolution digitia recorders, such as

.video caneras, very small 20 angle m xing of the

hol ogr aphi c obj ect and refer ence waves (e.g., mXxing
at an at.res i xel s per
AR Al et gt SE A i e e
tdptﬁ%dlﬂ%ﬁ'éé&@ltixf@g:bﬂgstﬁlé r@ngolbiﬁmg abptidgl effects

recor d| ng (canera) plane, and Fourier transform 25

thagt RiRSS pHiange £ 9 HIF R et I Het er elfipre grating
(t% C_ic% %ﬁp@h$q{&&5§’fgrﬂo rﬁﬁ{(ea 'fu t b%) %&rﬁ&‘f@r stems

hol ogra | mages (e.g., 1 nages w e p'ha
drid sanpl4®t utkey useeox deglcyf orireverixglie®|JLM to create the

Addi t |l t t b d
O b UG e 0 R TS VTS

f&@ilﬂt@ﬁéi&}o@meﬁr@ 1 eMENpt il d 1aS) rlaﬂ:t@fvé‘rk‘/rystal for
frequenci es hi gner than can be resolved by the

SOlarYgLT@s}:tI@n NeeFpERture is ne;:essar y/ if all
A
U ST 20040025508 BETS200/ 02881 pdBicea o

spat i a requencies 1n ect are res
tdwpajxrmgldngﬂsaystmg@mtraamdjeﬁ:om tthes g,mmssl dﬂb;eadm or

Siher ngikay (hs,, ol oo anhis Lmges. as 0 Bzse o
rc%@dp%)ffet *&%n&ﬁ@i SlRadd G JIEFRASH o dist Ng By
phase change crystal” and white |light or laser |ight
ta@*ldrléploay tsh/@t(ﬂmsgllrfhlaﬂdmﬂgb mayThee ordefl riad domgfere san
LY AU 10 DGO e R e
w&edhbodmﬂﬁdnenﬁ.1dhaﬂfﬂnwaay;have 81m11ar features.
For example, target 20 may be a semiconductor wafer that
includes multiple instances of a single die. 1In this
example, systems 10 and 40 may be used to obtain complex
images of a specific area on each of the die. Although
the acquired images may have similar features,
isoplanatic aberration values (e.g., the first order
aberration term focus) associated with each image may be
different. This difference may cause virtual, non-
existing differences between the images. The aberration
value of one of the images, therefore, should be adjusted
to ensure that acquired complex images may be accurately
compared.

The present invention provides a solution to
correcting the aberration values without increasing the
time needed to acquire the complex images. Systems 10

and 40 may be used to acquire two complex images from two

different locations on target 20. First, the aberration

AUS01:325167.1
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image with three different colors of |aser and
conbining the replayed inages, it is possible to nmake

w@2damessenl or  hol ogram By continuously w i tiPQI/ERZN03/028877

replaying a series of imagepy it is possible to form
hol ographi ¢ notion 15 pictures. Since these inmages are
digitally recorded, they can al so be broadcast wth

radi o frequency (RF) waves g mave .0r_over
Lo vay Het GBERZBENCR: BERE BhIEabiEs ~DerrG Ldort abl ¢

gﬂ?fé?%ﬁggCg%k@g?heﬁﬁgokggy1m§§gsrﬁﬁ%aﬁeQaiheab%QW@bﬁ the

ectively allows hol ographic
tletevinshed amditsti ofnepbrt wpes sbetHetdvnsivedures within

s 10 an b nbodi ed
E%Fe ﬁE?FWénSgpPgﬁfﬁégaloégira%ﬁgt ‘é‘%é"e% s|y2 %Ct%?g%d %h
40 IRy USh @ttaéeléhl fntaynger abhenlthan Hetrerwedyne25he

acqui sition of %ean1phase and anplituyde for
ea@hctpdx@alum an§1el¢é> nbB&i fRKEL SPEPRE 1FeQFd 40

§u¥§g B&n%&%E%ng'E%e%ﬁﬁ?ogeheogégokéWWHéfﬂiﬂd@iy

ensi ernto an optically Sensitive crystal.

EbaseleacbydmulMSpﬂglagsbacplpffch@se@egaaﬁnﬁmgWaiﬂgs by
beam (r at her

an 30 usin ati_al ht nDduI M)y
ﬁFFt?hﬁSRnFﬁmQﬁe§LWWﬁ@F %IPH%%F Fﬁeoét §|ng Ias?.f(:gﬂe)d
beaqy éaﬁpQQQY1H%§% g cgeanelr kbevaklatilensdfaddieation
witing schenme. In an AUSO1: 325167.1 WO 2004/ 025568

PET1188200Fh32887 Pache ofddihei @@épfé@@oéuw CER - mages
é%ﬁla %i %gmggl e%s%lt?]? h{éal ?]@n%' 1¥r§:1t9% S The

Ical er t n p ase change to
chppbeitha dhbir gdidlar ghat Ismgllestr eplmypridee between the

hol ogram |In a further enbodi ne st ens
oy a4 a0 IgEy FIHBLGPXSTEaeSEt 57 SRCE e o thage

1%?3”%&5%.E@%kﬁkﬁxalHﬁﬁﬁﬁyl%gﬁbﬁkb%gt@ﬁyh&%ﬂﬂ to wite
approximation for correcting the aberration difference
between the two complex images. In one embodiment, the
procedure may be refined by using a finer selection of
aberration values around the aberration value determined
initially. In another embodiment, the procedure may be
refined by using two best approximations for the best
aberration value and interpolating a better aberration
value between the two best approximations.

In addition to aberration value differences between
acquired images, other instrumentation changes may occur
in systems 10 and 40 that cause artifacts to occur in the
complex images. The artifacts may be small and may occur
in the low frequency components of the complex images.

In contrast, differences between two similar objects are
typically small in size and thus, consist mainly of high
frequency spatial components. In standard image

processing, any artifacts resulting from changes in an
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the intensity pattern to an optically active crystal
for replaying the hologram As described above,

weyaeesse80 and 40 may be used to 10 conpar e PONPEER3/028877

i mages obtained fromthe sa object or target after

a physical change occurs to the target or to conpare
conplex images fromdifferent targets. In addition,
systens 10 and 40 may be used to acquire an image
fimerygadidffceresgd id ot s toers noy thay gedmAted The Fowmgesr 1dpace.

at_t, ifferent | ocations.may have simlar features.
BB & ST GRS 207 T A S e CORIIEE o O v €40
tHAlevddClddasHotbd | ot distiaN R SHdME epodbRusd Neach
this exanple, systens 10 and 40 may_ be used to obtain

aomslexn iFmgelse0fSRAGH R fqanvarla ash wbdh e t heomplex)
@ t r&% QOqE tLJhe a\pﬂ{ggﬁ I{mages may have siml ar

féa ures, isoplanatic aberration values (e.g., the
first aridey tlhaberg@inmmi drey mifadc ud)e aasociatted addlr in

each_.image may be different. This difference ma
g d %ﬁ%ﬂ‘ﬂ?/e%ﬁ%’ﬁ]i PRI Eh GRS he

| TBgeSenthes ahaifadd o gD Ml e O @l The HHRASRyN
therefore, should be adjusted to ensure that acquired

dorgeivendyvepes: iedy denpryemntat.elqhangstaredyStems 10 and
present .i nventiqn pr.ovides ' to € cting
B R AL S BRI SRR e T ST e
neededt aracquwyw e tdiaoipleinddrrgess Sy sitesrscdifb b

40 may be used to acquire two cqnplex imges fromtwo
diPsTEe it AR WERY of Yartdet PRI OgKaRg), - t he compensate

gher rafd 1: 3206 Hals MNP 12004/ Q23568 lied to th
T8 s St P r;pnges may be determ ned such

teatict lod ey remimlex difdaErsenc &hsetiwesnl tt ey wohémegesised

2%§aan%@€§%f¥ga fggtgg%tor on one of the images, which

compensates for the changes of the system.

Mathematical description of the invention:

A digital direct to holography system, such as
systems 10 and 40, may record several complex images or
holograms in the plane of the digital recorder. The
recorder plane may be characterized by x-and y-
coordinates. From the recorded holograms, the complex
image waves of the recorder plane may be computed or
reconstructed by applying a Fourier transform to the
complex image waveg. The Fourier transform of the waves,
as reconstructed from the holograms, may contain
isoplanatic aberrations, such as the first order

aberration term focus. For example, the Fourier

transform (FFT) of the image wave w(my) may be written as

AUS01:325167.1



10

15

20

determned [imts. One or nore aberration val ues
within the determ ned aberration range may be

wa@eloeoeisas and an 5 aberration function nmay be PCT/US2003/028877

calcul ated for each of the selected values. Second,
the first conplex i mge acqlfred by systenms 10 and/ or
40 may be iteratively nodified by nultiplying each of
the aberration values by the first conplex inage in

order to pbtaima nodified 40 fiirst c | ex image for

each N\l e '@9 D g,g%c val lles. Third, each

of thngnzf)@ﬁAxlc’gé}fi rsﬁjyc n"g/ xﬂi fas® y be conpared
I co

with the second conpl ex i mage. “The arison that
yields the smal |l est variance between the nodified

first conplex inmage and the second conplex imge 15 in
ahbirgh it =edugngy aamegehéndbcedesathe besthe Fourier plane
approxi mation for correcting the aberration difference
betwee(y, yhes t whe coopbiaxi trges. wave one enBbifeeant the

procedure may be refined b% usj n [
the

a finer. selectiaqn of
abeirratiion Valves arbuml %%@gFiFFSH vargEton for each

et . 50 i riti “ _
B0 EBue Laay b gy 21 AR R e 1
FRRHRIARE1IGNT dtfedchr ket foabendatingh ivalarseariburier

interpolating a better aberratiqgn val bet ween t he
ERETBESE TEppr O FEIGIE0 (7 CRABLAOR TP L SR SHA ™
valsye differ ences LEIWREN 223 a0 Gdinad d1Mageye L fé&:g least

instrumentati on changes nmay occur in systens 10 an
4ot hatageau sthoarltd frcteemparedcur in the conpl ex

i . Th fact b N in..
tho | 3 FEqCaRE SIonSREE B heTaue af Tt asfire
% { g1 fifn%fﬁgc%j(ke, Z)Wa%a Wﬁ(ﬁ,iﬁi | ayheRiect si Al

typi cally sna i'n’ si”Ze and 't’hus, "consi st mainly of

hingh gehr equeneisinat i BlareFmenanlys bd mplandarth ivegde and
procéssing, any artifacts resulting fromchanges in an
MNySOLtez2®Igh that their actual aberration values can be

separated:

FFT{WJ. (x, y)} - FFT{y/} (x, y]} exp{i}( ; (qx 4, ﬂ (2)
oy (s)) el (x,y)}exp{ixm(qx,qyﬂ o)

From these equations, the aberration difference between

the two images may be described as:

FFT{:// " (x, y)} / FFT{W j (x, y)} - (4)
exp{ix i (qx .q, ﬂ / exp[iz ; (qx 24, ﬂ =

ATISN1:325167.1
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WD 2004/ 025568 PCT/ US2003/ 028877 18 i mage processing
system may be renoved in Fourier space. Artifacts

wo e@uloeiseg) from changes in system 10 or 40, hPUEBYUS2003/028877

cannot be renoved in Fourier 23Jt)ace because each pi xel
in Fourier space is convoluted with the (conplex) 5
spectrum of the variation. Using the assunptions that
the artifacts occur in the |ow frequency spati al
componen and any true differences between simlar
obj ects cur (in the hifgh rffeguency spati al

conpon&Rh %ﬂfﬂégﬂgeg_i%@y%'g =10 and 10 40 may be
appr oxi nptted by conputing t di fference between the
| ow frequency conponents of the conplex inages (as
conmput ed| from yhe ho| ograns). To conpensate for the
changesp a\,ﬂjg%@gqi ilter may be applied to the
ratio of [ thé cenpl ex|inages. The result may then be
used 15 as a nmultiplicative factor on one of the

i mages, which conpensates for the changes of the

system  Mat\hemati cal description gf tihe invention: _A
el ARV t+odxh)§'ogﬁ§pﬁ§1a§3?stvéﬁf"@uéﬁ%s ngg include
syst.ens 10 and 40, my record ,ssevxeral conplex imges

S MitG1o FEATEITST 11 T1RsIRe Yo (4 - ditier #Paraesrias:

The recorder plhane may be characterized by x -and y -
CHBCEHRRY BT o anTEKenPEch? detr A6k oYr afgesepbleenpliewever,
i_mage waves of the recgrder pl gne may be conputed or

557 EAENIELGrEEy dRFyng aFolhi &het eESRoEUEs fon s
the conpl E.‘LX i mge waves. The Fourier transform of the

favEgsorgbles d°Fr omIitRE HQrSyr arfs Ehmyplifference
. . | ! . r |

AUy RS A R W SR e A R et SR IEE

BAothanshar mitEETedbi1he 1 haRge iRy &Y o fhled ™% BR come :

witten as

1//;. =[FFT FFT(VQ)*CXP[iAZjH(qx’qy):l (5)

which is ¥; at approximately the same aberration value as

Y- The step to remove the aberration difference
between two similar images, therefore, has been

established by modifying image w; to match the aberration
value of image vy, .

However, the above equation requires that the

aberration value between the two complex images be known.

In one embodiment, the aberration difference AV 0
between images ;yj(x,y) and Wj+1(x,y) may be calculated. If

the images y/j(x,y) and y/j+1(x,y) are similar, then any

AUS01:325167.1
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AUSQA : 325167.1 WD 2004/ 025568 PCT/ US2003/ 028877 19
FFT yi(x, y) = FFT yi'(x, y) exp izl gx, qvy (1)

wob@n®23588 =- 1, gx, gy are the coordi nates in thePEDUS1008/028877

pl ane and yi'(x,y)is the conplex inmge wave at a
different 5 aberration value.2%s the aberration
function for each of the selected aberration val ues,
and FFT and | FFT respectively represent the forward

Kk d Vel S@1 FpeFbeee haansd oMl 14 & of Hefhé orWiet Bhddee are
smal | aberration differences between simlar or

i PRl Fohgeshabehingsabanr 3wer neyEdes houTl He
comar qmgugﬁg t 40 may
éﬁqU|ré¥E?ﬂqmggﬁ%$ nagesty$ (§P%&€ya§%496%19
ytrumheres | bésaase thnd emchM§oa.be:eratI@msv@lmsmyay
qgglied to bo@h and .written such th t heir_actua

tF o VAP TRS RE HEC AP HrRdY 2 vi 1 RO

'cé§QEY'h&%eVé}eX{hél%iueqabérﬁéﬁlaﬁFJéy&e+é1§§jﬁﬁov1des
TV, + (X, y) expix;+ (g, gy) (3) 20 From
ttﬂy%ebeé%amam Petiecembditat RO f 4o chepa bes idelauely

s may be described as: FFT M ; +, (Xx,Y)

I*ﬁ%ﬁ%#?i , Yl = (4) exp ix,+1(gx,gy) / exp

1 zi (gx3gydhe ddsdrilfdd éﬁﬁﬂ&ﬂhénﬁMD 2604 | HRES68: 1on

PCT/ US2003/ 028877 20 exp i X, + | gyx; 6 N0 ,Jd =
i fapence | begreen gimggrer &, 6 1) %@d VY e g maY( e yfpund
. If image y' (x, y) does not |nclude 5 simlar
freidthiesa t @l Yemgeande + mx,-:siam] t helabere a@rrmfilmwrerc i Be

-(q.,qy). may not be directl c ssi bl e. ver for

F3 § B0 R gRRET YA F IO yma lr%‘ﬁe"%‘ﬁ;%’{/ %{ﬂaﬂﬂo%n

iSuch as focus. In this embodlment, the aberration
function, without derivation and being valid for high and

low angle scattering, may be given by

Z(qx,qy)=(2H//1)Az sqrt[(l—qz,ﬂﬁj_l] (6)

or using the standard equation for focus

;((qx,qy)=(27z//%)Az q* 2 (7)

where A is the wavelength, Az is the selected focus
value from the focus range and q=sqﬁQfx+q%J. In order
to determine the actual aberration difference between the
complex images, at least two aberration values may be
selected from a predetermined range. The aberration
function associated with each of the aberration values
may then be calculated. Each of these calculated
aberration values may then be substituted into the

following equation

AUS01:325167.1
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a reasonabl e approxi mati on. Therefore, if the
difference yl;+l(gx, qy )- X, (gx, qy) between the

WO pgesssys | +, (X, y) and yrj (x, y) is 10 knownrCT/Ukm®03/028877

first conplex inmage may be mpdified to becone: yr' =
| FFT FFT(yrJ J * exPi Oxi+, (gx,gy) (5) which is yid at
approxi mately the sane aberration value as 15 yip+,.
The step to renove the aberration difference between
two simlar imges, therefore, has been established
by nodifying igmage ysj to natch the aberration value
of image yij+,| . ver|, e equation requires
t hat gHe =20 éﬁﬂ%éméax ak @, hg; en the two conpl ex(8)
i mages be known. odi the aberration

di fference Ayiy +1, i betmeen |nag s V,.(x, y) and

vi,+1 (x, y) may be cal cul at ed. the i mages yid (x,
y) and tpj+, (x, y) are sinmlar, then any

ARSOIMBI2EA 68 11 Wiy <2 Ozt 055D &}P@M@Sﬂ@@ﬁt@a&&? 7 uﬁdt ion.

tected di fference smal lest if the t |na
ST S S B R TR o G 1B o Vo fpute
aasféwmfi@@ IRYgdendpydrdr foke hadd ¥igerd @s may be
structures because the matching aberration val ues may
omurd avisevidreal ingge odj,clxabler riatt examgliges byt n nost
cases, however, the true aberration value al so
qumaMittiasy the aestarmss ch'; bet weebhthexpragesoand
remai ns uniquely identifiable. In the described
enbodi nents, the aberration 10 di fference between
imges yid (x, yJ and yrl+l ¢x, y) nmay be found
within a @i;wen rfan , x] In one enbodi nent,
t he /S‘é’r'*ﬂf’&jl a‘faré‘b%ﬁﬁ”atﬂ(yml y be a first order (2)
aberration,  su as focus. "En this enbodi nent, the
aberration function, w thout derivation and bei ng
valid for high and

once y'o with the smallest A'j;u is determined, or by

intexrpolating between the two smallest values, the
aberration difference is now known and can be
successively eliminated. The two waves to be compared

finally are:

w''; = IFFT FFT(W )*eXp{v{ (qx,qyﬂ ; (10)
l//j+l(x’y) (11)

Since the aberration value for the two complex images is
approximately the same, the images may be accurately
compared in a high frequency range to determine if any
actual differences exist. By adjusting the aberration
value associated with the first complex image, the second

complex image does not have to be reacquired, which

AUS01:325167.1
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15 low angl e scattering, may be given by
x(gx,gY)=(21112) Az sgrt (1-g222)-1 (6) or using the

W@ t@atzsses equat i on for focus 20 x(gx, gY) =(29120EwUgdRR028877
(7) where Ais the wavel engzh, Az is the selected
focus value fromthe focus range and q = sgrt(g2x
+92Y) . In order 25 to determ ne the actual aberration

di fference between the conplex |nages, at Ieastltvvo
W@q%ﬁ%laﬁ@%w%él@%lr@&wf @bfain multiple

J:?aer{:g o.The aberration function
%m :J{J'IBJP tr each of the aberration values may
t hen e d:eaémnlkaﬁcbcabcﬁm:h axft it freases mm@ﬂad Blstem

aberr t| o val ues ma en b ubstlt to the
5149 5 WYA %Odg‘f

b%@Wéé??O&?é 0284k . 22I‘Bés‘.e ﬁ%m%ﬂc\iﬁmmnaﬂd@ fEhyat
|

(8) to compute an inage no ied by the aberration
rfalhcdore PEweath tashsinned ebertage il lon #aNe e

5501, PR ISR 0 oo e
i/ Fefencds Haﬂw@mrtmre;etbyzo carrrbtnhmgretmeltxmg anckograms

%Zr;m?fq%%eﬁd‘”e“ dibehe gt iR 1
%ﬂe]{v\o s Ieéecgli &&ﬁeiy%(‘akéefr at %*’gl f)per ence is

AW KO- Bl Ak bcqlel@ SHEGESSE MR Yool ddi 4 T h@e

tvvo waves to be conpared finally are: ys'lj =1
RFErigd Hakp izlo(gx, gyd ; (10) ytj+ (x,Y) (11)

v, (x)=a; explio;) (12)

¥ ja (x’y)=aj+l exp(i¢j+1) (13)

The difference between image VQ(%JO and image VQH(%)O may

be characterized by the expression
Vil y)= @ explie) ) a, explip, ) (14)

where axexp@¢x):represents the artificial change between
the two images caused by the changes in systems 10 and/or
40 and aq; exp(igo,.) ~ exp(w})indicating the similarity
between the two complex images.

Since the artificial changes are limited to only

lower frequencies, a low pasg filter may be applied to a

ratio of the first and second complex images as follows:

AUS01:325167.1
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20 Since the aberration value for the two conpl ex
images is approxinmately the sane, the images may be

waeauzises y conpared in a high frequency rangeCT/US2003/028877

determine if any actual diffgerences exist. By
adjusting the aberration 25 value associated with the
first conplex imge, the second conplex inmage does
not have to be reacquired, which AUS01l:325167.1 WO
2004/ 025568 PCT/ Us2003/ 028877 23 decreasgs the anount

of tinme,needed to} obtlain ltiphe ipag romtarg?t
20. Ayx@’e = Bl el T erGxaé’géW@aggé’a system (15)
speci fi ¢ changes y di stort the actual “differences 5
bet ween t he i nmages. ese system specificschanges that
may occur between two conplex inmages typically have a

spectrumlimted to | ower frequencies, and the actual
L{fer pnees) bed warn drhast i and tdie dres Wi I8 cial

‘%%o‘grgﬁgsg)re typi call:lﬁj;/ Iolcat ed in the higher

&K

LEYENsEeFeet Ntwd OLiganes adaudad® cpnphexchamges iy,
(x, y) and Vj+, (X, Yy) as reconstructed{romtheir
PRRpERE| Vo ML A, Ayl DR deRSEPRRA-Ey: L9H; Pass
=aj expliopi i > 1d 11ted why e¥8( 4T Z
éfﬁ\?gflS)% %%%%é%ﬁ%%ébe%%gé%%%e ﬁ (x,{/) and
Buegervortiixfidtemy Dbe ctiaenacewpddigenyst hkow pass

[ 20 j +, . = ai i (P i
A5 P P dmx it il el P pefr T Gt tha
ChANGR; BT VEEN ol herdy@eh dRJESMEaHSRESs bys tbei abatigesth
in systens 10 and/or 40 and a] expfl rpj) - a'

elxp(acpu)radi teadery. t hEnseniingi vy 2B kﬁ-}td{ve(éﬂlé%) tip the
conpl ex inages. '
above equation provides the following result:

y/x(x,y)= IFFTS{ FFT {aj exp(i(oj)] /[aﬂ1 exp(igojﬂ)] * LPF » (16)

Vs (x, y) = IFFT li(aj /aj+1)eXP]:i(¢jl - ¢j+11)(¢jh - §”j+1h):H * LPF

where LPF =1 for low frequency components, LPF=0 for
high freguency components, ¢>jl and gpml respectively

represent the low frequency components of image gyj(x,y)

" respectively represent

and image t//jﬂ(x,y) and ¢, and ¢,
the high frequency components of image y/j(x,y) and image
I,Vjﬂ(x,y) . The low pass filter, therefore, eliminates the

high frequency components associated with the ratio of

AUS01:325167.1
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Since the artificial changes are limted to only
| oner frequencies, a low pass filter may be applied to

w@20maeises of the first and second conpl ex i magPGT/ES2003/028877

follows: AUSO | :325167.1 WD 2004/ 025568

PCT/ US2003/ 028877 24 V X (x2% ) = I FFT LPF FFT +/rj
(x, y) | yrj+1(x, y) (15) where V,(x, y) is the
approximation for the artificial change between two

IUTRY iSnaRAiss eahddy taRy GhaRGE F rdtueriys r@its o) BN Ald .
and LPF describes the |low pass filter. In one

difodisfent, Afowlisadew Passr fdyFase 18 aButiicdrra h

filter. In other enbodinents, |ow pass filter may be

any suitabl e type of low pass filter that transmts

the | ow ncyc nts assgdiated with 10 the

acqui redx es/ain explexg y-tgogggcjjy) and cvj +1(x, y)(17)

in the above equatl on ovi des t/he follow ng result:

(x, y) = IFFT FFT aj exp(i~qi) | aj+1 exp(49j+, * LPF

(16) fo (x y) = IFFT (ai / aj+i )expi( il - 1P+ 1

&, - +| h LPF re LPE=1 for | ow frequency
&né‘ﬁt §= ) BERBRFEPES %ﬁ W&&ééﬁ&?lcﬁﬁﬁ@ﬁ&ﬁ Pragsnt in

, tipely Lheprese t he w_frequ

%g/gt%ﬁiesnt@ %ﬁayrgr% e%Vr 215) regHgttl ngé’e etfril+IiD rl%yéﬁ&led

RS Hm&@@ 0, 6. h)res p@EEb!ﬁ' }éhéeEBﬁSWRn%OmEB?fE‘leah image:

frequency dorrponents of image yid : I mage

ilrj+,(x,y) . The low pass filter, therefore,

el i m nat gh frequency conponents associ at ed

with t‘/f}exT?ﬁa*;)Fdl/pl.l )A!L’BS@ 167.1 WO 2004/ 025568 (18)

PCT/ US2003/ 028877 25 the |rrages such that a | ow

frequenc;( rjti on is t aj ned. resul{ off the Iow1
pass M tiery)Fsdas® (Q}VMB o+ ¢,+1 Ta /aj+1jexp iC(Dj —@in )

V/J+1(x J’)‘a exp!i (¢j+1 +¢j1):l

The modified image includes the high frequency components

of image l//j+1(x,y) and the low frequency components of
image y/j(x,y) such that when the modified image is
compared with image l//j(x,y) only the high frequency

components of each image remain as follows:

Wj(x’y)=l//}+l(x:y) (19)

l'(¢7jh + §0j1):l

N 1 h

Ay, . = exp{i(goj" - q)j+1")

-

AUS01:325167.1
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WX(x,Y)= (ai lal.+1 )expi((,G1 'P+l11)(17) 5 where
tyx(x,y) represents the artificial changes present in

wayaueess68l0 and/ or 40. This result may then bePCT/US2003/028877

multiplied by imge t/rj+1(x, y) to obtain the
foll owi ng nodified i mage : 166vl;+1(x,Y):vI;
+1(x, ) *Yix(x,Y) (18) j(x,Y)= aj+1 exp i ((P +1u3 +
Y j+il) * (a laj+1l) expi((pjl - (0j+il vf;+1(x, y)

ﬁh@&e64HV%\(Ekjlre?feégn%sjan?hacﬂﬁglfaeﬂféﬁégees between
i ncl udes ‘+‘he 'hi gh Trequency conponents 15 of inage

?h}%%éyy%gﬁgﬁ Lthe b@ﬁ&ﬂ&?gueﬁﬁusPoﬂ@@nﬁﬁtﬁfﬂéihmagﬁaﬁges

t hat en"the nodified imge is

coupakedy Ebskerge 10/ Bnjd/0X, 4Y) iankiet hewhifglequency
frequency conponents of each ina%e renai& as follows:

zomyoneRtY) e VERCK (RaYe [1eY) bea eldMANREEH) FUCH P = the
aj..exp L6 ERL nt VI L | Z BXP A | B '
e T el Ny SV R Ay
dekemAteY, byl Comphriegr edenths gany requealcydidompoaeeds of
bet ween images yrj(x,y) and yip+, (x,y). Thus, the
£PCHf P8PHF -changes created by systens 10 and/or 40 in

the | ewchiReqyenay e oERRRERLS tableachmplege imaydie
elimnated such that the 5 actual differences between

@ﬁgUﬁm@ﬁc@Npsyﬁtﬁmﬁgé§ payl/lox 4@et eBRERAd USP \dohpamagy 32
t.he high frequ 0 t f..each.i I

iR o CAPRE T B £ OB o Il Qe Ty o o
Fstengotsandiae 404 Spece i3@alilsy a icongd e32 inkyd £pm
conplex i.mage fromone |ocation on ta

prodherod@§aFdPhe OFn & dPade 234 3t %a S@%&%Itde%%cﬁ'{fg 37‘3\‘]1’%%

Image 36 is the complex image represented in image 32
after computing and applying the focus difference between
the two complex images. The aperture value used to
obtain the images was approximately 0.5 nA and the focus
correction is valid for high scattering angles

FIGURE 4 and 5 illustrate differences between two
complex image acquired by systems 10 and/or 40.
Specifically, FIGURE 4 illustrates a difference between
two complex images without compensating for artifacts
caused by system changes. As shown, the image includes
multiple artifacts that distort the image. FIGURE 5
illustrates the difference image as shown in FIGURE 4
after application of the low pass filter (described in
detail above) to the ratio of the two acquired images.
As shown, the artifacts introduced by small changes in
systems 10 and/or 40 may be greatly reduced. In the
illustrated embodiment, the bright white spots are
defects and the defects that were not detectable in the
image shown in FIGURE 4, may now be accurately

represented since all of the low frequency components

A1JS01:325167.1
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anot her location on target 20 at a second focus val ue.
Image 36 is the conplex image represented in i mage 32

wa@paoe23568put i ng and appl yi ng the focus differpeEs2003/028877

bet ween 15 the two conpl ex i gpges. The aperture val ue
used to obtain the inmages approximately 0.5 nA
and the focus correction is valid for high scattering
angles FIGURE 4 and 5 illustrate differences between
bW@ocﬁaﬂEHehaWﬂa@eeace&ﬁm&dabydsbytehs d0pdrdiadgrioctp of the
20 Specn‘lcal FIGURE 4 illustrates a difference
Berwears twbdt @%r’rpl ex i mages without conpensating for
artifagboregavacdnby c3ystiemschanges. fASwS kot UR® a
i mge includes nultiple artifacts that distort the
metgieod EPGUREtECtilnpusifieasenche BefieesnCOMHETe 1&?968-
hown Fl GURE 5. af I I
%eptegﬁh?géscrlg %ci%n t%d%ej? l%ggbgl\%}g;)bggp?% L“'{]}%tﬁegrwo
thed we aeguitedcompies. imAgeshohat teprastirfracts object

i ntroduced by smal | Qhan%%slthg systerr%atligr@%neds/ %ravdfeo any

P&y tBEIGFe 8Py JrpEGEREFS SCHY g
%Q%%ﬂnﬁgkfekgﬁcg%'ghbqu geaﬁpghﬁ r @ 3 idefradrs pidtess,
t e defects that were not etectab in the |mage

shengeisn 1El GUREh ] ogapphywslys taoc meat eloFuyr dfeds erfifart

Er 8167 M0 200 R0 25600 JPLT] 083003/ SpHeFHangy ) Af the

233 eirabed E@r‘é@e&eeibt%lllrm rRatad aky itBeyeapdrccativen of
the low pass filter. FI GURES 6a and %3 illustrate a
fdllé\fdeé”ﬁélﬁit 1@?6151% 260 Fo RIS Eet PRGIIACBIGRb I Tage may

elegr ¢ ﬁ?g %%Qﬁ%atf%nc%%95%||YTh% difference in

irect- to ol ography system may be used to
atairae 1©@np1aé.x1elsrmg@/s celvate rtélpér ésdpgraphobjstenprto

tdaert ertm 1%réd t%.e rte rtrﬂen & qfu :Ltrhe %%Ierse %rl STREAFY en_fae\élec ahen

the acquired images actually include the same features.
In order to accurately acquire the image without
affecting the speed of the image acquisition process, the
first image acquired may be iteratively adjusted such
that the first acquired image has the aberration value of
the second acquired image. The modified first image may
then be used to determine if the two acquired images have
similar features. Other changes in the holography system
may be approximated by computing the difference between
the low freguency components for each image. In order to
remove the low frequency components of the images, a low
pass filter may be applied to a ratio of the images and
the result may be used to modify one of the images to
compensate for the changes of the holography system. Any
differences in the images may then be detected in the

high frequency components.
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actual differences. During an inmage acquisition
process, changes in the hol ography system may occur

wao bai/ozafsbect 10 the accuracy of the acquired | PEDES2009028877

exanple, if the hol ography tem obtains simlar
images fromtwo different |ocations on an object,
each acquired image may include a unique aberration
value. The difference in aberration values may cause
t he hdltogrtaprhy’ Gy styanan 16 aetdr male atmeitrdea first

acqui.red .i mages. are differ , en _the.acquired
e PR VR TR el el R SRS, g paraet
tap acsunRt elry &lcdt reh tdheidwinge Mdhiudtedf feshi @911den,
speed of the image acquisition process, the first

GRS TEAHY 198 ARy BRI U i B tFePwRichl oand/or

¢ fi . . _ .

o# &g%seéc%?ﬁ(frgéc%ﬂ: ngg él' rrage.lh%ﬁre‘ﬁc%gldl fi e'(rjat%%]?@?yaéé]emay
irage pimt ontdsdn doe neseic e idetlerdiinge 4 fpatieetmoformed on a
acqui.red i nages ve simlar featyres. Oher changes
Sl g ab R SO e el oy B Sny
R NIl esencasigtmeahadb ddie DoV hd Beked Cyy

conponents for_each inmage. In order to_renove the | ow
fveEaic y Oc sipsbrichtisn sirdae Uoatpesifva shpeparedfil ter

: ; ie j 0 .of ' ;
:r%)s{nu %l?f)g{/g 'be(zihttsgS t%a;rgo’dié)yseyr?})gldof tﬁe %@n%r%%é‘?omay be

comensat € o dehgathames Tife tdeedial agrmaphyx sitsdg@enmay be
Any 30 ocliqf erences in the jnmages may then be %%ectedl
TG ST (ot Y GRS CARDR B G
290412253568 1RCHW4I2A04 02887 e Zh et ¥ GmSYS K be
10 or 40 may acquire a first conplex inage from
tearcyetreZ0 £riom gnel drhoniiaeit \ta argetur etelatheons of the
RPN G devige, [ gl ated fo"b&'&fc'l.' lcon, ~germanium

or any conpound includi ng a group | and/or

At step 73, system 10 and/or 40 determined i1f an
aberration correction is needed to match the first and
second images. If the aberration value for the second
image is different than the aberration value for the
first image, an anticipated aberration range may be
determined at step 74. The anticipated range may be
based on previously determined values associated with a
specific object or estimations based on the type (e.g., a
semiconductor wafer, a photomask, etc.) of object. In
order to converge on the actual aberration difference
between the first and second images, at least two
aberration values may be selected from the range at step
76. In one embodiment, two best values may be selected
and an estimated aberration difference may be
interpolated by using the two best values. In another

embodiment, multiple values may be selected. At step 78,

each of the selected aberration values may be used to
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5 group IV elements. In another enbodi nent, target 20
may be a photonask or reticle including a pattern

wo eooaeebsesy a substrate. | n other enbodi ments, PCHU§®D3/028877

20 may be any object, conpoqﬁpt or assenbly that may
be anal yzed by systens 10 and 40 in order to verify
shapes and 10 di nmensions. At step 72, a second conpl ex
i mage may be acquired fromtarget 20. The second

EsIusR ireRie FRSEIRE e qUITRdLd om 1rheols%n@nl@®qi@n¢nto the
Caef:!e &actlor? ﬂﬂ'}/gﬂ C&Jl n%%;argégqlée!h t@o %P#&ﬁa@é é J_QJ.rst

second conplex 1nma acquired from a
alyjdeot dhbﬁﬁﬁﬁﬂwnévhﬂuéﬂéuﬂh5aﬁ fdwud5 second object

fromthe first obhgg%. éi @iéa 73, system 10_and/ or 40
det er |]ﬁtne‘3d:§_Fr & rs TR R R 3R may
B chydded Ift%rmepﬁ%%&ﬂw% fidsd %@&f& airhé?gﬁb

value for the second ‘image i's different than t
dizeronat isgrPadiingnt ora tFeu2E ivwsing fnige, map be applled to

rH ! ﬁcast edcoerlngaej{ r}gt I E%n%r ange qﬁ%yrebsv.%%er \! rb% multlplled

i°ci pa Fange

ﬂfye\ﬂlffailﬁbéxti%tﬂdﬁ nech val dtes mwu@c&fbwtmaﬁ be repeated
eC|f|c obj ect or estinmatjons based on the ty

1982 Herh it o2 bRt @rberafadmrbn%srp@tle%s Sygh that
‘%tl)ieecftlrétn cﬁ:ﬁnﬂé&l?rlrﬁé@&%\ﬂ/&f&erﬂa fheec?%ﬁ{'?élple times.

aberration fference ™ between the first and secon
mWag@yenﬁeIRﬂnmlqnmtr&nﬁﬁqnm|maY\hﬂLpﬁrﬁmwm®® on the

sel .ed, fr.om.the range ste 76.

I R T o adt il 15 et i tamphgpration
efsiridmfcﬁé aikserarpqﬂlcgﬁ dif ferRnce grebrbe 30 1 ahdd & el
E%4u5|ng the two best val ues. In another enbodlnent

ISt ICOWPASTe st RS e deltecttdie thmes idqineran -

RS EE55E A% SRt SRt St Fhse rron gt che

aberration functions may then be compared with the second
complex image to determine an aberration correction at
step 82. In one embodiment, the images may be compared
by computing the variance of the modulus of the ratio of
the modified first complex image and the second complex
image.

At step 84, the difference between the high
frequency components of the modified first complex image
and the second complex image may be analyzed. If the
difference is the smallest variance between the images,
the aberration value used to calculate the particular
aberration function is selected as the best approximation
of the aberration correction at step 86. Otherwise, the
first complex image is modified first complex associated
with another aberration value at step 83 and the new
modified complex image is compared with the second

complex image at step 82. Once the smallest variance
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cal cul ate an aberration function. In one enbodi nent,
the aberration function may be used to calculate a

wao 2003025568 der aberrati on val ue such as focus. PCT/E8HP3/028877

80, the calcul ated aberratio unction may 5 be used
toiteratively nodify the first conplex image. 1In one
enbodi nent, a Fourier transformmy be applied to the
first conplex inmage and this result may be nultiplied

Be twreralidre dtvonitagrs iioh detdmninet assipmyte iterative

r epeat 0 C . cul at ed. rat.i

REREEE R AR RS SRS L Y e
revcilflicat mrdtigtee tigemppl Al ivwearlse Fotgt ecortypbes f Ofame
may be perfornmed on the nodified first conplex, i mage
aft QT AATH BRI TANEF D T Fhnch T TnsCIEPuEHI 1BRET At

d convert the nodified first conplex imge
back to the tinme domain. The 15 nodified first conpl ex
i mage A¥socichitedimind asacproforthiea tabmremtdoion correction

functio may_.t hen conpay.ed wth the second .
i e 15 ot i TR o S s ey ane
siep sBtordd cwep Iesb aidiantmayt e | dEIgas] ayd bet corgarssl.
(b}ry conmputing. the variance of the nodul us of the ratio
1 2o rRsHine e i rRegirsteon irjdieh e He e doiRl

Gl nd %nﬁtcﬁgﬁ%@ﬁ’m tg]?e{%hgﬁafr%%%‘pgﬁnfﬁig’te@&bﬂ Nehat

high frequency conponents o

conpldgustmege:  end:Hehef ismtonmbnpdrapt edmdgmgies mgedmsl.  In
nal yzed. Jf the difference is the s | est

R Ry (S IREe e (e S THR T YR maY be

USRE- A nea LW} Egcﬁiatlhftcp&'ﬂé it Ahesrat i pmdancti two

Is selected as the best approximation of the
AE G I TR ITEtiRTSR e FBE-2 1@ rtvi isrct g eaused by

ST o 30T arorhey Boarrat | o ol te Sy
&xd stthemenlie Mol ffi eyt exonipragstis m‘q&a‘raembdmivfjrth the
EQSQ%EF%Eﬁle any actual differences may exist in the high
frequency components. In order to effectively remove the
low frequency components from the comparison of the
modified first complex image and the second complex
image, a low pass filter may be applied to the ratio at
step 90. In one embodiment, a Fourier transform may be
applied to the ratio such that the ratio of the images is
converted to the frequency domain and the low pass filter
may be applied in the frequency domain. An inverse
Fourier transform may then be applied to convert the low
frequency ratio back to the time domain.

At step 92, the low frequency ratio may be
multiplied by the second complex image to obtain a
modified second complex image. By applying the low

frequency ratio to the second complex image, the low

frequency components of the second complex image are
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conplex image at step 82. Once the snallest variance
AUSO01: 325167. 1 WD 2004/ 025568 PCT/ US2003/ 028877 30

wheioeeises he two i mages i s determ ned using theCT/US2003/028877

iterative process, the aberrgtion value associ ated
with the snmallest variance is applied to the first
conplex image in order to obtain the nodified first
compl ex image at 5 step 86. After obtaining an

épwlmﬁdat@tabe‘m%twh st reonpenent $ hef righe of bfst

w&@ggl Iffn}gegéﬁan%@f &Pl {@cgﬁpaféxgtlrwgg%%ﬁ%g%en be

e:drrtpxzhnmhtto titee aﬂmi:rﬂteicbrfl\zt&lmemd@IMeermetgm di) dtesto4.

j L1fi"[econd conpl ex i mages be simlar such that no
b OMRR RO (0L 3o G1HS i G el TUe b RRIMDqTent S

@Is%cqm@h et ddven rBzdltfHeectlfﬁsrtsta&p@é@aqd MG TERY

be approximately equal to the first corrpl ex i mage.

THegeso araﬁ:qmmwe,cbﬂm @rdamdes dabewomeaiamaradifurt s

artlsf% el?'yce]ss bm%f s t%.h){ﬂ%q%r%v f?I‘I’%ndér?/o e4nQ de-q:heersrrtllnes if

cCts exl s equency conponents

a&&omlgledfqueﬂdye cdnmges:tshidfe tany Bed Udhages are
di fferences may exist in the hi \%h freguency |
EERpEFTRL e livh i éiamep 3 (@R Vi v rEndvEThel S 1T

H&%‘f@%ﬁéé@m&%ﬁ SHe %dlffqéa)m@rgtS%nsglé;belr@a%e and

nodi fied first conplex inmage and the second conp
|tﬂ?§g@0‘5aﬂl@ﬁi p?aaszprfd looanp Ly i@ gsppldyeat ames tie arai/qr 40
one .enbodi ent . .a Fouri t.rans orm

By 30 e T B SAR (B SRR The T 14 of TF 2

tiheflem@eﬁ; 1S devatelived,! ¢ Hhelifffegeney o x@mbrded
the | ow pass filter 25 may be applied in the frequency

BSNELRP AR Oi-ny éifs Oner GO Medns frortiaatay & ey the 2
@emlb%%hgtwwftext hed eWe AARREd &l lackd Setween

omal n
images may indicate a defect at a particular location on

the wafer.

Although the present invention has been described
with respect to a specific preferred embodiment thereof,
various changes and modifications may be suggested to one
skilled in the art and it is intended that the present
invention encompass such changes and modifications fall

within the scope of the appended claims.
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At step 92, the low frequency ratio may be nultiplied
by the second conplex image to obtain a 30 nodified

wa@e@anesseonpl ex i mage. By applying the | ow frepCEO83003/028877

ratio to the second conpl ex iJyage, the low frequency
conmponents of the second conplex inmge are

AUS01: 325167. 1 WD 2004/ 025568 PCT/ US2003/ 028877 31
r%&aced with the | ow frequency conponents of the
Y 1S el MALSypdi fi ed second conpl ex i nage may
then be c [ J conpl ex . nmage
at st EL p 94. nﬁﬁﬁ g": %%ergpézsﬁ)éljds%lnr,%d o(%l ]{f%%eemg%)sg ﬁbetwe

facegpienc yi nGgyaronerdnp S saisgpci ated with each of the
first and second conplex i es, are conpared in order

to det& e ¥hy? CHF BT e FEthee FIRnd complex
iifRgRs. The systemdetermnes if the high frequency
conmponents of the two inmages are approximtely the
same @PEEmDE Udw Heese fis by 1 di ffadrience bgtaveirst

I £ fir.s | ex .i mage and _ the dified
réagl gio %%8 5{ rf'g I%eoiA Igl’lrrettgfg é, & &1 Ot St fort Ab rPrcFeql‘qu}‘ﬁyhe
trhatict;he i mages are simlar at step 98. If a
difference i s determ ned, the difference may be
r ecor JEF1 ARG &1 GG SrERRFodiiaga ox dtsetl 20
PR DR rRy15-8810 coNuslialalfy A &éﬁ%f%ﬁo@f&&s of
di ff'erenCe between ifmges nay indicate a defect at a
paet isegioad |cswatlicsn iowget e biaflew fAlaecheugly tdeeponents of
present.j.nvention has been described wth respect to
a spéeci fic pré)felrxlrég1 djodient thereof, 20 various
changesmad imeditfieC albida S ety da) 1$309asiRd td tORE First
skilled in the art and it is intended that the present
FRIBAEF o "0 HPa 86 t8HEH Nehdfgéfcameapsd faoamilisgnd mage

hakkneW Lhien sihe scepg1ak Lhganpended clai s,

2. The method of Claim 1, further comprising
calculating a Fourier transform of the ratio of the first
and second complex images in order to apply the low pass

filter in a frequency domain.

3. The method of Claim 2, further comprising
calculating an inverse Fourier transform of the low
frequency ratio in order to modify the second complex

image in a time domain.

4, The method of Claim 1, wherein comparing the
modified complex image to the first complex image
comprises comparing high frequency components of the

first and second complex images.
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AUSO1: 325167.1 WO 2004/ 025568 PCT/ US2003/ 028877 32
WHAT IS CLAIMED IS: 1. A nethod for detecting

waledokmesrges bet ween conpl ex i mages, conpri si PQI/US2003/028877

acquiring a first conplex i e and a second conpl ex

5 image; applying a | ow pass [ter to a ratio of the
first and second conplex imges to obtain a | ow
freqguency ratio; nodifying the second conpl ex i nage
by thes | ow Tk fieadushoyf r@taimtDo, nepdacen | ve f £ eosie neyd

conponents of the second conplex jnmage wth | ow
ARG Eh &P B 76 RS S SO 47 1271 CHHAREAC | TRRESS and
conparing the nodified conplex imge to the first
conplex image to determine if the second conpl ex inage
15 mat&hes nethnd @fmflledn magefuthahecomhibsing the

[ ;S ! t Fouri er
OB S A R Wha S A T Ena
e e | imeegeess reprerskert direy apypH et hehdraye Paiss arROimage
filter .in a frequency domain. 3. The nethod of Caim
FCFNTHSC L HiSE'ng  cal cul ating an i nverse Fouri er

transformof the low frequency ratio in order to
nodi fy the second conplex 25 image in a tine donain.
4. Thée -net Rodedthod dion Debgedrigion ddferenwups Hetween

ndli fied G lsex.éoﬂ%%% 1.0 t:he first conplex inmge
conprises ¢ dring-hig rﬁequency conmponents of the
30 fi rstguand reeeoid reamalenp lidipdemge AURDE IS komplex
image;

calculating a Fourier transform of a ratio of the
first and second complex images to obtain a frequency
domain ratio;

applying a low pass filter to the frequency domain
ratio to obtain a low frequency ratio;

calculating an inverse Fourier transform of the low
frequency ratio to convert the low frequency ratio into a
time domain;

modifying the second complex image by the
transformed low frequency ratio to replace low frequency
components of the second complex image with low frequency
components of the first complex image; and

comparing the modified complex image to the first
complex image to determine if the second complex image

matches the first complex image.

8. The method of Claim 7, wherein comparing the
modified complex image to the first complex image
comprises comparing high frequency components of the

first and second complex images.
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WD 2004/ 025568 PCT/ US2003/ 028877 33 5. The net hod of
Claiml1l, wherein the first and second conpl ex i nmages

w@ oovpi235e8 hol ogr aphi c i mages. 6. The net hod of PA/ERI003/028877

further conprising the 5 |owfrequency conmponents
associated with the second conplex inage representing
system changes in an inmage acquisition system 7. A
nmet hod for detecting differences between 10 conpl ex

i mages, conprising: acquiring a first conplex inmage

and a seco c lLex: i e:. cal cul.ati n, Fouri er

tr ansf%‘r m gﬁ" 2 E[r{gaEtW)cﬁi ocff‘r?c%lea”? ?;r'stw%erﬁuejg'égahed Jolfﬁ)tr d
iseges] taongiiieat NntdaLquanesi sd helgdpHial | thages.
applying a low pass filter to the frequency domain
ratio to obtain a |low frequency ratio; calculating an

| nver s Foureidiiansir gl e | AN e ety dAtd dne
to convert the low frequency ratio Into a tinme
dorraisfommsdl flydwn & relor egwno noh toienlpexe dliieg e b yrddhece
transf.or.ned | ow frequen ratiq to replace | ow _
f?édﬁ%ﬁ?%ﬁ‘é%ﬁ%%ﬁﬁhgglég%iﬁﬁlrgb5ﬁﬁiégﬁaqg<q?ﬁﬁﬁ?%M%Wﬁges
ot frarmie M8y arc dmaee riceyafs itthedd idyalt &oNpl ex i mage;

and 25 conparing the nodified conplex inmage to the

first conplex image to determne if the second

conpl i mag c e ' e
method ot B ST ey ok S e Beaelh
compllex iimegest, o compriiisisig:conpl ex i nage conpri ses

Compar Ml HLeduney UMty dedllte A
complex image and a second complex image; and
processing resources coupled to the digital

recorder, the processing resources operable to:

apply a low pass filter to a ratio of the first
and second complex images to obtain a low frequency
ratio;

modify the second complex image by the low
frequency ratio to replace low frequency components of
the second complex image with low frequency components of
the first complex image; and

compare the modified complex image to the first
complex image to determine if the second complex image

matches the first complex image.

12. The system of Claim 11, further comprising the
processing resources operable to calculate a Fourier
transform of the ratio of the first and second complex
images in order to apply the low pass filter in a

frequency domain.
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W@ 0oplozsses mages conpri se hol ographi ¢ i mages.

AUSO1: 325167.1 WO 2004/ 025568 PCT/ US2003/ 028877 34 9.
The nethod of daim?7, wherein the first and second
5PADUS00E028877
met hod of Claim7, further cegprising the transforned
| ow frequency ratio operable to reduce artificia
changes in the first and second conpl ex i mages
generated b mage acquisition system 10 11. A

syst effor Té@t éé’?Fﬁ@‘ gt fépdicés  bELREBRT EOMPrésing the
bIBEeS 1 RGNPEESIREEsa0 gegab% rcsc ﬁsmgre%r abl g n]tV%rse

acquire a“first conplex Imge an a second conple
FwageerahdanpfocmssfngheeéowréesquenpyedatQOtha order to
glg 5 gec r t?e pr.ocessi.ng r sour&es Q erable
PS ﬁpF FoRH agng Fer"Fg%a Fafli o
and second conplex i mges to obtain a IOM/frequency
ratio;, nodify the second conplex inmage by the low 20
frequéhey ?E?l%YﬁBeWeBﬁagéaP@mﬂﬁveub@ﬁéync§ﬁ@@ﬁéﬁpg Ghe
n e g r nent s
P e e K e
compkesesnagmpanihgehﬂghsfrequepbyxcbmpgaenosdefethene
if tF cond cgnglex g 25 matches the first
Eohp e?n nage®42 OWﬂée§y F8AF6f O aim 11, further
conprising the processing resources operable to
calculate a Fourier transformof the ratio of the
firstland SeeofdseempPéxCioimndgesvhareidefheofappkyand

LBechavpassel] L hahekNoBupkt B9URDEYHIPRLD: smages.

16. The system of Claim 11, wherein the digital

recorder comprises a CCD camera.

17. The system of Claim 11, further comprising a
beam combiner optically coupled to the digital recorder,
the beam combiner operable to receive a reference beam
and an object beam to generate the first and second

complex images.
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WD 2004/ 025568 PCT/ US2003/ 028877 35 13. The system of
Claim12, further conprising the processing resources

woperakisest o cal cul ate an inverse Fourier traPGT/o82008628877

the I ow frequency ratio in ogder to nodify the second
conplex image in a tinme domain. 5 14. The system of
Claim 11, wherein conparing the nodified conplex
image to the first conplex inmage caonprises c arin
hi gh fPequénBytéerpdrentstertihg dfliflfﬁemssg{;&’f@eng
comphex inmges., L@mb>isihg.systemof Caimll, wherein
the first and second conpl ex i mages conpri se

hol ogr aphiud riimgges £iY&t Teaprdyst émpgle @ngl m Becond
wherein the digital _,15 recarder c ri a.

SaTETER 1PeoTne tePsCantsi Serarnrrie POrErer AR ng
anchedammegorbiiek rofFlelataldey ;coupl ed to the digita
recorder, the beam combi ner operable to receive a

r ef er REECKARM 20 PaNd 2dr tobjodc PPBEEMLE g dediiate fiafe the

%Bg%%:%ggfggggﬁgﬁﬁ%pTE%QKahﬁ%%%ﬁci éte%oaberratig§éxange;

2004/ 025568 PCT/ US2003/ 028877
18. Acwephodnboendebectriang odi ffueceéioss fipat weai of the

conpl ex .i es, .conprising: acquiring a first conpl ex
SFrer §%§§dg§%§5@6ﬁ8n Egﬁﬁﬁgx i mage, the first and
second +eeaBk €% 1 Mages £8 ngnehediragssi Fompil ke aes by

each of the aberration functions;

comparing the modified complex image with the second
complex image; and

determining an aberration correction value by
selecting the aberration value that yields the smallest
difference between the modified complex image and the

gecond complex image.

19. The method of Claim 18, further comprising
performing a Fourier transform on the first complex image
such that the first complex image is modified in a

frequency domain.

20. The method of Claim 19, further comprising
performing an inverse Fourier transform on the modified
complex image before comparing the modified complex image

with the second complex image.
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selecting a plurality of aberration values for the
first conplex imge froman anticipated aberration

WO amg®25568onput i ng an aberration function for PEESWN3/028877

the selected aberration valyges; 10 iteratively
nodi fying the first conplex inmage by each of the
aberration functions; conparing the nodified conpl ex

i mage with the second conpl ex i mage; and detern1n|n%
an abdtrat FBF BEEPEE: Pén Claltie 1By VBCLElE CORGaTHEg the

%a&.re%aoeo}ﬁ%ggg tlnétgey Iw@.ltﬂs theesé%hhe%mp@ew %ﬁ@%e

bet ween t he COfT'p ex |1 mge and the” second
compkgxesndg@ermgnlﬁaeanwah@dnoé ofaenmoguliugr tifee ratio

C i sin erfor ng.a_Fouri ransform on t

PRr Ebe B R P8 5 0or "PHE: Fe SPFr SE Cobp L oY Bl sige
isagedified in a frequency domain. 20. The nethod of

Caim19, further conprising 25 perform ng an inverse

Fourier transformon the nodified conplex inmage

bef org,co [
secon coggﬁ%x&%ﬁggg %guggéﬁﬁ %gg?ggéfbg%? et%%%HS the

Eﬁ@kb@ﬁ@@ﬁ/@é%%é@tl@ﬁ 2&1u§heomprhedSoSGQEGEHMQSthe ratio

BBTi R BRnPae L batie 2z dRGFPS BEEHBEE B MG Syart SrEBLe

9hagedyl HBeOkeaohat compExt hRagedi fied conpl ex image
and the second conplex 5 imge. 22. The nethod of

Caim 21, wherein determining the aberration

corregyi °”T¥xé' M%tﬁ%ﬁ%'gs%ia%' ? L Qﬂgkgﬁnr 2hk fl%%' 394

t he smal |l eSt vari ance between ed conp
gsecond complex images comprise holographlc 1mages

24. The method of Claim 18, wherein the anticipated
aberration range includes a minimum aberration value and

a maximum aberration value.

25. The method of Claim 18, wherein the aberration

value comprises a focus value.
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10 image and the second conpl ex i mage. 23. The net hod
of Claim18, wherein the first and second conpl ex

WO pegossseonpri se hol ographic i mages. 15 24. TheCTES10081028877

of Claim 18, wherein the antkgi pated aberration range
i ncludes a m nimum aberration value and a maxi mum
aberration value. 25. The nethod of Caim 18, wherein
the aberration 20 value conprises a focus value. 25

30 AB801: 29FEAOP WO 064025568 RETeUS2ons (XgaERn
%%n@ﬁe}ﬁ_iﬂ%g%%q fcgnrr%)dﬁeltsggl i.ng differences between
es, ri

conpl ex i ma co sing. acquiring a first conpl ex
i mage awediua rsegprd £ icwtpleexpileryemagee afid st sarednd
second _caonpl ex i nmag &Einludin simlar features;
SEIBLETnG B tAlS CyT6F BBEr PRECBA CAMTIS™ omathe

finestideerpl-exiiimmoe fatarean antici pated aberration
range; _conputing an aberration function for each of

the selestéddalePlawadityaPfesbergasdoromeilngsa for the
%Q%_Lceeoh@@ QN 6 {aw $heGIRL8%g LIRIE 40 o range;
ormed conp g y

obtain a trans ex 1magé; iterativel
nmodi f gomgutthect ransherrad ioamiuex tioag € orbyaedc b fofche
tgggfaggerra ion fynctions; perform ng an inverse

P9 PRRLESHON VeHEeS15 nodified conpl ex i mage to
convepbribentow b edueney trahkeBrinbe 2hkl M8 HeMRioRplex
conpari ng hi gh frequency conponents of the
fmasasf 6pnebtedmp ek remsderweth chingh ek eqagrcy
Conpo@%@&%tively modifying the transformed complex image
by each of the aberration functions;

performing an inverse Fourier transform on the
modified complex image to convert the low frequency
ration into a time domain;

comparing high frequency components of the
transformed complex image with high frequency components
of the second complex image; and

determining an aberration correction value by
selecting the aberration value that yields the smallest

difference between the transformed complex image and the

second complex image.

27. The method of Claim 26, wherein comparing the
transformed complex image with the second complex image
comprises determining a variance of a modulus of a ratio
of the transformed complex image and the second complex

image.
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of the second conplex inmage; and 20 determ ni ng an
aberration correction value by selecting the

wa@b@anzisson val ue that yields the smallest di PEPUSIV0E028877

bet ween the transforned conpgex i mage and the second
conpl ex image. 25 27. The nmethod of C aim 26, wherein
conparing the transformed conplex inmage with the

second conpl ex image conprises determ ning a variance

of a dddul tke ohelhedtlo ClFit ne’ t rerr¥ot oRpiRikng the

B o] G200 BOT] USo00 QSEE T 0" 287 The Wt had BTCL0

Haaimy 20he V\d;teaibl@sidestaermmmgadsttmeexabe}ne atramsformed

correction value_c ri se elect th ti havi
SR Gt Py A o SRt P bl S et et ol o

i mge and the second conplex inmage. 5 29. The nethod
of Claim 26, wherein the first and second congl ex
i mage%9 conﬂ'ﬁﬁﬁ s@eh}@@@gﬁfa&ﬂt%lm mfgesvhapein %%t hr$orand

é&"r&lgls@n {£Q§§$ c%fldéwer ope‘?%g?% £0 acq |re a

flrst conplex i mage and a second conpl ex i mage, the
first_and _second c ncl udi n sijm | ar
feat Fos: A i OB eLd i et e dll CHRPT et PThiren
Hrghtak 1ﬂ§gé§00&j&%m§ﬁ§gpr OCGSSI ng resources

oper abl e to: sel ect a pl ural i ti/ of aberration val ues
£9

for thedigital repprds iongmabtontamadel €¢ pat orst
SRR AL AL aNG8s o COUPHLE AnSPSE T AIASD, THRE! L PR Ohina
second complex images including similar features; and
processing resources coupled to the digital

recorder, the processing resources operable to:

select a plurality of aberration values for the
first complex image from an anticipated aberration range;

compute an aberration function for each of the
aberration values;

iteratively modify the first complex image by
each of the aberration functions;

compare the modified complex image with the
second complex image; and

determine an aberration correction value by
selecting the aberration value that yields the smallest
difference between the modified complex images and the

second complex image.

31. The system of Claim 30, further comprising the
processing resources operable to perform a Fourier
transform on the first complex image such that the first

complex image is modified in a frequency domain.
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aberration values; 20 iteratively nodify the first
conpl ex image by each of the aberration functions;

w@e orvpaeses he nodi fied conplex image with the BeDUsIH03/028877

conpl ex i mage; and determ neggn aberration correction
value by 25 selecting the aberration val ue that
yields the small est difference between the nodified
conpl ex images and the second conplex inage. 31. The
system of Claim 30, further conprising the 30

rocessin S e : a i:ern
Y 8§81 Ngthe %9%?%% eperabl g EQ,P%ﬁE95§E Fﬁg &?%éng the

transformon the first conplex I nmage su
prpsesstogplregoiumage opempdiléi ed pardokmequenayerse

gonaLn. AUSO :325167t§ V[)§094/§25568 . bef

St U850b3P058877 Cho 85 MeHET $§St ERINBR A AlRIs Pefore
tuhbheingOnRE fbRAriBe cPMPLERSENEgECHIURCeReORREBBIE
to performan inverse Fourier transformon the
APUPLEEdi®BEBl ex i mage before 5 conparing the nodified
conplex image with the second conplex inmage. 33. The
system of C aim 30, wherein conparing the nodified
conpl 2x.i nije wiybhemhefs€tand BoOnpiWkrreimgeochParing the

can%is S detfrnining ay iggce of a nodulis of, a

et bS8 CrBL fitdFREE EohPI RS AEGR AnHOTRE SSedBRE®
eenplexesi ABEBrm3Aindhe $ysignref o€l ai Mbddluvhereknratio
determ ning the 15 aberration correction value

ebnphesesdséiedt ragrl pE iweve ahdvihg sheosdarpepiex

yﬁgggnce bet ween the nodified conplex inmage and the
second conpl ex i nage. 35. The system of C ai m 30,
wherein the first and

34. The system of Claim 33, wherein determining the
aberration correction value comprises selecting the ratio
having the smallest variance between the modified complex

image and the second complex image.

35. The system of Claim 30, wherein the first and

second complex images comprise holographic images.

36. The system of Claim 30, wherein the digital

recorder comprises a CCD camera.

37. The system of Claim 30, further comprising a
beam combiner optically coupled to the digital recorder,
the beam combiner operable to receive a reference beam
and an object beam to generate the first and second

complex images.
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20 second conpl ex i mages conpri se hol ographi c i mages.
36. The system of C aim 30, wherein the digital

WO e@aelsss conpri ses a CCD canera. 25 37. The SPGI/ER200$/028877

Cl aim 30, further conprising.a beam conbi ner
optically coupled to the digital recorder, the beam
conbi ner operable to receive a reference beam and an
obj ect beamto generate the first and second conplex
i mag8és.. ABSOEIRSN Ehrl AADeRAG4H0 2856 rences between
PCT/US2Q03/ 028877 41 38. A nethod for detecting

G Wpﬁgﬁéﬁf%%?qﬁétﬁ%%ﬂ?rﬁﬁﬁﬁa'ex i mages, conpri sing:

acqui biddghiaifid o o eoniplege iakthed H£'T eNtemanpl ex
i mge, the first and second conplex inmages 5

GoHeILGeR Agesian Itie fidatdr &89 F&ENF M isx afnages
iﬁR%ﬁBﬂ%%P%fﬁﬂl didfierence exists between the first
and second conpl ex 1 mages; correcting the aberration
val ueediefiriramamee ify an tedreatrardlon medideyidicf fidwerfda sixists

C | ex i.ma by an . 10 aberration _function and
BESHBER At e T TIPSt CUMRIE THRERE fwi th t he
SecoRe G ieY IHRI&HdY 1 thicgh va IR uRIfme range by
nodi fying the second conplex inmage with a | ow
iftesqieneyl vr A% Fvo e pihgc € el fAQSHISHT i S e RS of
ab2 A% 1260 U A0 Bhd 2ty | W TRAUNGY irat
conponénts of the first conplex inmage; and comnpari ng
il efxr e gpaeyec widdndree e cofd tdvenpiedi fimedgye fin st high
conpl ex image and the nodified second conplex inmages
frs Wﬁ3%§3q7the first conplex i mage matches 20

the $REAF GHIMRIEX ddRER complex image with a low
frequency ratio to replace low frequency components of
the second complex image with low frequency components of
the first complex image; and

comparing high frequency components of the modified
first complex image and the modified second complex
images to determine if the first complex image matches

the second complex image.

39. The method of Claim 38, further comprising:

gselecting a plurality of aberration values for the
first complex image from an anticipated aberration range;
and

computing the aberration function for each of the

aberration values.

40. The method of Claim 38, further comprising
performing a Fourier transform on the first complex image
such that the first complex image is modified in a

frequency domain.
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39. The nethod of Caim 38, further conprising:
selecting a plurality of aberration values for the

wo oogi023568pl ex i mage from an anti ci pat ed aber r B€T/U82003/028877

range; 25 and conputing thgjaberration function for
each of the aberration values. 40. The nethod of
Claim38, further conprising 30 performng a Fourier
transformon the first conplex inmage such that the
first conplex image is nodified in a frequency

donmi,n. AUSO1: 6. 00 2 C

PCT/ 6@200%@%%4?&%e%§2t Tfther, con S5t
detfidieri rep T | v seperduarimmg remd forer s, Fowe inerdified
transform.on the nodified first comlex i - before
fdgifariaty it HRAS iR S SRR i"ﬁ%&eﬂvﬁ@e R
SHREARY: G ELXyi tRYMe 42colle dBdIRG afnddeai m 38,

wherein conparing the nodified first conplex inmage
with the second conplex inage conprises determning a

var| qnce o4 m%%qiolcysofﬁcl%i}ho 3r8at i e%fefrrecmxf:ﬂn%dﬁe

u
first™“conpl'ex 1 nmage and thé secdn conpl ex 1"mage.
mblde. fieichdd reft danpghed? infadiet Rercc ey issdawghd complex
determ ning an aberratiaon correction value b
1gSoEC NPT 18P Y rﬁ@%ﬂp@%%ﬁ%@@amiﬁ il a
r%%ti\éﬁegﬁ the R et fdinsl complieX i il e second
second conplex imge. 44. The nmethod of C ai m 38,
clouptlleer iowmgsE. sing 20 applying a low pass filter to a
ratio of the nodified first conplex inmge and the
second conplex image to obtain the |ow frequency
rati @3. The method of Claim 42, further comprising

determining an aberration correction value by selecting
the ratio having the smallest variance between the
modified first complex image and the second complex

image.

44 . The method of Claim 38, further comprising
applying a low pass filter to a ratio of the modified
first complex image and the second complex image to

obtain the low frequency ratio.

45. The method of Claim 44, further comprising
calculating a Fourier transform of the ratio of the
modified first complex image and the second complex image
in order to apply the low pass filter in a frequency

domain.
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45. The nethod of O aim44, further conprising 25
calculating a Fourier transformof the ratio of the
wo@iResas f i rst conpl ex i mage and the second cP@PUS2003/028877

image in order to apply thg | ow pass filter in a
frequency domain. AUSO1: 32 167.1 WD 2004/ 025568

PCT/ US2003/ 028877 43 45. The nmethod of C ai m 45,

further conprising calculating an inverse Fourier

t ranabor nitak teehbdwoff Cégamnéy , r fuirsher coderitgng

di the secaond conplex_.inmage_in._a_ti [ 5
S Cuthe g RO LT ERR FESBLoAneFarT RS Fir St
fse ges%cgomalt% 1B Ege8ee0rpr nsailgl efkapkicondregaplex

AUSO1: 325167. 1

image in a time domain.

47. The method of Claim 38, wherein the first and

second complex images comprise holographic images.
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