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TECHNI CAL FI ELD OF THE | NVENTI ON Thi s
|n es in general to the field of inmage
S|n and nor e part|cularly to a systen1and

nethod ?8 detectln i fferences between co
i mges.® @W&@BW@WF&N%D&FFE ENCES

direct-to- dlgltalBQQW@gma@myugmﬁgeﬂ%A@@gograns from
hi ghly simlar objects can be obtained.. Consecutive
processi ng of the hol ograns all ows conpari son of

actual 10 image waves of the objects. These inage
TREWES CCONFIRLD SIFYMHE cauBNTIawe i nformati on for both

small_and Targe  details of the objects t han
convéhtiSotdVeiA RO ST 1 i Feiyesal bkRakie fHahe of
mqag%e DI UIBIHORAS R rtseglrwcuwﬂyh%&gg 80Pt Ot ang
[ oS§t in conventional i nages. To fi1nd snal
H@tﬁb@réﬁaeﬁﬂUQdMMNMjﬁlﬁﬁﬁﬁqnc@$1b@tw$6nl¢Om§lex images.
i mportant that the hol ography systemremains in a
stable state. Small changes, however, may occur within
BhltgcResheMmaiu sy iNveNTIoN bet ween acqui sition of the
holograns associated with the highly simlar objects.
20 Olfmer &lidiffds teadicdidal hrebeogsaphy sypkeen, niglasrams
: [ ct] e s y ere
f?%@b?ﬁ%#ﬂdpggﬂuﬁéﬁhh5¥5%1ecf%ﬂﬁﬁggbggg?ggé%lffgéns?cutlve
procys sding diff fodtee o llcapaimonsl 1 8ot hcohpihesSy sbemctual

specific and the |ocation de endent changes can cause
1§Pﬂef IHTH é’fg ther©b38q%S ¢j atoFe viTRESl W%IY?% eFeRERaLy

iQrAGGWHa BN mAQ! 8HASYIME i dn F 65 ep8PReSMEX] Shng 1 arge
betmeen these objects. If no systemspecific and/o

ded@dtliso P i ddiean ddtite isaridesn %@ﬁ?ﬁéaon@henmahgl@@rapmc

.fﬂégégf”%é%%d%%“f%éﬁgﬂﬂﬂééé“§%§ormat1on 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. Smail changes, however, may occur within
the system during the time between acquisition of the
holograms associated with the highly similar objects.
Other.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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some applications, such as defect inspection PoF/US3003/028877
sem conduct or vvafer, t he hol o§raphy system may be used
to acquire nmultiple imges fromdifferent |ocations on
obj ects that were neant to be identical. Although t he

5 objBet somk dpﬁﬂ@&@ﬁ&oh@cakhﬁﬁ§dEﬂ6é¥§ sc%%&% for
OCUS

simlar, the aberration val ues
QCﬁ%W}%ﬁpﬁﬁ9to§|Wﬁéﬁranﬂhﬁh@@hﬁgIaUhMMEV§ﬂémnmay be used

f t ff t. |
SR Bl S o
dredtozathen wear ehaeaﬂt obpede MRENE QP Al beg“

object”

s% stemthen_npyes to another | ocation on t
G5 ot uddst aﬁl?%gsoﬁ%VFﬁ@S aFpT B ﬁm%ﬂy tsmm:s]aarm the

dreatiieson He1 syst egn obt a n _i.mage. at t he second
location and det af m ngs tﬁgéug 't e?%%c AP Fodes may

W firss ared vielews t blee f imageandroecdid £% dntBgRYa tifoddnay
i %%SIV@J)%S 5) 1% en_t he RE/% i mages . differ, the

stem adj ust s r?%‘cUS | GeEvERsdenaledmagiet h t he
ssennd 4 Imges Ot SpPY Oxh MBhELY @%&h ohie of %%Lé%o?"%'{ﬁgt%e

ssociated with the first inage and re-acquire
&5 Taages v e thrd adj Tee edyEbeus thahuesveBhics 20other

I e t uired to obtain
1R B S AC I Sl nb i MBesonl iRy rvias
a@pefconsuatd&somhatminw tduobtakni nqhuuls?srgla{en LERAES,

fromo Ject%cg—lolographlc i mges fer fromrea
1Migged hddiusee Jzﬂ)lﬁl andnagesrodneai bhe

dﬂﬂﬁ@%@dd@fﬁﬂjfg@§§'vé mgéﬁag_ﬂhthghggggalspgngpcond

only contain intensity 1 nformfion
15REEE i nfldr et ofPdys values between the two images

differ, the system adjusts the focus values associated

: with the second image to approximately match the focus

Values associated with the first image and re- acqulres
the second image with thn adjusted focus values. This
process more than doubles the time required to obtain the

0 . F - — . «
lmage Irom the second location and can increase the cost

associated with obtaining multiple images from one

object.

Holographic images differ from reazl images because
holographic images contain intensity and phase
information while real images only contain intensity

information. The additional phase information in

"holographi ] i 1d ' ' i
graphic imaging aads a new dimension of complexity,

as well as new possibilitijes 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
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hol ogr aphi ¢ i magi ng adds a new di mensi on of 12 MAR 2007
Woc?(gﬁ'l exity, as well as new possibilities beyond
HUTEPY i mage 30 processing tools and capabi RGHU¥403/028877

For exanple, wave front matching capabilities would

have little nerit for intensity imges (e.g., real
i mges), whereas they are 1 2 MAR 2007 WO 2004/ 025568

PCT/ US2003/ 028877 3 inportant for image waves (e.g.,
THRPISRY fegfesinags vaegs hddgess complphasmaged)he as they

d&EEE%éWEH%tﬁﬁﬁsgofé @Q% Qéaéeawggﬁaéggtn%ﬁggtgéxhﬁﬁ%St

i mge. Conpl'ex 1 mges,

B fulequigrtoyngpiort | omsgand | ow frequency portions.
Typi ¢ ”Eﬁ{ actual differences in the inmages wll occur

in Th FPefench EDridRéni Bagesy hé nickuges hisny
ﬂl%é B 25 eﬂ?&%hgh Puh%ngﬂsf erences

hovvever may cause artificral “or v
Ty ilsetlH vt he ctouai giv_ﬁ@mrmg andthewimkge¥ensy 1 occur in

n‘@g% ents of the %Wg In sonme conpl ex images, the
EqUETE ST50r tT ORIt Suo° Hi FRer 2RRSPARgednvay be
1d:daftdmntdsji&1d@t the Spmldm Sé(ﬁé@iff%@eéh%\hg haﬁg%%ver

such as mnor air turbul ences. The
”&Wf F@P@ﬁc@srtri"&w%lraéat@ I’SL@IM& i @1éfedeﬁtesemneboth the

,n%gjeds st em canng
accur at gﬁ)&%(f term ne the%ﬁ% ?yh?% Do??%ﬁﬁeﬁtythe

‘averercnces o Fort or e e
cessi n 0 ilter may be appli

P%,’fgdggl alf a‘E"‘io \fﬁ;fafg%feff}tl tdegRs Bey bo dséferentbdmento

thize shawif SGHRAC s deritd o0 Gfy Lnver Se

Fouri er flsl@ﬁer fpb{(}“ltrwlenl be usrg%)é%]o conver%A‘iqﬁnor des

thgoRleacese tiThe domifresveindhadif fierémoe s nagescreate
B8 SO B OIS 858 A g
s5tdue chonphe aaddirtiterial dehastndnf orwat s @PuEONE akRed
freq&gncy differences bntween 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 boﬁh 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 tc 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
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tages and probl ens associated with J&tTEEE3928877
di fferences between images hgve been substantially
reduced or elimnated. In a particular 1 2 MAR 200?
WD 2004/ 025568 PCT/ US2003/ 028877 4 enbodi ment, a
met hod for detecting differences between conplex
MRRFESS ol wiere eepd eEot ndesrcabapr diferesmass between

s
j £ f-er 6 ifying a first.complex. inmage by an
T e, IR SahbartABS! e AbaTEacd Arhige ve
i feerereec and readit exnd MRYE: rbBUSomBl Bk Ziak@ tRE an
i fference _ between the conplex i ma%es in the hi'gh
JEERSY FARE 101 PRk cepHRAT NG EReomedadied remgeofto a
r )2 1 on, t : . det [
R SRRl el BT e hREi 8 EE Mg emane
beswmsieex theagemmida ibgecond thepheyhi frgguandy range.
appl ying a | ow pass filter to a _ratio of the first
and g@c%ﬁ&%@r‘?ﬁ%& "fjnt&ge%n? oe%?‘aFﬁeﬁt PEWChFe praTERT
108ein® i ofih e a5 eRAMbE AN ¥e t 8BIELL Sq; FPALELed DY Lhe

Jow frequency ratio to replace Iow frequency
1LEGAEENeRCS Uee st IR Bricovib condl est | cagelekt hvbkow Bnd a

f s of ,the first conpl ex inage.. The
S Bk P MRS 10 RIS Sl Bt Footne e to a
raadipl eX ichege itrestdeire] nddteond &&ﬁp}?@ﬁoma%e&p't%x oibg%% a

mat ches the first conplex imge. 1n accordance wt

12%0 RERUERGYIIEATHO of T pRechtcomplenvémnagenisa
B8 B A R DL I o
Leeapkagyi ragpcasth e SECartte coapbex tomgteandmage with low
R e R e e ey TowP pess Ppor Foea
mpdtifded 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 freqguency ratio to replace low frequency

components of the second complex image with low frequency

-components of the first complex image. The modified

complex image 1s compared to the first complex image to
determine if the second complex image matches the first

complex image.
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frequency conponents of thessecond conpl ex inmage with
| ow frequency conponents of “the first conplex inage..
The nodified 30 conplex inmage is conpared to the first
conplex image to determne if the second conpl ex

i mge matcchesidnte fwith a chuptiesri @ragedlﬂqeﬂtl\/leﬁ 20Qr1
WO 2004/.025568 PCT/ USZOO]?‘?FSZ 877 I n.accordance with
BY $9ttherVE d@ et it e@%ﬁ?th%néﬂéﬁe’fﬁmes

Hethed, f%ﬂ@ﬁ%ﬁi@egliﬁﬂ@mgsacgﬁi%@ﬁg complex complex
i mages includes acquiring a first ConpleXx inmge an 8 g
mcﬁrwompl@cqnﬁag@mmx havagsi phaar havéeaumnéarand

electln Rl Jd erration val g
o t:so%p%texS :ir?acge ‘%/9} ot ulé?\ﬁ'%y pat ed 55§F98f1| ﬁlues
ﬂcﬁ.’ngﬂle A rafee idomp 105k fiRedd ofrds £QNRYt edibategeach of
the aberration values and the first conplex inage is
ARBIRAGNE ¥ ATEF f | AP FPECH PRt Fenabéprat sogomputed for

Jaﬁ@?td@% Q%%M {d.2d, £ompl ex, i npge 4;&&9*@8 gQFw tBage

second conpl ex 1 mage and an aberration corr
hal e e idetler maveidt ind sef eed¢ihgof hehababeatrza@nowal ue

hat yi el ds est diff rence bet ween t he
triatF 55961 qf#a]g%é TR HEX oiada tBnpPrERarRagwith
dife |dbaneodanne idhad addi 4 onglr-egbodhment-ratrt be

present invenfion, a systemfor detecting differences
Vreltufe el @@ﬁﬂr@)@nqﬁgés $Pbe Ciderg at e gabarraecondgalﬁer

cqui a.firs £ex e and econd |
e TR o EROR AT B, PeReRl e
cﬂﬁn;ﬂmiplleaﬂide) atrftE tctneglst@ctom@C@dsxdxelebeﬁagéoceSSI ng
resources select a plurality of aberration values for

the ¥ AT Tiye™t raftaht @net cepapedment of the
Reidal HOR AN, 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.
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‘Noi&ﬁkgt%%ely nodi fi ed by each of the aberration
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unctions and the nodified conplex image is BORYSR8/028877
with the second conplex inmage. The processing
resources determne an aberration correction val ue by
selecting the aberration value that yields the
smal estﬁdifference,BSbbetmeen the nodified conpl ex
i e afd-PhaaBEtold thomBiahieT emeodimenfpRio e wpesent
12004£ 025568 RETHHS2003/ QRAYII: 1.5 | & AecPLARACe LA
anot her enbodi rent of the present 1nvention, a et hod
cPpplast é8egag dnfludescesdsimesn a chipsexcomrjes image
paclu QULL] a.first .compl ex_i e_and_a second
51 B P bRy ey Ll 4R (s b B §°acErE87ANG
ddetemphihdgi f f aAnaBbeteatican walwe & fference exists
between the_first and second conpl ex images. The
bebuprht Fon Taree anfr seaedel ieworeRcimao®y. The

LLe t vel digf ¥ie ' firs ' by, an
A e D e e s o T P T PE P e A he Ly
medirpyeng i tiegef 10shi tbmiexs evenge aonphexabsvgetiBna
fhigp.freqﬁgnCé ragge. The neIQod further determ nes
HPCEAR™ 3R f FRUPRE L8 CEnBIsd § IR ef Tf e heemphex image
wS B 00 H= COAPbEX EBEﬁQeQYiﬂaﬁﬁfﬂﬂ'EJﬁf&hsfggggfg§9pk§ége.

image with a low frequency ratio co Tep

Theetigehey tenpbasntistermime sechrichd Snodhpied Fhmge

i th_lo quency_conpanents of the first conpl ex
C&h%gE% #%égﬁigﬁ“?ﬁéaugﬁﬁys éﬁﬁg%éﬁﬁ@P > t HB29FobYf i ed
mbdt $vingnphexsepage @6&@ﬂﬁ&ﬂﬂﬁﬂ§éE%H§&Q§nﬁowc?fgﬁ§éncy

i mages are then conpared to determne if  the I rst

TEHAPI BR TRRERCHBt EWed TERSSET0 IRP e e | pRgehe28econd
cbﬁﬁ@ékaD&a§§C@B£Haho@d%@@dﬁgﬁﬁfﬁcéﬁ?éﬁgﬂ#segPogthggést
of the present invention include a digital- .

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 acquired images may be
different. Instead of re-acquiring an image with
adjusted aberration values, the system adjusts a first
image with the aberration values associated with a sscond
image. |

Another important technical advantage of certain

embodiments of the present invention includes a direct-
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needed to acquire nultiple inmges froman object. In
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images 25 fromdifferent |ocations on the obPEEUS2003/028877
Aberration values associated7with each of the
acquired inages nay be different. |Instead of

re-acquiring an image with adjusted aberration
image with the

valyesichhensys justs a first |
aber r%ili on val ugg%ggo% S Kats aewe%@?q‘ﬁa@%—?ts
N—i@tﬁh.érl BAPOLtadt ithegkni calrr}aa_chvaf}.;aafgﬁsofincgﬂealsr&CFtem may
(?p‘ggdl%ggtg of the present invention includes a“direct

"2V AR 280" SO 28841825568 TRCHIUS?EER1 02887 uited and a
tecoh@i iahghol 90 aphy rsyst emp;that el ininates artifacts
from an a%qui-red Fmage. Srrfslflnieréc“hasrﬁrﬁe1 HANRE Sy dmally
%9“Foé%u¥0‘befmm81aCYi remwherend f idEstheMBgeniited 3] ages.
@ggugrgge@ngoﬁ.g,gcong m@ge Is acquired. These smal |
chang}és fypica Jf“y 5 ocBlr *F AIUSRCET éddEREy toomparents of
ofo theqacoed riatkhde@gesd mihe ipyskemapprlies,a l.ow _
gre%nc filter to aratio é? t\/\onbgc?thkr 58 rigess by
A0 T P19 & Tt et heei kayes reyuehhe eatbenkdts from
ehd M € s 4.0 eq conponents. from_ the inmage
corrparfei%éon; hus\,%c'g?ﬂ yufﬁgghi Bﬁg?{r aﬁeﬁégﬁlgrequency'
oot of die imeges are eempated, Which QHHFBWE the
stﬁe ystemto accura ely determ ne it any actua

ITTer ences S Ba S hetSeernine tfoanmagesuall Hifferences
ofi SN tfedrhese tt%g]qrg%e%dvant ages may be present

in various enbodi nents of "t e present 15 invention.
I geS e e ectoail) 230RLEALs oy
descriptions, and ¢l ai TECCBRIERS DESERHPT | DN GPNTHE

W@ 20 OAhmpT ¢ cconpl @i aaden 853081 P Ofpd Neasgi1y
r nt, - )
d&ﬁ%%%nt to one skililed 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 acgquired by
referring tec the following description taken in
conjunction with the accompanying drawings, in which like
reference numbers indicate like features, and wherein:

- . N . . ,
FIGURE 1 illustrates a schematic view of a direct-

‘to-digital holography system in accordance with teachings

of the present invention;

FIGURE 2 -Zllustrates a schematic view of another
Cirect-to-digital nolography system ip accordance with
teachings of the present invention;

FIGURE 3 illustrates two complex images obtained by

& direct-to-digital hol hy 1 ¢l
t-to-digital holography system and the resulting
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i nvention and advant ages thereof nmay be acquired by MAR 2007
referring to the follow ng description taken | '

WO&%‘Hﬁaﬁ’éFi on with the acconpanyi ng draw ngs, iﬁW?@ﬂmzssﬂ
l'i ke reference nunbers indigate |ike features, and

wherein: 255 FIGURE 1 illustrates a schematic vi ew of

a direct- to-digital holography systemin accordance
with teachings of the present invention; FIGJRE 2
imAdgesafacesdatecnénangc arfe RRFL YAy it aberration

direct-to-digital _haol ogr S ' Et
CRprechtRfnyetyf tlﬁleaﬁfgggﬁ |“="nveheﬁnotj'nr;gE %%ﬁ%g 8t e
prbkUgtr ahesntwengonpl ex i mages obtained by a

direct-to-digital hol ography system and the resultin
1 2 NARURB0Z IWDUSGEALE85568 e@éz’d@%%z%%‘?%m%é 5y a

dkgggg—ggtgﬁgq%%ﬁrEbﬂb%%a%%@'%@%ﬁ@ﬂmhf%hé@@ré@%ﬁ@ﬂsation
correctron-value in accordance wth the teachings of
fohearpi€aents icaveed by, cRGIRE 41 |thsthategrapkpnpyakem;

i mage obt ai ned a 5 direct-to-digital hol
oy o ERARF BN I ERLaE Giie rei i { aueds S ERHEE 4

ges i loQr aphy raatenin R &&REdontt | wWsthathe
aﬁgggcg%?@){%&%ﬁdgg tg%r FI GURE 4 afrtl er elimnating the

tanthiiages ofn tdec ergmeed WITYERHON t edRAi Nngs of -t he

present. jnvent.i.qn; .an 0 _FI ]l ustrat I
char t I}&U@ %gﬁﬁlg‘di Sftcﬁa%%etaecﬁ% %##%ré%cgsﬁ%g?agegwr
deeERed MRFFeidhcaar tahanae sbtpl éeathangs of the

present invention. DETAILED DESCRI PTION 15 Preferred
agmoadiarsn &/ idTh (IR PHEEN O n"VRAtPBRSERE 1FKERFLOD-
advant ages are best understood by reference to

DF d & Where like nunbers are used to

rrespondi ng parts. The foll ow ng
i nventdene generaibod it £sof otdé gbtabent 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
éntitled, 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.

FIGURE 1 illustrates a schematic view of direct-to-
digital holography system 10. System 10 includes laser

12, beam expander/spatial filter 14, lens 16,
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L in US Patent No. 6,078,392 entitledf?2 MAR
wo%lﬁ(aﬁ%tgﬁo Di gital Hol ography and Hol ovi si on, PQJ/652003/028877
Patent No. 6,525,821 entitlged, Acquisition and Replay
Systens for Direct to Digital Hol ography and
Hol ovi sion, U. S. Patent 25 Application Serial no.
09/ 949, 266 entitled Systemand Method for Correl ated

b%mgleéhQVall 8i,n t@awele Ol, mEgicNgs i 1By SI &g m’ldaﬂéi Smirror

Pate I'L n_ser.i al 09/ 949 423 entitled,
2Syst£%1n gﬁg R‘/@?H& A rdRéa'Pg?ié Corpiek 13 r%?gre%ct%m
bedmwhE chighe t&@@&@oé&bﬁﬁdgﬁf/%ﬂt@{r 30, fa%{d&

FIGURE 1 illustrates a schenmatic view of rect - to-

e¥pyrdad/ ﬁb%grgéhgtlgﬁ_t énayeilssystmg{]m Jlatoié.GurB:is:Zd ﬁ‘/ig
D e 3b047 025588 BT LSZ003 0 35 PE FBeRIAGAL er

e]_]_@pemtargle&lt 2e1¢f>@euai porteos 22 aMb Bddwrto 3 In the

c illustrat g‘o iment, laser 12 directs a beam of
Iffr o BaRABEF1PT| PEr B BS@T: He be reflncted

mwd@%éaﬁ\eﬁed bbahbot LRYELS 1ol 8ns, . O

ams litter 18. Beamspltter may “be anyo tial
Itt@atwee—tev\eparpmmabawf fhjfe}bwdehdoe(so of a

sm i rtion of the_beamto be reflected
%a{nrgglnéen eé o%c aggeﬁ%ﬁﬂcf‘f“@?sefé’ ey e RETseIT (50%
o e pbé drh eismbe&ﬁsﬁpﬁfé’éil mat el Yt YRRy ﬁétr#t@o%
of a 10 beamis reflected and approxi mately

befupRht t ¥ 2pod 8 BRYt Kefbeakn aedt/pané;mamtsedt Iamyotsrmaltable
Pé¥géﬁgi§@téf 1?§ﬂﬂsp'éé£ﬁé €%¥ rgfhgéaﬁgg:u e, but is

trans tabl e per tage o
nCB’ealndgpimde¢018arraybenbdaandep1butetrs an®ta lpiEted to, a
ealrs litter and a plate 15 beansplitter. The
bee%§npe$ |Pltered light that is reflected by the

The expanded/filtered light that is reflected by the
beamsplitter constitutes target beam 26 which travels
toward target 20. 1In 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. 1In 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 plans 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
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beansplitter constitutes target beam 26 which travels
tovvard target 20. in one enbodinment, target 20 may DMAR 2007
electronic device fabricated fromsili con,

WO&%‘P%?ﬂ“ﬁm or 20 any conpound contai ni ng gr oupPGT/S2003/028877
and/ or group V elenments. |mnoanother enbodi nment,
target 20 may be a photomask or reticle that incI udes
a pattern formed on a substrate. In other
enbodi nents, target 20 may be any other_object,

oRsARIBFY BF SEGRTENEM 11“}""81’?1 M%W%C%bnp@@z%owﬁ@@ light
tﬂaﬂ b?aggmgr%be@heAd%§ﬂH‘TngcéfﬁéL'ghfnréﬁéegﬁﬁgdlment

fromtarget 20 then passes through beansplitter 18 and
tihe adePstadnwanet dosnsimey benss zzlngo:cemswhgti@nsczargay

aetofoc et 20 into the focal
c 1[1%{? Id?é’&greder C%Dﬁot a&(ﬁraes%%t srﬂ%ﬁecofgc gnﬁif‘ghéc}{
a 220 B8gPBN Buitieledprirdnde avagnd ficat itie Aligital recorder
demagni fication, as _desired, by using | enses of

maly f  6F BRETT beali Nterdarash ¥l i stomelitsie (not expressly

= B 00 02t TRCH DU DU S0 of o ot

edbsd ameeact o tihenge ctissisamee r sdeuf oesisedy | hghdbnet bena
travels to the digital recorder. In one enbodi nent,

CPRRIBRHIPE Tedo AP IES P hi h PESHPERLBROLhEF ged

a£QupkL ed sde0e s LAMBITRA 1 had: NRYy I &€
?aybacﬁ %5 aa hol ogr am acqui rﬂ;d from t arlggzj)égéf‘[;I gggltﬁl

cdrguualryr @mrfde}urafaytd mudrgsHeinveniaced. with a

COTDHLS! pERSL SRESY | SIS et ¥R .

t@éﬁﬁﬁi&&"‘@a@ r&wgzes@eraﬁsﬂlem\f@r 018 acok 9t ARLEOReBbrance
m croprocessor, a mcrocontroller, a 10 digital

bsRENAE - pr BESEHNIDIMATor2 fanys ot bk edi o t 5row| Fefiprepce
mc;gp%t,g?gle%tt Q. RIS Sy ddifeor ”HfEQnrnﬂ‘gﬁiPQ%t fgﬂﬁgent:gebeam

romlens 16 that"is transmtted throug
fbemnsplrlaneerca&m i24itteern ef eaents tbeami2Beamsplitter

gef engice ngam 28 4 s [ oflocf ed Lhom Lel el ence o 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
bzam mirror 24, and the digital recorder resembles a
Michelson interferometer geometry). This geometry allows
the reference beam and the object beam at focusing lens
to be combined at a very small angle. For example,
reference mirror 24 may be tilted to cresate the small
angle that makes the spatially heterodyne or sideband

fringes for .Fourier analysis oI the hologram.
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15 mrror 24 at a small angle. The reflected reference
fromreference mrror 24 then travels toward2 MAR 2007

beam _f
WORMREPtter 18. The portion of the reflect RET/US2003/028877

reference beamthat is reflected by beansplitter 18
then travels toward focusing!lens 22. The reference
beam from focusing lens 22 then 20 travels toward the
digital recorder. Together, the object beam and

r ef erFIGURED@AMIANGE FOCS | NOsdiefifa 2Ze $080t bEULERher
plurality of simultaneous reference and object waves

SIETHS STOPRIESRS Y i TSyt tem A eyl uselagraphy system
"M ¢ " LQe r . 25 ge trical
el a??lgﬁgﬂll 6%0 rlngcﬁelz}l}/ncil‘s@{)sl‘ei']tg“:jtseerlI k11122’ re lglr%ﬁn}é% aBEEﬁPator 42,

meﬁtblrleZb,E_amB@l}ﬂte;edd‘ gi4 ala rwfg‘ét;i‘fafr_ﬂ}ﬁ?&fbf@ﬁeﬁence arm,
chel son Lnter ero er, geonetry . IS geonetry
bglalmt)\fgm%tlﬁ‘err a#e@é@%&aﬁlan’zqu@%j Tet bEam Berget arm
mEgCUsicngdkensrqgdd R he fed 4%, ‘%é’z?%%t Srr%g!allggplitter

angl e. For exanple, 30 refeerence mrror
48| teqors ebears itvee Shaltargeiglo® tdral wmkest t beébe lens

spat irall ¥ erodyne or sideband, fringes for_ Fourier
>Znal l;?gilesglgfb?g%ﬁé’%h%la&&r aRY % TSRY 209272825568
cRCENIS2008/, 0288 ¢Fentl HQdRpI12 dddusdd at st &r-sghenmati c
oﬁ)i ew of another exanple enbodi nent of

DPEEEYR0S i gF BARPTREISSy MigHP B 2t @nd 4k f Syeneen dbe lens
gncl ywdesyka ' uatqr_ 42,. ,variabl e
6bearrspl ?%1 % e?gghl,%%g atégdg%tprlbgrd}n“egﬁr’efl Srenc el%r%r%c%%a?n
besmbpihiel i15At andwairgi tvalrimgder dertcomacthe 4Arged ewman
inclyde.target beam expander (46, target_.
=BESRUAr et o Sths TR RISt Cob EEt AR SR ATBTIER € D ot
vaatgblet bbambpNS tto 4kheah LRy GRCe, AN IRY. ] 4ol id t

ref erence beam expander 58, referencCe beansplitter )
Lrararehte® 18°6bfeEt Pfe th2, heameparc @ sfireadrs Znairter

betenanse tHbeLLbans &4 o LR illustrated g,
Fenbodi nent , laser 12 gi%retc?ss ‘gﬁuggé:%%gfaaﬁ"g?ﬁdjt%%tﬁd
vaaipabrebaanenlatoerd24ampltite the beam of light into

target beam 66 and reference beam 68.

Still reﬁerring to FIGURE 2, target beam 66 is
directed through target beam expander 46 toward target
beamsplitter 48, which reflects a portion of target beam

66 toward target objective 50. The r

D

flected 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 wvia target tube
lens 52. 1In the reference arm, reference beam 68 from
variable beamsplitter 44 passes through reference beam

expander 58 and is reflected by reference beamsplitter

D

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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attenuated |ight travels to variable beansplitter 44.

Vari abl e beanmsplitter 44 may be an optical el eneh?2 MAR 2007
WO 004025368 ¢ ransmits a portion of the beam and P&IVERE3/028877

another portion of the bﬁg_ In the illustrated

enbodi nent, variabl e bea g;itter 44 splits the beam

of light into target beam 66 and reference beam 68.

Still referring to FIGURE 2, target beam 66 is 20

padiesecbedkt hharoglhyht aefetrdresm sxpandetre 462t auar dst ar get
beansplitter 48, which reflects a portion of target
ETBBSRE “B8Yt BYarG iCAFTSE A5Gamnikttor Fhe rBeferegde tube

1ehar get qbeant ot heR RkeT atham M thedar QS&bEQ%fmgz; PaRfgah

back through target objective 50. Target beansplitter
comBineansaphs ZForhéhgomangetofattheandf thet edftaeget arm
eamrecei dfrom.t%'et(ﬁﬂeMéVQSOto b
Ssé

andoRbFREF S5 hTe: SOTRrger LUBE™ |nsT6315hh PREOTAFEr Bice

Inapfie erbenemeatheameb&dniMed dbdahk embpanEPai Ll a1 44ata
passes through reference beam expander 58 and is

thekf pecredobjelef Erepeditdass mndtier Boasefomhed.

r ef rtion..of referen 8 passes hr ough
ot SVSrED BB haf B R SRR SEREERTT o PR Tng
thai Maoh-24nd&he geefletatyed fr &fleImE €2 beanl 1 BeMAcR- Mder

2007 WP 2004/025?68,ECT/U82 03/ 028877 12 passes back
betRP§EgRT - &F&r EACE 165jidet iWe HROPSETY r ahshi Yieeld- by

Ze%_@&%r eAcerbeamrRlicty e, 160, Href %f&‘l‘i@lé&l@eg\eﬂﬁllﬁgﬁa.”?A'(as

~directs the beam t owar d beam conbi ner 54,
il¢vumbirabed| LghFIEUSEH tlhe tidr getn dren apdrébiatefietbacethe

arm.5 and directs the _conbi ned beans di gj
Fo R Raar 8BS (Enore AR M=t PES o5 bt okt RS2 hagan
bebgudhgtlabedata thhagletbe o ecidlesde thagsghltrd-aggdhor
transfornmed. _System 40 nmay use a Mach-Zender geonetry.

H1EHRPARFAGT BhdONEC FAZERtePSRRbTR 15T 8F £5 CUREDS behind
taé%@k'6gjQ@%vae@@e&at¥gan§ﬁH§QmQéwééﬁ §éP§é@r5£¥eEine
the geonetry of a Mach

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 wvaried from zéro to
the Nygquist limit of digital recorder 56. Beam combiner

54 may be closer to digital recorder 56 than with the
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Zender interferometer) with the M chel son geonet r%%ﬂsmﬂ
Wi Ilysgjated in FIGURE 1), it can be appreciated1t
O 223368 s ng lens (e.g., target objective 5@GTHUS2003/028877
FIGURE 2) can be nuch closer_to target 20 because
t hrough-t he-1ens 15 i 11 um natfon all ows t ar get
beansplitter 48 to be behind target objective 50
rat her than between target objective 50 and target
Mﬂthdiésnagéomstf@rgﬁ:nuaastc&brap@ghuﬁgin higgbmetries
Caggification_obéectives to be used to oo% at (and
Schrd $OPBYFahES of oSt e oBPaELS. hrdparamyé sobedass
#ihes 081 ghpa ORRLI V4, iLhl di .
R e 2 B bR s =h Y e | e
adliltareg i oihe ¢ombamird sTndke apprwekat etief bbyeELGHRE 2

t hat beam. combi ner. 54 be Located close to digital
ﬁ%ﬁ%ﬁeEEES%Tam%QﬁﬁH%%ﬁﬁgﬁ%Flgi ﬁagaESﬁbWﬁEhPéfeféﬁééng
dreamfisc antr-ob) Bed 2 Heanr68ah8 bbhHELNBLENdI gbt ab
recorder 56. The angle of beam conbi ner 54 may be
ey QT 1helisitaencecanderobfect Théanslapws much

E4R6E | Yo g0: L1 NneaL i neral-_strike digita
recor der 56$at aﬁréﬁgiéﬂ?%ggﬁé gﬁﬁ 8chogfgggestheln

freetter ody meay ave i posdiblngeso averpr edacadgl FhbstrbbaWshe
30 the carpier fringe frequency to be varied from zero

5 QIR TSt Z$ T M UP df° dF BPt BRXiBEBr gBle6alBewRd by

T Shemo Sl dprsi dhbhol LeSCAgaE0 Lhok.c

TrenussreIn 3p D 288y hetkradyoe | bohogeemeekryeedingeaht for

TRAY tries ..0.,.geonetrjes where.the
ML oSSR SR onher Baet b GeP e odeng
thle adigi¢ atagdrer tcreadid uatidwshthe seaDLAIPILFRII €

het ween the_object and 5 reference beans to be
Bt BTy JF’alr‘lg%e Vit ot SR@siERAg CRRELSBotEeEYBRTY he

Yesfgienge ansh ol egle heaw®; 49 EerhQﬁgfﬁeﬁﬂgﬁégp'ét o
digital recorder 56. This allows nuc T her controf
loveren oty feqmpuagtybyrthgediginal 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 hclograms 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
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fact it my be possible to vary the angle betmeen &%g
tmp_beans fromzero up to the maxi mum angl e alllo 2007
Wok?ﬁ)“‘/oczh?&sconst raints of the system without thePSHXSR4P/028877
carrier frequency of the hefgrodyne hol ogram
exceeding the Nyquist frequency allowed by the
digital recorder (e.g. the angl e can be increased
until there are only two 15 pi xel s per fringe of the
SPELE aﬂlS c%x‘ﬁr@mehfean@ﬁéye ngagYRgTeRits tangie e

x?é’zaff élﬁ%ﬁés 38“§ﬁ%¥néiog6r)'fv\%%% 18Yd Céc%]r}e{?onents

recor rgrt recor
aﬁﬁﬁmﬁlyesthetGHX|Hmmuipaﬂyaltharabdﬂlt&requennyr@fthe

the holog not ,be reachabl e because 20 the | e
IF@HS rﬁy%éaiéygém@ﬁéaaﬁe HaPTOe & dMeieio n%o

?ﬂ@g?@ﬂhgcngn Lange-operhap akdihe il t&¢ the

recor or “sohe geonetries. In Operation,” systens 10
sumbAMbyagtbea§u6tabbmefphysneaor@hngg&ndsﬁqﬁ&g;ng
holog aphic images in real tine 5 or _storing them

%§eraTérr°5&a§EFPé§90f 4 gl raly =t ot racted

hob Pk REBaNBYhEe MBdecte sLBRLacR 1Rl ogr #H Lo NMOtd ON
pi cture or the hol ogranms can be broadcast

et ket kane cal p}wﬁmaa epeaguaeTgtemdt Ehsi Changr ovieles the

@8&8%2?192{1 Ee& %E%Q&QHE go?tQ%alS't%c%el%éﬁ&ﬁm

|tu e an W t h phase
gimeratyy pnepobgeonabahobmamem@ag@w ard soptileal olppedt to

a5ERhp o B SShihRACe ot chp SabERRLsEE e Uk
PgéySaQOﬁégééwsz L4 tSehye a3 4R Y HY eLd Sfective

measur enent tool s veirifyling shapés and di nensi ons
bblppeansi onTeonpamé)nwouSQszsmaue@ pitase Simhaesy,

t he b|| tg_store.the al Qgr ay ital
h%%deéteﬁ§ ngVI %h“ WEFE “foreg‘%ﬁ%t%ﬁXé&S in the x-y

bmhﬁgraEBEOgramerbhb@ﬂﬁtb¢ rdolcagicanm tofmde tisanmeone

object, after sone physical change (stress,
wa%elengch PRy ge (

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
twe 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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WOS 4}65’45?4‘9 a physical nmeasurenent of the chan

tenperature, mcromachining, etc.), may be subtracted
fromone another (direct subtraction of phase) to %2 h@R 2007

10 phase change is directly proportional %FE/USZ"03/028377
vvavel ength. Sinilarly one ébject can be conpared to a
i ke object to neasure the deviations of the second
object fromthe first or master object, by

spablaactragubhe E@Spacthte o JRIRIATS - J0 1 vab1e b e
unanbi guousl y measure phase changes 15 greater T han t'Zhn

ipagine gyprame over two pixels in the x-y plane,

hol ogr shoul.d .be.recorded at .nore than one
vvave(?e%gfﬁ &0 Sy %OlgnBC’Eﬁ ﬁf’&r?oltr?e TH s FHLH dihe

hoBsgl&bh o8 mliagetsalasr 8COr gebse HChngs M HRO [CANES a5 o
verg smal| 20_angle m xing of the hoI ogr aphi ¢ obj ect
%

CWRgA+BERF eAREL %ee&ayeog ConirePdgyatt e camgbleectehat
of?éﬁﬁé? L8-8Lab8aghvel WR: B?XSI phidEe frEFgf and 21 and

[ east two fringes per spatial ature
whesel Vedht dmageregrofiithe obj eeblaty tihe drex rrdglnglmage_
Tlt(x rrera% %ane and Fourker transform 25 anal ysi s of
ReCkpatiar | yORrER- fPegGBhEY SReber (‘9’67)?1%?%0(% lfba”mﬁ)

habkegerams e wEkeuht whesshhkerko Legord
pl mages (eég | rrgge‘sﬂ W th b%trts the phase angg anpl Cltll,ré’\t

OF eé@@@}eﬁrfbaSGVeW pegdl Fo A&@ﬂtarvonal 1y, Branreapardite an

- be d he_back focal l.ane of one or
1%5?8 n%%l’lenggégl nvoI’vggng SP&euS 7§ %?e%’%ﬁé& G¥bining

tpeeyeplayaal ambogsof iany sf b@@@emlce%dﬁlmeé 4 hanLanior
resolved by the imaging system No aperture is

ﬂg%Eé%iry By SPPtinEONﬁ VoRETL NG 2004/10255688.ng a seri
oPCG, 034028874 thT_
E &5@@9 Y 88 b E%gbéép?%e§br%{@ﬂﬂsﬂ§4ginﬁé]qgfign

obj ect are resol va i magin
Pieeorded, Pinrs posseblamapesertisedirgapadylt heecorded,

tH8§og£§phigolggg%*oa%cas@ Rh%se_ad.amqégéﬁk% ;(¥§%Pn
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 pnase shifting rather than he:erodyne
acquisition of the hologram phase and amplitude for each
pixel. In another embodiment, systems 10 and 40 may use
numerous different methods of writing the intensity

pattern to an optically sensitive crystal. These include

)_l

using a sharply focused scanning laser beam (rather than
using a spatial light modulator), writing with an SLM but
without the biasing laser beam, and many possible

geometric variations of the writing scheme. In an
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5 two-di mensional display or to replay the conplete
original recorded wave using a phase change cryst alanﬁR 2007

white light or laser light to replay the oriél

and w
WORNHWRSS68 The original image is replayed by w iRGCTYSI003/028877

in the phase-change nedi um wiléh | asers, and either

white light 10 or another laser is used to replay it.

By recording an imge with three different col ors of
L@s88r; &nch comBiaL th | a imges, it is

possilbl e to rraﬁgaglgtn}:ue-%&%?%?“yﬁgﬁ SGram’ gAY use

et ¢nubussynw bt iveg caydtaepl @yplea rgeldmsi cf effects
images, it is possible to form hol ographic notion 15
PrFurddn PRRES fBEEIENEGe STEAE Sditgla &1 §E ragtsratedgrat ing
theyecpdy at 80 Re1bpeadcasty Wiyt i hag| 9 fhgquency (RF) .
waves (€.g., mcrO\{/:\I/ave) ornosler ua |eg:i t“gﬁj neqnv\e/)oé%é' os)fys’t“mS
¥§ perds 9 eapl essusi Ngrsuttabl-eidisjiddalsIienaedidieate the

t nol,ogy._and replayed at remote site. This 20

@l et el 57 ar Tbite. hg’r\éESngﬂgaflPé‘rllé\ﬁ i NARE AR ivoRLte
fetitinm Oty Hoh O¥eshoRe" aRy shens 14 ,and 40, ey AlSo £,
be enbodied in a nunber of alternative approaches.
THlanidthncee B94PERaMI0 and 40 may use phase

shi ftdhggdatpepgh te ne 25 acquisition of the
hol ogr am phase %%dggﬁg?i’t%g%¥f'§rs g&c ® itelmay] jpe used to
conridiey @riobexentiagsysbbnaihedameoA0 thRY iR object or
nunerous_ di fferent nmethods of witing the intensity

B FHE TR PEYEAFRY SBRRPEI PecErystal thFh&seget or to
doNPAe cohgd Nk a1 RRGER| ¥rEACHS8E 363RNK 3er hgam
(rather t?}hzé;} 30 usi%g a spat lliaF I?g%t% rl?og% egtsdr)ti,en

AT IRR i IS eemSLM band 40 t eyt beheskidasiongdg@sele an

/ n Ny. POSSI e eonetric variations of the

fﬁ% #Lé% 1%;8 on.bh c g | t | | -y

Wit ng schene” “T i an- 22" MARS 2601 2B=2084)- 02568 images
RCHHIS2D0 D287 71 od 6t 26dE t napahaeBbedkABRL., raustonE; .

A0 and 4Q my use J_OEtI cal Ig sensitive crystals

éﬁﬂ%ﬁﬁ %pt?%%?ebf gcpay De 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

cr

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
Lo ensure that acquired complex images may be accurately
compared.

The present invention provides a solution to

corractin

0

the aberration values withou: increasing the

time needed to acquire the complex images. Systems 10

I,_\

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

e - . N ; .
different locations on target 20. FPirst, the aberration
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fine-pi xeled SLMto create the intensity patRE/¥S$2003/028877
t hereby obviating any need tld wite the intensity
pattern to an optically active crystal for replaying
the hol ogram As descri bed above, systens 10 and 40

b : ' bt ai ned
P TR s ey Bt S eBg et 2
dilidegenoec et weert hd avgetimigd®d h£HNParLl cONPLteNeen the
i mages fromdifferent targets. In addition, systems
dpG SR e ﬁjdyv*l&e% usét CTalHIG SRerrirhege Yabues within
t@le§ BRrentn: ReAINS AN JANYEIo20nayT Nee | DBOES: 18 %&dtgﬁ
different | ocations may have simlar Feat ures. or
agrarplte ont dugett iz may e aaleniloorsiicior eaferof hate

i ncl ud [ tipleJnstanc of,a single die. In this
SEIERSTS, SIS 10 A 4 iyl e USeR R 6o Db AR RS
acophex bymages <afs a sper/fd.c @ empeachepiciherfie.
Al t hough 20 the acquired i mages may have sinilar
ﬂpéiétr&ﬁ%s by mydiigiating &ty & omhe adlrsrieign, vahees by
If st .rd r.at.i ter ociated with
R g omr R R LR RPErh Ry e
fdawse ccdmpﬂ_@ad inegre fed gataid}glaﬁ ftfk?é %&B@?bﬁié\@e@béﬂ@ation
[ es. The erration val ue, of one of the inages,
VBT or & MiduI R Be Qafdjtg?t apdifol echshiiBst h%@ma%@fgi jmrges
EYMHL X IiRARS WA e L WU AL Yooig9TRRl 8fagdhe The
present invention provides a solution to correcting
aomeagi@aratitet walalels witthanalleseasangpnhe b8Oweémethe

| ire the compl ex i . Syst 10. and,
e G RS A S o S Co TR AT s

idh fof érigmt fmecatdrons wmdarigeii 2 edi tisd , bé e

aberrat i 1 MAR 2007 . VWD 2Q94/ 025568
qagﬁpﬁ%§%8%f§?§§§§<%ﬁrrecting é%e 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. 1In 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 freguency 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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range may be determ ned such that the aberration
di fference between the two irmges has a val ue bet1V\ZeeMAR 2007

determined limts. One or nore aberration valu
WO%&Q)?@F#?J

the deternined aberration range may H’€T/U52"03/"28877
sel ected and an 5 aberrationiguncti on may be
cal cul ated for each of the selected values. Second,
the first conplex inmage acquired by systenms 10 and/or
A0 may be iterativel nodi fjed by multiplying each of
HRELFRHICRT DY aF (5 eBymaY he f ria@pV@érramefqum@er ispace.
releve ;N g e r Om%ge dor
ezfgh oC%&t %?%ﬁ%ﬁ%?egégbg?%g?lé%ﬁh 5 ues%?('llh , ea(ch
rmwam nodirfned He rsemwaqbl BX Fma.gesr PR dee hearaieedach

thel%:second conp % %rl n that
& et e%? earfint nB@tWé@F} f”ﬁg fGugplex)

gﬂd@jrﬁom exnd Mpgei andot he second conpl ex i rrage 15 in
a high frequency range indicates the best

appr o¥iiTa it fa?senpt eers njhehethbepratifor tai fdoemmom
I e 0 n, one_enbodi t he
Llglreeoce ure ?r]adgi@cv& %é g‘?gﬁ ?%éngsf PREr 28d ge Sn of

dailfeferratricas \wémeselar @mﬁlaheoﬁbebtat beau¥ali¥e the high

determined 20 jnitially. In another enbodi nent, the

T oREdtTe TREFRT FRFPHRIBS ugbaggﬁﬁol@ewstems 10 and
it d QNS b S Erat Q

R ey Bt dF Zcoarerne RS Weitia,,

hetovdrastt lep proxi freedoascy | @oaddnEnoB bcﬁ aber reatripdrex

val ue dj fferences%(getvvee ui red. i mages, other

(RS Ut St PER e n’é’égmrmv;o}a‘agggr?ﬂ‘s%yst % CRFRERFate

7D tdrad dﬁaﬁﬁbﬁrtéfﬁéﬁsbégsOQQMEeknmhpebocgﬁyf@&d to the

i mges. The artifacts may be small and may oCcur in

FHelQ ¥ frleruerylesnponeass oThehzesoap! exyi rawpes bel msed
g rasts ge we skmilar .obj ects are

a%g tynglﬁcajlzfji{égl [ gaglgée gﬁdg%ﬁ\%uslf c%)ln5| grajgrfas’ I o gfb

dogtendatezpiency spat chhngespofenhs. shetetandard i rrage

processing, any artifacts resulting fromchanges in an

1 2 MAR 2001 :

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 waves. 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

trangform (FFT) of the image wave ¢4L30 may be written as



WD 2004/ 025568 PCT/ US2003/ 028877 18 i mage processin%
system nmay be renoved in Fourier space. Artifactd MAR 2007,
WO 2004/€58dst i ng from changes in system 10 or 4O'PC¥RﬁEM§hzs77
cannot be renoved in Fourier space because each pixﬁ
in Fourier space is convolated with the (conplex) 5
spectrum of the variation. Using the assunptions that
the artifacts occur in the |ow frequency spatia
conmponents and any true . di £-f erences, between sim |l ar
objectis/occur i he  hi rgquency| spati a
coﬁgg gﬁﬁsY éﬁgﬁggg'ﬁhygg@ﬂé ‘h@qg;E 10 40 may be
approxi mat ed by conputi the di fference between the
| ow frequency conponents of the conplex inages (as
conmputed fromthe hol ograns). To conpensate for the
wheiandesy g2 ¢ oW RS Iddfla Ty De 2APLhedrb@ ¢ pane
ratio of "the conpl ex inages. e resu nmay then be
u (-0l iyve or.on ene-of the
andii&%@??%ﬁ%é%rgi %%%hég%gé1§§w§h%tcﬁa§gége5?nphe
5 abemsysibon vadbhdSemati cad HlesHbPttoni 6h EHARcEAY¥ENELRN=aAL
digital direct to hol ography system such as 20
of WistapkedOedngdb40rapayn resbrdss ewadalFFiompiceX FRMages

oo NOLograns in the plape of the digital recorder.
resl e L B D By R Bhaacrer fowa Ty Y omid
traofchoat esn Gresrt be deecordedehahRdnan®etrhe ieenpl ex
.1 mage waves of the recorder plane nay be conputed or
difZerencdnsPPteed BYMabpt yPRgIESRGIcEdr imegest oam tleast
10 twotfﬁég&@”@ﬁé&l&”B89c$ﬁ¥§§e§The Fourier transformof the
waves, as reconstructed fromthe hol ograns, may
cain adme embpianattc apetemt Lonandgaeh 4as male afdaistre
order_ aberration tery1focus. EPr exanpl e, the Fourier
two PR bRk f HFRTEEFY) Lor) tared i Haghs Nave WRERSY) rhey ave
intvvritten 1 2 MAR 20071, VElzogﬁ/025§681
WUSZ%?)%?B}Z’g%J??;ranSLorm may be applied to both and

written such tha:t their actual aberration values can be

15 separated:

\ ; !
FFT{QL/J.(,Y, )))J} = FFT{w}(x:yj}eXP" Z'Zj(q,rﬂq‘)')_]! (2)

AN

[ ]

,

( [ . \
FFT{V/,-H | y)} = FFTV/N L })} exp{z,tj+l qu -q, JJ (3)

20 From these equations, the aberration differsnce between

the two images may be described as:

/

, ] I's R A
FFT{@J/ L yj}/FFTﬁI (,//j.l\ X,V )J; = (

>

J+i \

L
eXPLiZj+1 (Q.\- g, )J / eXp!;/ﬂu/j (f_],. -4y )jl =

\,
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19 FFT y/1 x, 1,31 = FFT yr'(x,))J exp ix(gx,
(1) where i2 are the coordinates in the Founeﬂ& AR 2007

WO %ﬂggy.l% {X, Vv)is the conplex inmge wave at a q"ctr 2§¢€/028877

erration value. X is the aberration function
each of the selected aberra2don val ues, and FFT and
| FFT respectively represent the forward and inverse
Fourier transforns. In order to determ ne snall
aberratton differences between simlar or identical

I mages, | at ast s shoul d be conpared. In
one aixp WEE% st/lerF},Oq kor 40 may acquire two
conpl ex| i mages yr} yrji+, (x, ))) , where j

is an nteger. A Fourler transformmay be applied to
bot h an witten SECh that their actual aberration

val ues n be parated: FFT vi x, y ~ FFT y/ x'1)
exp a&xp| %xqv(‘(lzﬁ

T yrj+1(x, i, = FFT V,(,+, X, Yy
exphix;#i gx q" (3 20 From t hese equations, the
aberration difference betvveen the two i mages may be
descri bed as: FFT vv. /FFTH\/l I x;v)>= (4)

) BEd (Usyzyog)e(ﬁ[ oirzsér%ﬁé Tl ] e zogggl\ﬁge

g X ,9
S\%A%l(el?g%y%l aehl(&(yﬁ +l)m‘—ﬁ<§ {/;“&y#vr |¢r%%eak?7 % 7(1%1 does

efebcigl ule 2 )s 51 B2 dignd )l o

the aberr Qr‘oéa #ngkct Pon%%(qlglq (ir?‘a &WngSdeB]ﬁ cl%/cl)"’ﬁ’/eve*'
f@?cg%ﬂfyfi ﬁRﬂﬁ%ﬁrwyjAJJ~«th§gﬂ, the above equation is
a reasonable approximation. Therefore, if the difference
y/M( A_,qy)—-zj(qx,qy) between the images y/jﬂ(x,y) and y/j(x,y) is

known, the first complex image may be modified to become:
v’ =IFFT FFT(WJ.)*expi:iAZﬁ,(qx.q},ﬂ (5)

which is v, at approximately the same aberration value as
¥, - The step to remove the aberration difference
between two similar images, therefore, has been
established by modifying image ¥; to match the aberration
value of image Vi

However, the above eguation requires that the
aberration value between the two complex images be known.
In one embodiment, the aberration difference Ay ...

S

between images yQ(LJJ and yQH(LJJ may be calculated. 1If

the images y@(m)ﬂ and ugﬂ(xwﬁ are similar, then any



10

20

30

for simlar images, yrj(x,y);z:~yrj+ (x,y), the
equation is a reasonabl e approxi mation. Therefoﬁszﬁﬁ 2007
WORHE/03i %8 erence W, +, (q,., qVv)- x; (q.,, qy)rPteUS0EIN28877
the i mges u;+, (x, y) and mﬂé is 10 known, the
first conplex i mage may be no |f|ed to becone: =IFFY
FFT(yr,l *exp gs,gy, (5 which is yr, at
approxinately the sane aberration value as jr- yl1,+1
dbeestep doffeponectheyaber eahlovsei fiffererca wdetMRAE are
two simlar imges, therefore, has been established
BYTRBEEF YRR nﬁ@écwnaoaﬁﬁrgﬁttlﬁ@ aBdiyesti oThidl ue

o LBOIEY md MEDrcLie 2BOVEEAYal LA Iaayl res

t hat e 20 a errat| n val ue betwe two conpl ex
$M®@@Bub@skh@@ﬂuselnhenmaEnhmdgnabbrrbhéxﬂb@@ﬁmHSNMay
difference O etween i m (x,),)

T (R v HebR heb S5l BT Al BRETEPha CPriGabi (I} TSt

e HI Mo &va, afﬁestﬁhéaﬁbe29381QBYV£l%eN%Bs%p% ovies
2004/ 025568 PCT/ US2003/ 028877 21 detected différence

Hay bessnmpteltbetvepe the images and reowparsednisiusly

It chi PQ @pgrration values. This assunption may be
InporTan or highly periodic structures because the

mat chmgt}a@edeatrone&adawssamwnﬁsoctwé albes RN
eriodi c aberration val ues. cas however,
hef¢¥ercabestuespBnivavyae WLQBy @nﬂdeSHzLWé eyt be found
mat ch between the images and_remai ns uni quely
Wil f# abbleen | narde DescWihdd eﬁbodhﬁeem@odﬁhent the
aberration 10 difference between images VI ; @%
R YFphaT (0P Farhgn pBaY oBRde Wi ERiEn C&d§T Qﬁﬁ%?éon
$¥fi s Kols] . ThNcpNe epbogifient, the -BALLLCUIR!
aberration may be a first order abérration,  “such
fwresionn whthoenb@drnﬁﬂt;onhendbbenagl&mlﬁ@n@brom;gh and

¥t howds deskyat Lep,gnd.bei pg yalkd for high and

Z(qx’q,v)z(zn//l)Az SQ’T[(l—qzlzj—1] (6)

or using the standard equation for focus

2a.q,)=0Cria)n ¢ 2 (7)

where A is the wavelength, Az is the selected focus
value from the focus range and q=sw¢@2x+q%). 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



15 low angl e scattering, may be given by %q ,q,.)
=(2rl /A z sgrt (1-9g222 1-1 (6) or using the stanH%er‘R 2007
WO 2442356 % for focus 20 x~ga, q,.)=~2zcl~)d g222PCTYS2003/028877
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where is the wavel ength, 6zgbs the sel ected focus
value fromthe focus range and q = sgrt(g2x + q' ,,)
In order 25 to determ ne the actual aberration
di fference between the conplex inmages, at |east two
aberration values nay be selected froma
predet erm ned, range. The aberration function
associated with each, of [the abe tion values may
t henybe =cHTRTR AR dﬁgbam udfq;nga cal cul ated 30 (8)
aberration val ues t hen\be s tituted into the
followi ng equation 1 2 MAR 200 ? /WD 2004/ 025568
PCT/ US2003/ 028877 22 y/; =IFFT FFTI yrexp ix' (q" Qq),
(8) to conmpute an inage nodified by the aberration
td unohpone &nEanhgeonputiéd eabérr atieornabemed i ioh nyndeion.
used to conpute a npdified i mage and each of the
Eaoi ??@Bﬂ?gﬁg@’eeﬁﬁwwn EORGATET Wah Rherssrhde yrompute
a (Nod¥¥iedl Ohag¥agRhCeaby oEOMNY iih NG Y AHANGE by be
+i of the expression: 10 A" ;,;+l (XI I = var nod(yr'
cpmpaifdlwichOyhe Ohmagr' @ Wt v)t h€csnmehileegtle)' by +i is
determ ned, or by interpolating between the two
compht €8y vakuesribhee abglradf andi &kere86eohs now
known and can be 15 successively elimnated. The two
waves to be conpared finally are: |FFT FFTy/i exp
ix"'o(gC q) (10-) (11) Y1;+#l (X)) 20

NLﬁ{f)=VMLHW{W”j/WﬁJ} (9)

Once y'o with the smallest A'j;n is determined, or by
interpolating between the two smallest wvalues, the
aberration difference is now known and can be

successively eliminated. The two waves to be compared

finally are:

wv''; = IFFT FFT(WJ.) Cxp{i;glo(qx,qy):l ; (10)
vl au)

Since the aberration value for the two complex images is
approximately the same, the images may be accurately
compared in a high freguency 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
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Since the aberration value for the two conpl ex i mages
is approximately the sane, the inages nay be

‘”OgﬁﬁM? ately conpared in a high frequency ran%? t 52 MAR 2007

TWhe if any actual differences exist. BFT/US2003/028877
adj usting the aberration 252¥%al ue associated with the
first conplex imge, the second conplex inmage does
not have to be reacquired, which 1 2 MAR 20011 WO

)4 3/ 7 decr t
T%%%§ﬁg§%e§ﬁéo oﬂgalggﬁg ﬁenﬁéd e §§§S§Poﬁ$%aﬁ§
1ﬁﬁge§¥frbmcﬁatgmtab@ve artlfacts caused by system

speci fi¢ cha qﬁ% may distort the actual differences 5
bet vige P& FeF 1 %e%b ThesBT Sy SRERSs FBEFERC PYhEN§EST hat

S OLCULL DRIUEERL | v0; SOTPL CXnLTBOES A1 VL EALLY ae a
spectrumlinmted to | ower frequencies, € actual

betif¢ar ernteesiteyeawen T@ﬁg%tSQ@tamdSbbelﬁésubhaQQes that
m hol ograns_are t |Q§II% gcated in the hlgher
3 SYUehci BT B generaf® tRBIESnpYBr Phagebave &

spddoayn BREL tEd s X1 YYer aBrefBEARSEEUChRE ERAMLEREEN
respective hol ograns, may be descri bed by: Tu;(X,):
d§_gﬁrgg@ﬁ$ Dgpwqgg thgQ¢ 3p egd Vﬁ r@gultlegp@pqggrams

2d) a1 1o S aefﬁegﬂst 2en %gr%gge BhEXeey) 30

g&%@f@_s;l@@owoaq%leyt imag‘és (&3 kag ) +,§ vfxpgéer
(14) where a,, exp(iws) repﬁesents the’artificia

rehengerbet seefirot henewo rengesteaused]byrhhe, changes
|n systems 10 and/or 40 and ai expkof) - a;
%%(%hq@)?hdlcatl ng the simlarity 25 between the two
conpl ex images. Since the artificial changes are
limted to only |ower frequencies, a |ow pass filter
may b@@@pb&ugdmﬂmaé ratio of the first and second (12)
conpl ex images as foll ows:

Vin (}‘ y) i e}‘p(l¢!+l) (13)

The difference between image w}bgy) and image VQH(LJO may

be characterized by the expression
yQF,@,y)=:a;exp&¢;)*axepr¢x) (14)

where axexp@¢J represents the artificial change between
the two images caused by the changes in systems 10 and/or
40 and ajexp@¢J ~ a}exp@@})indicating the similarity
between the two complex images.

Since the artificial changes are limited to only
lower Zfrequencies, a low pass filter may be applied to a

ratio of the first and second complex images as follows:
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(x, y) =1FFT LPF FFT w; (x, y)1 Yl;+, (x; vy) (15 AR 2007,
wo Meeosses (X, y) 1S the approxination for the argd ﬁﬁé\)@ﬁnssw

change between two i nages giysed by any changes

systens 10 and/or 40 and L descri bes the | ow pass

filter. I'n one enbodi nent, |ow pass filter may be a

Butterworth filter. In other enbodi nents, |ow pass

filter may be any suitable type of |ow pags filter

that transmts the ljow frequencgy co S associ at ed
Wit hy, é@ ;tjnemm ILPRAFF e%x 3 wrtlxngj} j (X, y) and)

er+ ' y) inlthel abpvé at'i’d ildes the
following result|{ IFFT FFT | a| exp i 9] | a; +,
exP(i(p;+1 | * LPF (16) !/r, (Y y) = 1FFT (ai

ai +ti)exp il(pj I - rpj+1‘)(~0 h - ~pj+1h * LPF 15

where LPF=1 for | M/frequenCé conponents LPF = 0 for
whene hygh 7t efuehtsy TJHoRTAR lo{lo Qﬁd thprartificial
respectivel re resent the Io uenc onponent s
AT TaRRE YRR WG TG [ REGE UYL ST CARY SR s
?é@o@' 10 arrci/ds:_esp@c&maeww apeeseMes 20t Nevhiciss
re

quency conponents of |nage w (X,y) and inmage yr +,
fiktey) . ITheng opRESMERT i edOWt Beyset drid tedl imAvhdtes t

olalegrh £ ptenon cOMPRSLE R sggl ated ) Bl
£ POIEUSRA03HO288y 7Tsu2babhe typgesfsuchy thals &illaer that

frequency ration is obtained. The result of the | ow
CHaRSMEF Pt BRe | SOUSTFBFTBREY rFompapents) 2gsqaatgdwith

tl)lgxgcqulhéd~ﬂnaé59 'leisgg‘z)wng v;(x,y) and v ,(xy) in the

above equation provides the following result:

L

y/A,(x,-J,): IFFTiFFT ILaJ. exp!\i(pj)jl /{aj+1 exp{ ignjﬂ)jl * LPF; (16)
Wx<x’ y-)z IFFT {(a la;,, )exp[i(g,,j‘ - ¢j+11)(¢jh _ ¢j+1h)j” « [PF

where LPF =1 for low frequency components, LPF=0 for
. - . 1 - 1 ar
high frequency components, ¢, and @, respectively

J
represent the low freguency components of image WJ.(x,y)
. h
- - r— T <y
and image t,z/j+,(,x,y) and ¢, and gpm respectively represent
the high frequency components of image u/j(x,_y) and image

l//J'-H(x,y) . The low pass filter, therefore, eliminates the

high frequency components associated with the ratio of
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5 where yr..(x,y) represents the artificial changes

Wogresent in systems 10 and/or 40. This result mayl 2 R 2007,

R plied by imge Vf;+, (X, y) to obtailTHe003/028877
foll owi ng nodified i mage: 10, M/ i+ (x, )") = V6Ii+l (x,
y) * VIx xx, J') (18) vy. +7(Xl y) = a;+, exp
i(IPi+Iu + P;+11) * (a; / a;+1) exp 1(Pil - (P;+l1

+, J') =aexpi((p~+t~ h - P; The nodified i mage
qhﬂﬂ%ﬂﬁﬁﬁ&lﬁ&dh gﬁuﬁreqdbmmyfrequeneptSatiénoﬁsl6@galﬁed

d the . lLow.frequency_c onents of _imge u;

I((HEB% such th tthe\/\,hléwci:HaeS fggﬁ i freg® f@ll@m?pared
with inmage yt1l(x, y) only the high frequency
conponents of each inmage remain as follows: 20

Vil x, y% jﬁ|(X yhN (19 ai 9;1 + (0;h) = aj exp
i1 RdlF qu)g)@ﬁpg['l-(ﬁjusi cps+: 3 I 1 2 MR
200?, WO 2d04/02 8 PCT/ _p03/028877 26 where
Ayii 1+, (x, y) represents any actual differences

between images yrj(x, ))) and w,+, (x, y) . Thus, the

rtifi i I.\C re by syste 0 and/or 40 in
e o Bl RS e e SR P T i i Ry PBRSent Ln

icEzat @d asHoR -t hat t diff renc S bet ween
S?Ise t wo cor?‘p gxrl lrargges&@rrlé% gﬁgéé{giert ern¥ %o‘ﬁ‘bﬁ%ﬂbled

biyhe maiggh uf [, €qwency cbEROACRLE Fol1eARMd é&%%g%:
i1l ustrates mul ti pl e conpl ex i mages ach|re y
systenms 10 and/or 40. Specifically, image 32 10 is a

conpl ex ge frromone | ocation on target 20 at a
flrsﬂﬁﬁ$ﬁn3_¢éh -%hd’ikag 34 is a conplex inmage ftom

anot her location on target 20 at a second focus val ue.
| mage ,3 ij the co ex,i mage Yepresented in |qage 3
WJ'+l XV J+1 €Xp 1 ¢j+l + ¢’j+1 j ’ (aj /aj-Hj €Xp| 1 ( J - ¢J+l

N
w,-H(XaJ) =a, exp{ (%H + cv,-‘)}

The modified image includes the high frequency components

of image ;zfjﬂ(x,y) and the low freguency components of
image t,z/j(x,y) such that when the modified image is
compared with image (//j.(x,y) only the high freguency

components of each image remain as follows:

l//j(x’y)= l//;'H(xay) (19)

. [ h .' o, 1
a eXP[l(fﬂj + 0, ﬂ = a; exp i 9"+ ﬂ

L - | 4

AVjm = exp[z’(fp," -
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after conputing and applying the focus differenc R 2007,
bet ween 15 the two conpl ex images. The aperture va I
WO ARE42E® obtain the images was approxi mately WTSUWA03/028877
and the focus correction isalid for high scattering
angles FIGURE 4 and 5 illustrate differences between
two conplex inmage acquired by systens 10 and/or 40.
20 Specifically, FIGURE 4 illustrates a difference
whereeary ; 1,00 ») omphbee seragesany tdwtale chipefsnenngsf between
artifacts caused by system changes. As shown, the
itmemee iynétydeandmyt t,i(phg .ar huact s Hehatr tdifsitaidl t deanges
i mage. FIGIRE 5 ilTustrates the difference i nmage as
cebawed byFEGEREME 25) arndfonppl i battilem bdwt hregoengass

filter desc;r be detail .above) to the ratjo, of
CPIH‘EOP\%B Scqui Ire@&% R m‘_’}% R0 . mlclhaet%(?t ?]I‘lgjélt gﬁat the

ab%h%qd%%@el%n%@y Ibethaaeschd tv&ysé&ﬁfﬁlé}@ andses 48y be
may be greatly reduced. In the illustrated

dem‘@ardlmedt byt kempaging whie ehﬂibt%r%m@@@y depepprearg of
defects that were not detectable in the inage
e?ﬁ "PH°FI GURE 4, may now. be accurately represented

Si nce 1@uiRE0B tlnadmétr@mue@wmmmlsxhaamg
20071, WD 2004/ 025568 PCT/ US2003/ 028877
agSBE st O FAFEE eent &1 ARAF e by ??ﬁ%cjaf)biz?g:&ﬂoﬁ“@ﬂe 32

tre,hea Ao%laas;r{agct & ot GHRES- 62 858 &R thlystrabeag a

| ow chart a_ nethod for detecting differences
fietate vcwenplabud ragesimage Gheial dycomplex image from

direct-to-digital hoIo aph S e _used t
RS TGN i%g%‘% ‘ﬁgt ¥? e%? e%eﬁ?céﬂg IRInE Vg’\lue
etz Angd deferdbmel &k 1rh§g@0ﬂélpf§§ehﬂﬁgeinha\t@g@’l)82
actual differences. During an inmmge acquisition

qﬁ’ton%sﬁs)mphmﬁ\a'ﬁge@lcﬂ reRhdy hof ofRaphycys st ehf rEpnGEc et ween
H@tt@ f&ﬁ@ﬂ% fa CEur agl e ofpLheyAE QUL 6 u@@@etoﬁor

exanpl e ogr aphy system obtains simlar
dbtegies tfireommames 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. 1In the
illustrated embodiment, the bright white spots are
defects and the defects that were not detectable in the
image shown in FIGURE 4, wmay now. be accurately

represented since all of the low freguency components
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di fferent |ocations on an object, each acquired inage

may include a unique aberration value. The diffedrai@ 207,
Woiz?fx‘/oé{ﬂé?ratl on val ues nmay cause the hol ogr apHRCEBYS0631028877

to 15 determ ne that the ac%? red i mages are

different, when the acquired inmages actually include

the sane features. |In order to accurately acquire the

image without affecting the speed of the image

ageqeisitefohapicodesy) alhigninfated Dyneiges aeppliedtiay bé the

10 ergglv%l ~adj usted such 20 that the first acquired

ima he “dberration value of the second acquired
i rrage—rmﬁhesmdﬂ faredl 0 ristldsmgeday fidencherdsed kLo
determne if the two acquired i mages have simlar

me&ROdr 8T &W%Mﬁ%%@%d@%@%ﬁ@%@é?ﬁ images -
G%%e%la@ W9><' matad- S G g, %1%5{1%5122 yQFEWeﬁggzge

frequency conponents or edac n or
us@d mewavquumeIomwmﬂmequanqyﬁndﬂpﬂnemépreéenheannaggsct
| ow pass filter applied to a,ratio of_ the
o igbg-Raand pe it i, BE wip tefanarrSeanssus any
alch@al Mages e ncepensatind Un thtafdhaneesi {188 process,

hol ography system Any 30 differences in the imges
gy IeRe Anb & hee thedasr aphyt rﬁé’sﬂﬂnghnaﬁy eptrewtythat affect

T RORS005Y 0 Bin Y oA L T sy e T5BP 0 iy 0

had@@maeha %WBﬁEm(ﬁhﬁHih@Id&ﬁkﬂéﬁ(mmd§égefr8ﬁ twB one
odlneng target 20 may be an el ectronic device

dﬂaﬁ@?@&Fe OFAGhEY iTorft Yahsrini RRCHra @yl Esfpeuage may
sinRalidi RO LR 3 %ﬁ.%u%h!éﬂra?{h%rprvaﬁﬁ ouprﬁé/ &%EH&PEE el B

anot her enbodi nent, target 20 may be a potmms or
ahannﬂteomnMaLmaﬂ;mawxnauﬁa1ﬁhﬁrnnﬂmgraphsubystametoln

other enb i_rents, ta et any .. obj ect
tﬁﬁgﬁght%%r as<E ?&Zlma Eﬁyﬁ%ﬁpé§en§yswgﬁ§

tb& am@uéQeBnumagystabauﬁ]ﬁy/fﬂ&m&&eamﬂelgaﬂénee§tﬁﬁés.
I’%\t osi'ta%e: Z% a% cst’lercaotnedlyg oanc;pc}u(:):LXr(—::I r[.argee lrrrr?ggg ew:. thout
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 acguired 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 frequency components for each image. 1In order to
remove the low freguency 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 freguency components.
J Y S)
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acquired fromtarget 20. The second conpl ex i mage nay
be acquired fromthe sane object to calculate a 12 MAR 2007
| 'ex :

WOQ&%%L%@% change in the object or the second conp
I’mage”

y be acquired froma |ike object to HaA4%20@3/028877
devi ations of the 15 second pbject fromthe first
object. At step 73, system 10 and/or 40 determned if
an aberration correction is needed to match the first

and _secgnd i_%ages. |f the aberration value for the
e

secontt 9 s WFtePeht PRafOt RBYaBEAMaticor Vdluss
damplthe idhdd rstoh MBgegeaN2a8Nt i ¢l pat.ed ik e
range maly bée dect)errri n%d at step 7%5 Tﬁe g)r?tli?ncﬁn%gt é:cf?rg“t
Yamyy gy Pe elpcedonhc pievioas frbdetetridngdowaldi@s con,

.ated wit speci fi.c,object or _estinations
R 1l SR < B E nbue: arowar dit ana/or
qphaipomes ke 1 dtienys Of DHj gedenbP 2BHOHIRENLD FORLRIOR (Othay
the actual aberration difference between the first
DG PEERINaHags, Tatitbasinekidiabenr RRkorrvalfoemeatayn a
e select ed L . - ep,._76..1pg. one
enbodi ment , ]gI\{/\oo&b%%'te T/@P%g%a%%;gbetggﬁggt 28 M2¥d Pgn any
gytearat edbraberemt ion diéémbencehaaymhe B hnkekpel@ted
ﬁ%%/ﬁ"%i ng the two best values. In another enbodi nent,

M5 & U e st hed bRrSeY ebPeUST AL YsEBPP?S, andach of
difergaloea ed pbesdat i on, val desonay sgd;
2001/ 025568 1 2 MAR 209' PCIJ US2 05%358%71&%‘520‘“” be
Feivdiest € zom abarget | 2. f URkti sacohd onepésRodmBe®Rt may be

t - rd.at | function my be used to calculate a
afclhlr%sltr%%gr er g%é‘? rsa?rp%ng?/]a?%% EﬁcﬁaggugﬁEﬁs.a Brysieg!
Aiingehd realiodl ot pstaber rdhé 0B EYAAT LORPTBY iRaBe HS6dpe
to iteratively modify the first conplex imge. ™ In one
EGdISTe ftEo™ FoukrerobTersf be nneagube dpplieedohs ofhehe
dddcsls eopplex rmgeandrihis gesulbt may be multiplied

by the aberration function. ThiS process may be
Aepdared3, system 10 and/or 40 determined if 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

r

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. 1In
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 seliected

()

and an estimated aberration difference may b
interpolated by using the two best valuss. In anothe-

embodiment, multiple values may be selected. At s

D

-
[

p 78,

each of the_selected aberration values may be used to
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for each of the cal cul ated aberration functi ons such
that 10 the first conplex i nage may be nodifi ed
ALy g y 1%@&AR 2007

woHbLd-Rig tinmes. An inverse Fourier transformna

performed on the nodified first conplex i magdHPEWp3/028877
each of the aberration funck&Pons is applied in order

to convert the nodified first conplex inmge back to

the tinme domain. The 15 nodified first conplex inmage
@5BO6] At €Ml 1 He 825D 8f, rration functions may

t hen be co?rpar ed ngtfi thé@gggﬁﬁ- cgﬁl’ploé%? ST e, the
glereraif hen alumbeioat map ber neetli €8 aklcshien 82, fin.LHne
ﬁ@gglggnwtﬂ lhenl mages ma% be conpared by conputing

e varPance br" t it HodErGR 8F £REUFati o of 20 the

modi fatedsEép S§o COPRL eXai ARYS: 8Rd Lh nd conpl ex
imge. At s%ep 84, the differ eﬁcgbﬁgf\%gg%q e gien may
SEiRM C5P chporiertsl bf mediefrotdhti Edrbir sbrgamd eXage .

%

i %Eg  second_conpl ex_i mage may be anal yzed.

H tﬁe cflﬁ Jp'?“elir?tg’nc% ¥ %uﬁ Y shiPPespPrPafPanbe Fopised to

ttiive §i inmege scomdhex aheigatad val ve Nsgd:t &Fgaho‘éukn%&%fiﬁlied
e

t he ﬂoarti cular,  aberration function is selected as
e St S P Het POt UBEE 1 ¢e- abBRiat boncessr eeli @e atpeated

SR £ X hefai sg, ed 1481, -gompl ex image is .
modi fied first c%%p’f%ggta'séso%}?a’tlé%@% WrPRT4RBERERCh that
tdiferiiatstorr b i atmagepnB3 padnoder new modiibed times.
pretelys ST ddTBge is conpare with the second conplex

I mage at- step 82 T BERY 3¢ Rarfanwedion MAR

TR0 £ A 2004025568 BCTIHIPO034 02887101, 30, betyeen. Lhe,
two images is deternmined using the Tterative proceggtion
LURE IS8 dtS PRl ek s surder etb widtvéhe thEBhbasEied

BAdanea 1 ARRl Rl 0L e, TLEST, complex | mmge, i
order torobtain the Todi fiedT rsthe gkt magéeat 5
mocgf 1881 first complex image associated with each of the
aberration functions may then be compared with the second
complex image to determine an aberration correction at
step 82. 1In one embodiment, the images may be compared
by computing the variance of the modulus of the ratio of
the modified Zirst 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 analyvzed. If the
difference is the smallest variance between the images,
the aberration value used to calculate the particular
aberration Iunction 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



After obtaining an appropriate aberration correction
value, the ratio of the nodified first conplex '”QQGMARZNW
WO ﬂ:ng/ozgtggke second conpl ex i mage may be cal cul at ed
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step 88. In one embodi nent, the aberration v£9I§§ﬂwyﬂm8”

between the 10 first and sedﬁhd conpl ex i mages may be

simlar such that no adjustnent. to the first conplex

imge is needed. In this enbodi nment, the nodified

i C I : y. ox i nat el. al .to the

S oel or e s e PR B ke hggadive

pﬁwe@@nt aihe artdfreect Sorc acssiage h:ysééc@_h@a@esvll th Ewhst ens
nd/or 4Q. These artifacts ma exi st in the | ow

3&€nc_\ya€&r?§’cﬁferh% WG4t e Weniipst icl@ﬂ’@é§xv\h'mlaee

l@nbr@atru@o ddanenaes wmy: Sxlsteip ; %OH@ eoat

frequency conponents. In order to F ect| er e

stig@ 8Ioovvfrequency conmponents fromthe conparison of

the 2Q nodified first cggplex image apd the second

conp ex I RRGET DD :???R?%ﬁ“ﬁa?bﬁgréﬁﬂPPeﬁoféecLlon

veheer athe attist eF Hhe |n%&rﬁ@dqb9§£§9n50m%lgﬁuﬁhgﬁe and
transforn1nay be applied to the ratio suc at

Eh&t P6 Rt FePHEgest mage W &re esaloul hbeflr ejuenep 88.
- 25 l'i ed
T¢ORRLN %@dﬁ%é‘!towﬁj?ﬂs%nﬂérlfaegl mer“-Sr gp 'ePoFFhe

the frequency dormain inverse’ 1o 2 (115

Fnaytthad se capyl icinglec dmeefds they | BW simeddens¥ch that
rati ck to the tinme domain. At step 92, the | ow

Bfr éé?aélﬁgy‘ Pkt %0 P e ShuIdaTRi e b‘}iaﬂﬁel§e§§ﬁded In
£GARP L% BTRES !, 0 (Y dkiai 3P apdifi gd, ﬁfggngmg R§§ be

i mge. By applying the ow frequency ratio to
a@@é@ﬁdm@@ﬁéWeﬁqudgéotdh&Inmmsﬁrmmmphex Emagenentﬁeotwo

%gg %ggpnd c Iex |n§%e are 1 2 MAR 200?

T 58@"‘5 é‘@éfﬁ%ﬂtalr%p?’é‘&ééa%ﬁhC?HéeﬁoW
chregeency emmmamanrn(ﬁhdﬂurf4qst ThaBgeartheanpdi hhpd
second co X e may then be conpared to the
eﬁ&&rfﬁ@d e gp (Nﬁ%qgcqwﬁnﬁQQRo%ﬁ%%sQQSSOC¢ated with the

images while 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 rario at

step 90. 1In one embodiment, a Fourier transform may be

V]

pplied 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 S2, the low

Hl

equency ratio may be
multiplied by the second complex image to obtain a

modified second complex image. By apolying the low

th

requency ratio to the second complex image, the low

th

1)

requency components of the second complex image are



In this conparison, only the high frequency conponents
5 associated with each of the first and second conpi @R 2007

WO };;P?)es. care conpared in order to determ ne any act ual
3 érences between the inages. The system ddi(@rus20e3028877

if the high frequency conpoagnts of the two inages
are approximately the sane at step 96. If there is no
10 difference between the nodified first conplex inmage

‘gp%ilgf o d conplex inmage, systens 10
and/aoér&go et {élﬁgn %g‘gt %quﬂ%gcp’ngggpog}e@@, Rl gheatfirst
istegre 98.THd modiff&&renesnd Scegpbelks N l&%gn then be

di fference m% be recorded at step 10
CESHTEMS A gRPA Db ¢/hyE bESH E@W@émondget ar waker o4 .

I&ﬂd:l’ll@ é@ﬁ&é&:@é@ﬁi %ﬁf@r&pgehggkmﬁgg%l gl?f gaorrr&a)ﬁgonts

indi cate a defect at a particu
> awﬁpé?rla#d hough ¢den priesend fhvent ke BaschgeRomp) ex

cr, W th res ect to ecific preferred ~
n‘% 5 l%‘erdet %“épaeb‘? B ERAET ot €RaAFBSnandny actual
dmduafnsamamnﬁedwﬂrbe;rwqgﬁggaeg t opgpe Lled jn_ the
rt_and it is intended that” the prggeﬁ?§£| nv%ﬁ Frpines if
S‘Hﬁébsl—sqj?}%firﬂtar@é@mmd@fl chti ons fabdesWathin

t
%04/ 02556 %%%%ds%% né% M#Mégezmogw\égl S:

10 d.i.hArm:tdmdbefm\reaietteret ina@ici fd@r £pc8E RELUeLED 11&9 Iex
.. .CO r|S|ng achIrIngaflrSt conpl €x Tna
ﬁd 8%§é éﬁﬁﬁFkﬁon@ ﬁﬁhg@“a%$p|?YﬁgemsleI@@SSOI 40

d%ltbﬁ:ﬁlﬁnfeo Lalartatﬂ}g3 afg f| Stg second_conpl ex
images to obtain a oW reqrfjencyrﬁl'{]g%’f|‘;t’)L Ao 198 ng Thea

dséésraneenpisedauragenby, t itnd ol A0 FEREHEASY BAlEO-dPGeg
LeQLgﬁelb%MIfLeq%EEF%n%o 1%Q$ﬂgs égrget 20 may be a
15 semiconductor wafer and the calculated difference between
images may indicate a defect at & particular location on
the wafer.
Although the present invention has been described
with respect to a specific preferred embodiment thereof,
20 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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t he second conmplex image with | ow frequency conponents
of the first conplex inmge; and conparing the 12 MAR 2007

dj fded conplex image to the first conplex inmage to
wo %@S)é’f‘%%gge if the second conpl ex image 1s natpﬁﬁrégs’(“%mss”

first conplex image. 2. The Bethod of Claim1, further
conprising calculating a Fourier transform of the
ratio of the first and second conplex inmages in order

WA et XetoWw pass 20 filter in a frequency
—domai . 3. themethod of Claim 2, further conprising

cal cul ati g st haw eff e doveceing angferahet st be dy iy
frequency ratio in order to nodify the second conpl ex
CHEH THSE ¢ i TRRIohat RF 4. The method of Claim 1,

sher Siccomnes 06 he, Bl Eed ARl g4 g L4 he

| ex
first conpiex i mage co S€s co érlgﬁa fi grcond complex

ifregiguency conponents of the 30 first and second

conpl_ex imar%is. 1 2 MAR 2 L, WD 2004/ 025568

PCT/ BE20031 6288 7Y $PH FhitREt RBd2oFaciai Af1fhe first
awde seiddrideduigsdx anhgsecondogegphey i gpoes. rise
hol ographi c i mages. 6.g The rre?hod oféc{lglamfl,“&ﬁurcﬁfer
Té&6rprii sing the 5 |ow frequency conponents associ ated

wi th the 88 +C | ex. i mpge. representing system
changes ﬁfﬁﬁg-%‘?cr%g%@cﬁ:%%i é?'ﬁ?%ﬁxs%‘?%ﬁ by "t B2k PHod
Trexqueetnc tiatg didd efaricese bebweehe qhn&y r@gﬁgoggﬁggs of
a

tggmrisi ng: acquiring a first conplex image an
ec o AP Pnadeg af el at Prigf ae@oemeer comanstotm of

tok &ihald eRfpide infa!IJseS,-t A0g second conplex imges to
obtain a frequency domain rati o;

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

matches the first complex image.

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
freguency 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 freqguency components of the

Tirst and second complex images.



applying a low pass filter to the frequency domain
ratio to obtain a | ow frequency ratio; calcul ati n,gz AMAR 2007
wo hddyRssge Fourier transformof the low frequen
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C
to convert the low frequency ratio into a 28 C%q%ommssw
domai n; nodi fying the secondixonpl ex image by the
transformed | ow frequency ratio to replace | ow
frequency conponents of the second conplex inmage with

| ow fx equenc of the first conpl ex inage;
and 25r5 goﬁlgla%/l ngq{%g é}‘?é‘a tonprexeifag etélfﬁégand
deacgtd anmnﬂs®<ﬂﬂ&g&gt@bﬂ@%@éﬂ1H@lbér%831899828e§

conpl ex i mage matches the first conplex Inage
met hod of Claim7, wherein conpari ng the 30 nodifi ed

complgex i nage [ I S rises
comparing hi gﬁr%%e%{yéi%ﬁﬁgﬁn “olF =1 h%omPT?}B%i’-nathe

e g ponplyexcommgentd & MR 2008 VO 20044 ogggggd
CF>(m*r/ US2Q03/ 028877 34 9. The nethod of Caim 7
erein THET MPST ST = S ofitF (it esngemges EDNpnage

almjxﬂg;&mmrc syEegas. 5 10. The nethod of Caim7,
further conprising the transforned |ow frequency

rati o operable to reduce artificial changes in the

first, and,s GQ | ex |rra es nerated by an inmage
acqui Tsiti on%syglggfn%%%o B vt %t%%h?q}?erb%@%cb@n‘g&n

coniflerernceselet woabriGOHY €X | mges, conprising: a
digital recorder gperable to acquire a first conplex

i magé St “a "G forrd TESMAI R I s daagmdindrocessbny complex
ikRgeurces coupled to the digital 15 recorder, the
processi ng resources operable to: apply a | ow pass
filterlcolatiagi @ Gburhe:f itsins ith $ECANA-H0MP! &X the

inages _t.o obtai.n a | qw frequenc
£1TREC3 N0 22684 complex images %o obtain a freguency

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
freguency ratio to convert the low frequency ratio into a
time domain;

modifying the second complex image by the
transformed low freguency ratio to replace low frequency
components of the second complex image with low freguency
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

()

plex image.

8. Ths method of Claim 7, wherein comparing the
modified complex image to the first complex image

comprises comparing high fre equency components of the

Lirst and second complex images
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ratio; nodify the second conplex imge by the ow 20
frequency ratio to replace | ow frequency conponenﬂészRsz

wo bfagos8eond conpl ex image with | ow frequency
f 1{%219#}' ﬁt@hﬁssw

0 the fi=st conplex inmage; and conpare the

conplex inmage to the first Xbnplex inage to determne
if the second conplex image 25 matches the first
conpl ex image. 12. The system of Caim 11, further
conprising the processing resources operable to
calculate a Fourier transformof the ratio of the
firsto.and Tec ort fowhpd £xCBOLH MAgeshefeahdehet FizpR! Ynd
the | pw pass filter in a frequency domain. 1 2 MAR
SRS IR0 B0 S P S 0YS ) D289 “0BS ¢ STagRe -
systemof Claim 12, further conprising the processing
resources operable to calculate an inverse Fourier

t r ansfdor mIgfe et Hasv 3% egueioy? r afuotherordeprtieing the

| £ 0 conplex image in a time domain. 5
g]%q{%ﬁs%?sﬁg&rﬁ oﬁeauar%)nrﬁylfaﬁ%r@ﬁré hBaFPngetiHee
arodiffiicaich 1c eftfplreyed nBYe-Ho fdhesd i 458 §9€Bh8xcbﬁﬁﬁg§x images
conprises conparing high frequency conponents of the
FFETR 55 e E8h d SR 358U irfigelon 18y $5emThe syst em of
Caim1l, wherein the first and second conpl ex i nages
conpri se hol ographic inmages. 16. The system of Caim
11, Wer eiPn sl edli dicraldetErtr Boprdef f 60EALESEbe 8WwEER
sar 29'&17' The systemof Caim 11, further conprising
a eghrggﬁﬁﬁneFéﬁﬂﬁ%ﬁﬂqgf coupled to the digita

recordeligi tbhe Reapgamifaraionerabl 8.4 LECET ¥8,.8.
ref erence beam
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
freguency ratio to replace low frequency components of
the second complex image with low Iregquency 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

'_\

1

, 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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20 and an object beamto generate the first and secong —-
conpl ex images. 25 30 12 MA ,
WO 2004/025568 PCT/US2003/028877

35

13. The system of Claim 12, further comprising the
processing resources operable to calculate an inverse
Fourier transform of the low frequency ratio in order to

modify the second complex image in a time domain.

14. The system of Claim 11, wherein comparing the
modified complex image to the first complex image
comprises comparing high frequency components of the

first and second complex images.

15. The system of Claim 11, wherein the first and

second complex images comprise holographic images.

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.



