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RESEARCH OR DEVELOPMENT Thi s invention was nmade with
United States Government suppdrt under prinme contract
No. DE- ACO5-000R22725 to UT-Battelle, L.L.C awarded

by the Departnent of Ener gRESGRETEINer nment has
cert ajpp i dm{)t%ﬁ?ﬁﬁ IN@EﬁﬁﬁR@ﬁmﬁW@dmﬁsﬁdﬁq (SHIFT)

I NVENTI Fie e Invention The Invention relates
generally to the field ofMEASUREMENESer odyne
interferonetry (SHI). Mre particularly, the invention
rel ates to nethods and machi nery for obtaining

spat i al hetSAAGHEMIENT ASEIO BI@HES TQ INVENTIQNS MARE &INDER

S i By A D e
Di SThisimivéntion fwat hﬁdd?eitlaUﬁdedﬂﬂtiteiG&errEﬁﬁnt suppsrt ufided FiBim3&shtract
o SR BE IR r UAEE 150 ol AR o

Con’ﬂie@&emnteht Foas ke ﬁg}ﬁﬁm\lbﬁyﬁfvéﬂ% at a small angle
on the surface of a dll%tal The smal |

angl e generates a $&C R(PVHIQafPl‘gFHgﬂﬂggNtTﬁ% spatially

het gLAdY e Indehfod ©f | ected obj ect wavefront. Fourier
anal ysis is then used to isolate the image at the
het Bregayantior te&qqsi@nwalbmq thedielshas tspasiat-het¢radyme pierésgometry (SHD.

Wavl@[fof %htcul\‘{g Kd ln('éln?gt? Ye flatggwn{e&oapaddqpe{cﬁmtf&tdb@epmf?é spatial-

spat i ial et er yne Interferonetry w Four i er
r echme;odyuctnt@fnzrqrnﬁtmfplttmnsn@snrplsérﬂFV\)aanéfsmﬁt ketgredyne drttesfprometry

O{nkre?l%%t%lfllra];g et nsmlsS1 A (glﬁiﬁggﬁea%{}b&@w% wavef r ont

e surface o e shape of the
surDBassanOfmedld&dAjrn t he phase of the wavefront and

the refl ecti t e are cont ai in,t

|t UicptiNe Sors S Bt A S Rl PPl iyt Bom. 1
i S DDRDL Rfdcted biecd wa@dfRINER COmBAYEW Bl a tdi@ertte Giabéftont at a small

i magi ng device so that they interf éma“ﬁ%éreate a set

of nekeyths sirface of acligial mqgwééigvncerh ¢ generates a set of linear
i nt ﬁfn%&rtﬁﬂgﬁ‘atlaﬂj’ RG&8dyinReMe fIRERA BojbdI & aldTAME Eeler analysis is then

arrpusled to isolate the image at the heterodyne frequency and reconstruct the complex
wavefront, Voelkl (1999).
DDH is an implementation of spatial-heterodyne interferometry with Fourier
reconstruction to capture complex wavefronts reflected from the surface of an object.
When a wavefront strikes the surface of an object, the shape of the surface is imbedded in
the phase of the wavefront and the reflectivities of the surface are contained in the
intensity of the reflected wave. This reflected wave is combined with a reference wave at
the digital imaging device so that they interfere and create a set of linear interference
fringes. These linear interference fringes then contain the phase and amplitude
information of the object wave. In Fourier space, this object wave information shows up
centered around the spatial-frequency of the fringes. The recording of a wave’s phase and
amplitude information at a nonzero frequency is known as “heterodyning.”

However, DDH does not provide information regarding the interior of an object of interest



i nformati on of the object wave. In Fourier space, this
obj ect wave information shows up centered around the

waepasioedo4d r equency of the fringes. The recordi Pgr/o$2084/027749
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wave' s phase and anplitude information at a nonzero
frequency is known as "heterodgning." However, DDH

does not provide information regarding the interior of

an gBgrest endenly progidesipforpaioadesaghiee bapyrase el thejgkject.

| Nf QERY hif) pﬁa@gafnqja{ﬂ %i&rh&oﬁ(Mﬂs Qivell RRovAPIeBffique that is
Meanwhi | e, phase contrast mcr oscopg@( PCM is a well
knowmmenlhimbegue indgabidlagicabspaeinieys. BS&Histparticwagheuseful when a

o DY SREEALsFRRCRIRAS ph I Ten AL Gl el aid P o Bfmissivity
f eatiomesert lirmitaioe cdPCHI isthaamo comphesw aysirpntlinfoynation is provided, the
However. .a |i.mfati f. PCMis that n onpl ex

wav EF TRl i Bangegtsidiucy B apis gy

i nformati on from PCM bei ng represented by anplitude

only. Recently cob 002).report.ed a techni gue |.
o Kised R rdra 205 R ehiok Pyt s erte sl
t 0 IRefsRetBaeRded MESLRPALS dUfirsReybekwn [PWb Pdifits @A ad
phot ol i t hographi c _mask ile this techniague

. W L hi, is able
Do ReeieimespitimsknVAlsahis sehuigtech e mesug ahe g, 3
eaceddRisOd reqBRAAUEECABINhei @ theaduR @R SHdStheRforé, QWloWCREN would be
woul d be required to neasure phase changes across an
i nt &quised 19aReEpwRPlsRe ehingasjaeiors ARriBrerRonpOFiPN|oh AR olyecAAnd a very long
mu'sgan%u[mur%:_ @t@d {PmBRES "ﬂ)gfse anﬁ’%@s &Qﬁmrmﬁsk Phrefore, what is

entire nask. erefore, wh i's needed 1 s an approach

t hamnegiag isqmiapiriogchphay gardquickbinprpeise oranpéx wavelrprifigforneation regarding
regay 'Q%rggmhp&e;nio%]gecporti on of an object.
1 :

Her et ot ore, e requirenents of both providing conpl ex

wayv éferevafbre| the oequinémeans ofdgér proniding romplee magefrqmo imferontiof regarding
T T L A B e
Si MWhad areddys soluties thaosimubinebilisds® et bbth @frthesePobiNRY

OF THE I NVENTION There is a need for the follow ng

aspects of the invention. O course, the invention is

not limted to thesesgyMaRy.OPTHENMNVENTIONAN aspect
of the invention, a process con‘grises; di itallﬁ%l, o
recérrhaflehfga “aeeéﬁ%{tﬂl‘%fpll?‘ylﬂ%f‘%’%ﬂg?frf %I"!‘f%‘l‘%@r% OUFTEA tingtion is not

spatinfled RehEQs)eBs. fringes for Fourier analysis using
a reference beam and an object beam Fourier analyzing

t he ASPYHINAI §n aspechpibelinypRiton & RroceneamRsgs digitH b recgrding a

PR D R0 L Ml L e Fop s

of asigpardfertndedtan autlanobizsr beamy Féyrigarahyzing the digitally recorded
spatially-heterodyned hologram, by shifting an original origin of the digitally recorded
spatially-heterodyned hologram to sit on top of a spatial-heterodyne carrier frequency
defined by an angle between the reference beam and the object beam, to define an
analyzed image; digitally filtering the analyzed image to cut off signals around the
original origin to define a result; and performing an inverse Fourier transform on the
result, wherein the object beam is transmitted through an object that is at least partially

translucent. According to another aspect of the invention, a machine comprises: a source

of coherent light energy; a reference beam subassembly optically coupled to the source of



defined by an angle between the reference beam and the
obj ect beam to define an analyzed inmage; digitally

wo pdoserdomy t he anal yzed i mage to cut of f si gnabPGT/asmos1e27749
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the original origin to define a result; and perform ng
an inverse Fourier transformoh the result, wherein

t he % ect beamis transmtted thro%@h an object t hat
i s gt cqhersailighs ap pYestyPearp stbarsemblyoptigally spuplgsigo thy source of coherent

anofipgr a @ecaﬂﬁﬁlttte@f)pttcaﬁy édﬁﬁﬁﬂtd BYth th@ réTBeRdeHRarf QFHREIMBH/ and the
a source of coherent t energy; a reference beam

subaRis® ke sehgsserhlyl gﬁdcaduﬁla&ﬂl dﬁsctﬂqvéiegvsa peticaldy effupled to the
COhBL LMD Iittdr Gereif the OBjeEiHear @%&Hﬁ%ﬁams% Bkl GH: ko¥at least
coupled to the source of coherent
beangrphlix trassluegst. itheadbiggt cangpissigely eptlmtlh cqu@drbeﬁ@preﬁle gource of
bea t beam subassenbly; and

a p?%?#m %sgk ?@g% %%W%ggggptically coupled to the
beamsgirdmg &y gnothlaeaspean of the inybrjtoot a irecass suiasse digityily recording a

It P;:f]nu C g% y- }Qe?xjﬁgc?yn ﬁcﬁ?grl rﬁ énﬁcsur%kneaﬁgtlaf ﬁétérb?yneﬁm%?s for Fourier

cou pdxakyﬂ;xshem\gmémsttréferemwem and a fishej@nbedm; gigitalynec@riting a second
? Eg séaﬁ%l&ﬁ%?%ﬁgyngé E(ﬁg%rgrﬁ gl’(l:c lgi?éﬁrj ggttéai hezzitgrloéxrl%gpﬁ%s?g ?ocrtFogrfier analysis
r ec@sifd Ngcand refesdnc Rt allayeddad ebjedd yosal Hoati@Gh@fing the digitally
includiqg, ati.al heterodyne fringes for Fourjer

anafsreids fJ%‘P?P@“?JlYf*?eF%?dYP halogre by shifingAdirst ‘Jf”igimél origin of the
obj afztalRedEBrdddl (Hitsphd My heeRbfHed BoRgRREO M on top of a first spatial-
spatial I'y- het er odyned % ran1|ncFud|ng spati al

het Beteragyne Cﬁrrrieﬁa@ﬁlewrdetuaﬁslﬂwrﬁrﬁ [§agly bptare 'i%ﬁ §rshreéeenspfeam and
ref HeqP& %D F%gblﬁntg d@fll%éeacﬂgldanglgie%QRagbe @00riek Qﬁm§zﬁ{g the digitally
analyzing the digitally recor TiTst

S pare!carldleq/sdqemcb&p@wlmé@temgy@ﬁglmmraluy by Khiftingrageeond priginal origin of
ori . [

S paﬁegﬁl?ﬁiéetg%@%g{/eﬁé & 'agg:‘hgtlﬁ%o%ﬁ eﬁ%gfogteaq} t{()) Sl’tg)b tog of a second
fir spatialﬁwtaraiyhetaem:rcf;eqeencﬁdeﬂred b¥ a sﬁqunthgledaef\ﬁ/aee (hebycoad
first bet en th

f b
fir getfe cggs? nd. I’ﬁ? setcgncF ebfgefc eam ? &%1{61@ ggecp)e/a? an&?yzed 1mage digitally

IS ed -l mage,
Fou hltaingaﬂﬁfn)stzarﬁgrzéd‘lﬁlage @Ichedff Mgﬁaﬂﬁ:@dﬁdﬁdhesfeemiimal origin to define
spatlall het er od ftin

oD e rekl T R s B ey e triss® Shudig 3 SRl around the

Spakdcahd drighed Sﬁ%d)’@@dﬂmhak&gﬁcﬁf@sdl@ p&rifdrm@y 4 farst ifferd Fourier
second spati al -heterodyne carrier freq uenc]%:{p defi ned by

a sgé'&%ma%ﬁ’g‘l‘%f"ﬁb‘ie%‘eﬁ“dtﬂ?gog@%ﬁ Secpit Y P ho B FANAAEM On the

t he ;& 66PRLIORINESH (REAM ol Rt BaH iD BaRnI@LARGuAAH db}e%gthat is at least
image;, digitally filtering the first analtyzed i mage to
T

cut p@ff!#"YstraglﬁlaF@t andobmiscersleobiecy keamds redfieeied freyn ithyi ab) q% According to
def Lagnd a%JeEtSt)tf tl{eqm‘élnaon Q%cﬂhQ#Wrisé(s b & d leaetr{lﬁ lelght energy; a

second an yze I mge to cut o S|gna S aroun
s ec gakrussiogirefatenesrtieginsubassedibly apticallyseepeditortssgitee of coherent

per gﬁtn; r%gla?lo]:] Iréf%%née%%?r{\ §lﬁ)aE %H]ngeo[?néall? qu fed%b stour%e of coherent

firs erse
t r afightparobgaet bdaen subassembly optlcally coupled to the source of coherent h ght, the

object beam subassembly including a transmission object beam path and a reflection
object beam path; a transmission beamsplitter optically coupled to both the transmission
reference beam subassembly and the object beam subassembly; a reflection beamsplitter

optically coupled to both the reflection reference beam subassembly and the object beam



second result, wherein the first object beamis
transmtted through an object that is at | east

w@2005i08d9kd transl ucent and the second obj ect bRPEIUSR04/027749
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reflected fromthe object. According to another aspect

of the invention, a machine cohprises: a source of

coherent light energy; a transm ssion reference beam )
subgesessmbly aaéthe@mepi//bee@maéﬁfntbév' aprba piglptechdeggetion device optically
cohgggidd t!) LGBsi ot th&fibe® Qéléc% ffoﬁf 1S ER)%S cBRRAhg of the transmission
subassenbly optically coupled to the source of
cohbseamsplittgrgnd the afrﬂeetmné@@mﬁélatm yhrandeniset besm whpgsgmbly
Couﬁ’rlcﬁx% ; 291 J %f ﬁlQIHE gthe I (l“t(?J] @rtrggstluéehtgme 'obfe!:E) QQJSI%ESE]VC optlcally
beam subasse y inc % transm ssi on obj ect m

pat kowupted teetweeh Hecsblilrmofcio}l@@tt lightzemenga i the transanissivindsargplitter and
?fgﬁfﬁﬂse%twg olpe%allll():z gzlr)]u Ae eegwfﬁeg a e%‘g‘érgg t’rh cokere dt l]lgplt energ Jy the

bearmefrutimdzaemigliyier.a refl ecti on beansplltter optlcally

coupl ed t oth the flection ference

c b A s ob i SEE Sl AP GEprE i ny updgetood when
t he cokjdRed ub@c&fﬂrﬁu&a\smemblfcyuo“aﬁgcheacrmmn la:at tael adﬂzeﬁlﬁﬂ{yir@mrawmgs
devi ce optlcall coupled to at | east one

el Sctedt bt Bifer el TcEAS S IS TS AENT AALRngigprg various

bearmBbdilnkRE oARE idvBRiohQhd REhéroR sPERBRILifs tiRkeof WA ﬁiﬁf&i By way of
t he object beam subassenbly includes an object t i's

at lilkggationand pefl of yrrtltptgﬁls Meapr pﬁbstltp“@sorﬂj)@efatlpys additions and/or
tr a'i‘éa'}‘i’an?g%hx\éﬁﬁs}‘na? BE hfaal Within ALsst P atBRALSNRitRRN BERAr R from the

coherent” ' ght énergy and the transm ssi on
beanpipl theteet; anghidie invntioafinciuges glbsugh ebstigtpnsymedjfipatiogs, additions

bet ce of coherent |ight energy and the
ref%@%ﬁf%%gnggﬁ%b Titter. These, and ot her, aspects of

the i nventi on w | BRO& Ibl?ﬁ(fléIPTIﬁiﬁ)DﬁéﬁHﬁ @BAzYﬂ@ﬂGS

;Jgfjlelrgg\:d%a/ rggvmg(gcgn%fmyénrg aélﬁ gor{nnneg ;%18120'5 nlfhg% g ec(:)lp catlgn are 1n§uded to depict
It shedih shpbes ombemhsémion., A hl@a!benkxbhceptlh&dif thehﬁavérmlloh C!zwd bgthe
descri pti on, ile indicatin éEﬁrlo WS enbodi men

of
t he CPHOYKEE AR SRFERUQD AESSEES & s inyqngoy. ﬁ"éfl E%ﬁome more

I S GéadB apprenelyy referridgltdl HeleRbrhgliry 2and tiddfor@nohlirfitihgte®Bdiments
Many substitutions, modificatjons addltlons $nd/or
r eanfuHEeh P dralinEh o eI dGRUCR) TRicteRge umsEls (i theyeecur in more

| NV Qi A8 vy} BQiEnald @RARME BRmEAG.MHE heveﬁdmnrm;y BeRFt&QUnderstood by
and the invention includes all such substitutions,

rmd ir¢ferengeite ARE oraRrae pf ers daavdngsrin ?(é@trmaawgmrﬁl@esdescrmplrsmesemed
eP Tltgl\!)u%:b : A_A’%@Bﬁl é\@ur-gp ﬁlugtFﬁé/& iH%» cﬁ%ﬂmx& I'Illgcessarlly

and orm ng par s specification are I ncluded
depMuﬂwvesu¢1n aspects of the invention. A clearer

¢ onvﬁ(@g 1A 81 llutstt?age Y pn‘i)ieooq an %@gxsﬁ)}r hotlbggam formed on a CCD (charge

coupled device) sensor from a chrome-on-glass target where FIG. 1B is an enlarged region
showing the linear sinusoidal fringe pattern modulated by the surface topology and
material characteristics, representing an embodiment of the invention.

FIGS. 2A-2B illustrate (FIG. 2A) the magnitude of the full frequency spectrum of a
hologram and (FIG. 2B) the centered and low-pass filtered side-band of the hologram,
representing an embodiment of the invention.

FIGS. 3A and 3B illustrate (FIG. 3A) the resultant amplitude of a portion of the chrome-



conmponents and operation of systens provided with the
invention, will becone nore readily apparent by

wo edosordomyg to the exenpl ary, and therefore nonP@TiUsiong927749
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enbodi nents illustrated in the_draw ngs, wherein
I denti cal reference numer al s (?f t hey occur in nor e
t han one view) deS|gpgte the sane el enents.

i nv Rl ashtapgysdFiGe PPE the phwe FepryycRp of é?e@roétr?e@f {hs chrpane-on-

or PiEraflet, dpRS6nt ?a%mg&mnen%omhmhﬂl&n with the
description presented herein. It should be noted that

t he H@3t44y 4G lllqsurajg sqhamats Views Hdhrel Gatismission egamhts showing (FIG.
nec Ql§§ fe! clraﬁéul(%(ﬁm thiCkr6Bdifen ifdi@Sof Jeﬁa&%n' d"idJ 3%@ Ph&E between

exanple of an Intensity hologramforned on a

( chalifépeent oasrield ofisamiedkipknsermdr(FIG: 461 the ebilire cdenlgk inlex of
tar e [ 0

| magreelBEE s skt R B AR AL el R R D dvention
sur fFG8. 3AopDlilbglrata sdiematiceviéwd ofchearastoanat®niof dlummatlon wave to
rZZP rér%gﬁerﬁl ?tﬁcp ?erlvaetege cr(}b&c? % t%g Aélfferﬁnttol?)eec{ n\e/:ﬁrggen ?g erﬂbo%:’sm nlts of the

f r equvengoh. spect rum of a hol ogram and (FIG 2B) the

cen and | owpass filtered side-band of the .

ol 45 iR Gy @Sel G i L hEGuPHS RP o1 CERen fongiekhstsrodyme
F' GSntedombiey B3Birardshiksiohakrederitg an®botiid@nt 63k indéttion.

litude of a portiaon of the chroneon-glass target
and K@ Gllugpyespghegitie viep o B FSORLBASICOIGN depas fﬁbf‘rﬂaP%i rheterodyne

of therfGheREP R sARSioh kselentif SR &8I dAPofaRe
errb(;dl ment of Ot he SI nvle)nt [ %ﬁ ent gem 4A- 4C |CI)I usltn},%ntugn

schematic views of three transm ssi on exanpl es show ng

(Fl Cﬁl 4/ hﬁﬁmg,@&tgwh@ﬁqg igﬁs (ﬁtﬂli\ect @@ﬁngiox%fl.uuﬂma%s&wave to
of t

ractlon FIG 4B e phase between different
mat éxotlamsroi‘tteé are dndireflented vaanipr (Wi differd@)objcats, rapriebenting

to ca | at refraction for a materi al of
"lbf)%mefétgé)g@g%r%eeg?oelsent| ng enbodi nents of the

[ nv &G i DitlustFakesS. scMaEDvneMaﬂstﬁmb&susmmeﬂwbslgn for epasialefeterodyne
t he .t r[?nsf or e

to
way dERTRREEHOb Y R ie oBF FBPERT OBy Serae g RRan pghe
enbaghieniot.s of the invention. FIG 6 ill ustrates a
tlc vi ew of first bS|cot|caI n for
spaangi %Hveﬁatfagﬁ@emﬁwlfwg asic Op?efﬁé godproypatial-
I eprR&RilyhdeertBrofidh P Bir RETRL G antl lﬂr@nslnﬂ%ﬂfht fegfésen[ﬁhgan émbodiment of
illustrates a schematic view of a second basic opti cal

desﬁbf‘n'“f’%‘t“%patl al - heterodyne interferometry for

tr ansm ssi on, rgﬁfséﬁﬁjﬁlbﬂQ)}aﬁRﬁMWEMBcﬂﬁles
invention. FIGS. 8A-8B illustrate schematic vi ews of

t he Theamentéonraad itheryageusi fedtures andtadwimtagequs deigils thereof are explained

more fully with reference to the nonlimiting embodiments that are illustrated in the
accompanying drawings and detailed in the following description. Descriptions of well
known starting materials, processing techniques, components and equipment are omitted
so as not to unnecessarily obscure the invention in detail. It should be understood,
however, that the detailed description and the specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only and not by
way of limitation. Various substitutions, modifications, additions and/or rearrangements

within the spirit and/or scope of the underlying inventive concept will become apparent to



both transmtted wave and refl ected wave for two
different objects, representing enbodi nents of the

wopsnig9an. FIG 9 illustrates a schemati c vi elCDiSB04/027749
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first basic optical design for spatial-heterodyne
interferometry for reflection-@nd transm ssion,
representing an enbodi nent of the invention. FIG 10

i |1 tsthostskidled irstbbemrfrpinghiy dsglonfe.a second basi c opti cal
des IVQiﬂ’}le; R\Es a ﬁlat I igrll ?e%ter%f ;S)u%}/iga%olnsngrg ¥effee}£ %enEB}I; érirrc%al author’s name
ref 'ect on &RA TP ansm ssi on, representing an

enbddliowed by @éar bhgublitatien twithim. pabnesds FFull@Naidns RiREhds&RRDother,

EMBODI MENTS The invention t he .var.i ous features and
v g ge irand A e P e gt Hing i B L Gy te

W t Blaim@ fieeihe Section héwding ®ekdrétictd. Mhe @ikdIeMliedBNiISthkdRgubladadons in
illustrated in the acconpanyi ng drawi ngs and detajl ed

in teE epBeHeAHREreRYSXPriessty 18rPrPasRiEd PY 15fareiise hegpin\igy) the purpose of

KnoviicatiAg the BELkBRUBA bahSinviidf 88Sill0grakiRE MRIsAKES the art.
conponent s andﬂégghgrrent are omtted so as not to

unndbebdayirefere &atenis apdhYleh Ppigrt appligiengidisclosg embodiments
shoylfaBesdnder di E&}g@sepfb hich 'theglr&%tin{en&dd?ﬁe:énh?e@ontents of U.S.

description and the specific exanples, whil

| ndPeaNprg0 T WRdssnesuandid @00k antiled Dirprs- TorkyigiialiHatographis
grv 1@%‘%%1‘@@1\1}8%%%&% taﬁc?ﬁbl%@is@)n’l £ é}m%ﬁgﬁ Tnng@iargr R. Baylor,

[imta arious Substitutions, no cations,
addiGregonsR diihsar, DagidrA. Ragrewssert, Edgar Moelkl, Jdmeesgfaistrachne, Michele

and/,0or . Sco of the.underlying inventive conce wi | .
pocoREH AR Rt B EL AR R s Bleee herein o
t hi all @lupededSTHe@ntitdicomtems di.S. BypNd. 685,821, s8vei Bebruary 25, 2003,

ublicatiqns are referenced b i nci pal .a or's na
P ol FENILEd “Bgayation 6 Renay SEdeTunt Rt DL e ety s
Ful IHotdviskén” @6 lafente ENERMas &itiGrefdie R, Hpnkoh beaieteby sx piayly

be found at the end of .the specification i mrediately
pr ed¥aIARER Y referenershersin toF all RupassttTing At SNty of U-S- Ser. Nos.

Ref epeBg 652, 10084,043 ¢6/05464S 10845470, { M185144RU /6073824 O
intheir entireties are hereby expressly incorporated

by AB687.8¢bare heseleyi axpresly inrerPeraiep by eefesence hereiden Apurppses. The
bac ‘ﬁ%[aqvgb@tus’a‘t-oh @Ent%xiﬁé’&i&tl BR (RS didd datalnBl iD &Aa%ogiﬁ.gt §er. No.
oftear.T'hee gan u. S

owreferenced U S. Patent _
Pat éM64ApTH (atemeyodrske ingmberd BB ATAS0), fitedton therrame dayeas the instant

useful.. fo he r . ' i
e e i, RS ANEERSRS of @it RO Sk S e
Jundor20,puz®®8, entitled "D rect-To-Digital Hol ography,

Hol ographic Interferonetry, a(%d Hol ovi si on" to
Clarence E. Thomas, Larry R BaN'of,

The process of spatial heterodyne hologram image formation can be adequately described
using scalar diffraction theory, where the reference wavefront, Ug(x,y) and the object

wavefront, Up(x,y), are described as,

Up(x,y) = A (x,y) e and U, (x,y) =4, (x,y)e’?".

For simplicity, it can be assumed that the reference wave is planar with a phase of 0 and
the intensity is a constant, so [J (6 y) =4, For spatial-heterodyne holography (SHH)

creation, the reference wavefront is tilted at angles in x (gx) and y (gy) with respect to the
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for all purposes. The entire contents of U S. Pat. No.
6, 525, 821, issued February 25;72003, entitled

"Acqui sition and Replay Systens for Di rect-to-EXgitaI ) .
Hol ggerogmﬁywafﬁaomow&w e b0 wavplents g rombined of HiggurTags 9f a intensity
G egRhMirdfentBARRNe. BT BInk § Sladsd QXPERA Ik Vicd, BRAERARLASIEHINce (CCD)
reference herein for all purposes. The entire contents )
of pmEra.Semplimeriary neta 9aide gificom EMQS) imager, e®), Seaegling intensity
10/ 349, 579; 10/ 421, 444; 10/ 607, 824; and 10/ 607,840 are

her eby expressly incorporated by reference herein for

al |l purposes.. The, ingtant. application/contains

di scl osur é?’%h)af [4, %‘J&?s@‘ll& oh?éi (e ?PS%Q d’lm(‘gkf JS‘?yy))

Ser. No. 10/649, 474 (attorney docket nunmber UBAT1520)

filed on the sane day as the instant application, the

ent iwheredoistrerilgminftionhwayhleagtie. Tarsethy reesuped 8sdgy not only contains the

i ncor por at reference for all purpgses.. Overview

The THPBLELERs e ier L figy b Bife T BEF B pAlGLVARY The angls
f or metweanthe avo Weved dasjumidetiyesle cartireebquaicn of the aysédin and facilitates

diffraction_theory, ere the reference wavefropt,.

Un( 2,"§FPVemaf ih ams%?g%?om B, PP s .2y Y e Fotirier frequency
desghilp@nahed thi will be désérived RV, U (X, y) A (x,y) . For
simplicity, it can be assuned that the reference wave

i s pl@hdA adtB depishasaanpleo! amgordadsnantidizsradyng Rolggram of a
CONhRMHe:0onSPash Yargel. Theinset MAIGS IREHAs 1RATHRAQTMESd patterns of fringes
hol ography (SHH) creation, the reference wavefront is

til repdesantedibifiél | /R gs modatagkdypy (1@ sprfegetstiugturepelsich is@ function of
t hethe ' vefront. When the two wavefronts are
conggzéﬁg%ﬁg%ﬁ%ﬁsurface of a intensity nmeasurenent

deviGree ¢ spag'al,—hefeird>dyn§ holugrhmathesbede farmbd omthe eyﬁf&ce of the CCD and

(r:rgfl rérlgrels Q%eggg b\%ﬁclorglg%tler((:e C%l?‘%aﬁ;g)ggs&ﬁ%rtvgﬁj@la{gﬁgﬂg ?orr\écover the

r es Whipiifuge ardtk phas df yhel dbjde( Wawe)from this(dataymatri oftscflan vhlue® AThis can

(x,y)A cosf f{x, - N g Y)\ where | is th

1 bR plishel Aobiriophly Sl ik Eolriae renster yfubhopggam and
onl Ysofddinh 8hd\§& thdidd-BHn8 BFhdiiretih tHNBmpWA sp@wadm. Thelocali28 side-
the rel ati ve phase between the two waves. The angl es

bet Rawhstiupre %3 rexal e5the BieRONdranere iR Jringrpacey iedmage and

fr eqUERACHinQfontil e YREEM. AME thAFdr Jf@ﬁ&%lc%rin@?e@ﬂl%rib{ iefpositioning
the anplitude, Ao(x,y) and the phase, f (X b

usi 9 the cProplex aavefroagipiaimygtion about a discrete point at %/rz:(iuengly location
(6/4, 6/4) in the Fourier domain. This location is shifted to the origin of the frequency

domain and selected using a low-pass filter to give a function Ug(u,v) where,

[ Ag+4,(x,) s )ﬂ
U | ) AI xx+0yy WB s ,
U, (e} 3|<L v2d 4, (x,y)COS(ZTJ(QXX+9yy)+¢(x’y )Le J> "

= S{ZARAO (x,y)e o= }

where Wp(u,v) is a low-pass filter, (&,v) are the frequency variables, and the exponential



anal ysis nmethod that will be described below. FIGS A
and B depict an exanple of a recorded

waepasiogdo4het er odyne hol ogram of a chrone- on- gl BEBUS2004/027749

10

15

20

25

30

target. The inset in FIG B shgglgs the linear sinusoid

patterns of fringes represented by ( / | , g/ |) as

modu} 3t 4 yeture ich i .
¢ unCtulﬂotﬁ)q ﬁﬁ?ﬁ%q%eﬁ%g{e ,gtctﬁe %?(% Blzi/nd)s[rgdtldeim?r ma( a3, 9)//1) to the origin, (0,0).
spati al - het erodyne hol ogram has been formed on the

surf .of the nd transferred to the c uter as
a da?lsg?mrms ?‘?’rﬁ(mo@c% ad a|W§}§f§},F'i§- ZgAt)?PreFeé‘tsttgg‘lg'é%'BW@? of the full

t he Beqpkidyspetrambf phaldgrady antl FEG Y @FresenB VR deh@MBdahdl Bow-pass
% of scal ar val ues. This can be acconplished

data_.matri. ) _
con'pftljlfeé?‘{ SSiFaang siFtyre et e eomplEk v ayefigRsesHmate sequirpdto
hol ogfenmindng )9 ahdpipg one of the side-band structures

in the conpl ex spectrum The | ocalized side band

st r ubtegpltiof thg shificand filtering aperafipreis dhrcrppran teatodetdrmiration of the

fri ngemab&dniisk WhRrbirege and cosine function in the
hol ogram The transformof the hologramresults in the

posi tioning of the Totm)ex2uayef pent-Pnfrggi on about

a discrete point at frequency |ocation ( g/ 1) in

the Fourier domain. This |location is shifted to the

or i gPrFedn estimaty ofdbn @siginal esmplenwanstrontel/gpk Has eemdetarmined, the

| ow Sudb Ia NGk Wtefhni tion Up(u,v) where, A +A
(x,y@ﬁgfe(t{@ga,sé%z%%g,&y clgs (ax +qy )+H(x,y) VI

wher e W(UWW“ (u,v) are t elU, (x,)}
f r equdny)\Far Relbi-é5 ») samimtthelxen Fonemt i g ot n@h) ,
perfornms the shift of the side-band structure f (F(&%J’)

I, g/ 1) to the origin, (0,0). This is shown in FIGS.

2A atfgrRe{*hnd e () represent the praband imaginane corarpmients deUidf, )

t he dpbdiivbiyequency spectrum of a hol ogram and FIG 2B
represents the centered and | ow pass filtered

si ddIBaHtshoms treresudtinganpliiude.ng. t+he) emhifiGe B whoresf thopttase,

oS Ny PSRBT B o O, 1 X0
appﬂ@xthiﬁa(’ieF efaéhie pvarviawideseripfiort, tveo wivie€ronts | a refergatenavefront and an
1Bl s koo i oy oogam on
has tizesmrfactatf an imaged recbided, stored and then Fourier analyzed to recover the
amplitude and phase of the object wavefront. It is important to note that the object
wavefront can be the result of a wavefront transmitted through the object of interest, and
not just a wavefront reflected from the surface of the object of interest. In each of these
two cases, the information contained in the recovered amplitude and phase of the object
wavefront provides useful, and different, information about the object of interest.
The following description emphasizes transmitted object wavefronts. A wave that passes
through an object has its amplitude modified by the reflectivity of all the surfaces passed
through and the absorption of the material. For this description, we will assume
transparent materials such that absorption is negligible. By using the Fresnel equations,

the reflectivity when passing from one medium to another for normal illumination can be

calculated as



anpl i tude and phase can be determ ned as, A (X,Yy)
(x,y)Y +im{U (x,y)}2 and (x,y) =tar ' where Re{ } and

wo eqo5p19epr esent the real and i nagi nary conponeCit/BSmD4/027749
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U (x,y) respectively. FIG 3A §hom5 the resulting
anplitude, A (x, y ) and FIG “3B shows the phase, f
(x, y) fromthe SHH of the chronme-on-glass target
used to obtain FIGS. and IB. To this point of this

overvi ew desgri two wavefronts, a reference
mavefronUea( abject wavefront, have been m xed
toget her tolYendidte a spatlal-heterodyne hol ogram on

the surface of an inmger, recorded, stored and t hen

Fouri er analyzed to recover the a i tude and phase of

t he Vd[eeR tis tha vaffertbrity. andi Vi and; Np afetbmindices of srfeactiondor hanaterials
?Fja ﬁglﬁ%at%ﬁa Y forf sur%ﬁ:et of 11‘1{])nﬁna{tieon a# ztm a%f leerae\;vtavefa:]gmno t
just a mavefront reflected fronrthe surface of the
object of interest. In eagh of these two cases, the
i nformati on ¥p I |d&d& he recovered anplitude and
phase of the.pbj ect wa vef ont provides useful, and
different®= |5wornaqvon abput the object of i nt er est .
The fol | owi jng-es@dripeisdh| enphasi zes transnitted
obj ect waveffonts. & wave t hat passes through an
object has its anplitude nodified by the reflectivity
Q\%j erel (9 Htrffoﬁpﬁo?mgﬁ 8&1&5,%'9 L 0 nt)%l ﬁll%wnﬁtrﬁegnlm, and u
of t he nate For this description, assume
t r angparcand maghed pedingabslitg bf thb aiatebibIs on BithmeloS the surface. From the
negligi ble. By using the Fresnel equations, the
o reie it et pSTinipricrom e st dnt L okanot her

for WRIeRd arhplltbEion %&Qﬂraﬁﬁﬁtt@@olﬁéﬂt %b@ioﬂﬂcaﬂ%(’ov%e%formatmn about
where Ris the reflectivit N and are the indices

of therabigst pfdpferegy the ﬁephsa%rar@r§eterﬁmE%kwt@iuae"efmr@ﬁeometry More

sur fnﬂ cﬁtanﬁf’ lthe 1Hel‘égi'|r{gthoﬂﬂat%ﬁl i cm ovr&d%%u&%rﬁsmrt% object

M M where #=angl e from normal incidence =an

f r onvapieframh(vig the seatysischf thediouesporghiog SHH mISathephaheof the object
%%tf gg:ﬁ (E?\_ﬁ\?brltzln%% e hiGhd THaE! drdl S eEPGHect Wierdh

t he sur
contains information about the thickness and the indices of refraction for the materials

that the object comprises and through which the transmitted object wavefront passed. The

index of refraction is the ratio of the speed of light in a vacuum (c) to the speed of light in

a material (v) as givenby N = € . The time () required for a wave to pass through an
v

object of width (@) is ¢ = i; therefore, the phase difference (A@) between the wavefront
v

entering the material and exiting the material can be calculated as

AO=2m = zfz[iIij= zm(illjz 2N/ A
A v AA v AA

where A is the wavelength of the illumination wavefront. Therefore, it can be



reflectivity, the percent transm ssion can be
calculated as T =\ - R. Wile the anplitude of such
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about the object of interest, the anplitude can be
determi ned wit hout using inter¥eronetry. Mre

inportantly, the interesti ng information that can be
pr o@p[@f@(‘dat%thétl}aﬁp@sg PAHRYHeftt %ijngrvéyﬁfrowéppﬁ rWfor(n%tnan about the

t he yan@le¥sihg tRfindeR S f FPlabhRA i BkcAhihibrelts t he phase

of the object wavefront. It is inportant to note that

t he FRRs\A-4F show theas SPcificaaeagBpraents (ahan pe Ardeesingdhareconstructed
i nf ?F\g@tn'lf&m?a@iQQHBm anﬁangrnfsﬁiﬁn%ﬁ. @ﬁg Jrneetﬁe Weﬁ% @Bot limited to the
refraction he material s that t%e Object conpri ses

and exémplery meatirghentsigpicred s MGS: 4-46bj ect wavef r ont

PaS$&§: T%L% LI a%ef?ofnt sfsm%]fh?&%ﬂ tljle obie!g? atrl&ta{ (S)nsQJl}httuﬁ different
speéd ©o nCa vacuu Sp eed  of i ght

in ahndakﬂes aﬂ’ he(eqat@s beliowdiiG AA Ndrcat.es fﬁhehtsldn‘&n(rtcy in thickness can be
reqU|r ass .
ST P RSP UL kR Bpsons i
(D )mdeeian@eRndvire 'I‘hamﬁfm'emnﬁamnaemnefelang/et hfenxraiae bi #dur@Geting

exitin mat er i an he calc¢ ate as =2 27 - T-
=2 malfg‘}# Rl?a‘%'é'i‘“é” h§‘ ' ﬁtée%‘?ﬂé‘i“’g%?ﬁs pent g po'yme"zed
i1 pRblrRks® %@ffz{c@% (e. %hﬁfrﬁlflg{ Saculith) &r@Ren air. Spec1f1cally, the
beappreci at e hat t he ase portion of Ehe ob

wav éfegign %r*ﬁcéHdﬁ§a‘FHF%}gM1ﬁf%?PCSHb@tCkPWé ¢ hbeéw?f‘é'sasflrgﬁbrough

the sb&gﬁ)éf @k of)ﬁ&raﬂggl kQBnPihrdu ?ﬁ sRAbE6H hObbjbher est .
FI GS. 4A-4C show three specific nmeasurenents that can
be rrade usi ng Af¥e reconstructed phase information from
a transm sspp(vSHy) O course, the invention is not

I imted to the exenplary neasurenents depicted in
FI GSvherpA 4 ds a phass diffaresefovisis 4 Winslenatibefta souEss phepherspdigghenergy,
t he f

A i r6001 B8 bl AP G Wagtion ot objest
t h| §1Qi 45 ghosnee examptldwwkxdméls shapge inqthagsalan b¢ ated do distingrish between
t he has ren e [ r i
t he tg {gfs oF %e 3 I%e th{Cﬁ(néSF Tllle ﬁqlu%tr%zl b&{?(v)‘[vﬁ& %Eelllog{#otlflée)%%pected
mat ephmldlffmafncb betareérayetwa)‘hataraﬂlsetblbalcalollatad E)U‘lem‘liﬁﬁﬂlinhg the
materi a mat ri x art'.al
U aepiedonast e Remadtsin deahusrons:, SRRy dpe
Vac UahNeniéh @n indilde bﬂhml@‘ihg\bqﬁlustrﬂff@énce‘(ﬂﬂ ) Bétiveen a first portion of the
Specifically, the |nvenL|on can include calculating a

di f foRleeYARd ajseropf PUKiAR eLINE PISCLBSt ween a first through
section of thgyobject and a second through section of

t he obj eét *as/l—(Ns N»)
where d is a thickness of both the first portion of the object and the second portion of the
object, A is a wavelength of a source of coherent light energy, N2 is an index of refraction
of the first portion of the object and NV is an index of refraction of the second portion of
the object.
FIG. 4C graphically shows the ability to determine the index of refraction for a material
using a sample of known thickness. The equation below FIG. 4C allows the index of
refraction to be calculated. Specifically the invention can include calculating an index of

refraction (V) characterizing a portion of the object as



Agl where Dg is a phase difference, | is a wavel ength
of a source of coherent light energy, N is an anbi ent

wo pex1oi4 refracti on and Nz is an i ndex of refpPEDUSITING027749
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of the object. FIG 4B shows an exanple where the
change in phase can be used tdldistingui sh between two
materials of the sane thickness. The equati on bel ow
FIG 4B Q}I:o%_@'{_](pje expect ed phase difference between
the two Métedidal S'to be calculated to hel p deternine

phad b Rt o R et g Re TRRBLHT OR gy Toheplghenery

cal and Aiik Bgardbiphasexdf facwwnce ( q) between a first
portion of the object and a se,cond,gorti on of . the

, h .
obj &8¢ nyentisy can include gtheds qf opaininghighsspredscangishiye fpafipfe
fir sittefd@yde iRBri@bmbdie nRRiueshenttd obja@s BREAB S IBRE pdr@diy@fanslucent
the object, | is a wavelength of a source of coherent

lig mithé?ﬁé?(@)t/q a plgnaaﬁroisq-mzésiorbfl‘ he @fv?ra@p Ccyhinglpdg zﬁ)@aqa?uls ghat produces
por thlgﬂ%pégd t;anﬁni%ees‘f)fgtiﬁ—ﬁgte*oayrﬁ:ﬂnt’eﬂ%?ﬁe@ifc nhcfur@fdnt 0t onects that

the second portion of the object. FIG 4 graphically
showe a teest pbitipllyt yyanslycend wéth mespect {oraepl e enessofection This embediment of

fora imgg} g&e%ﬁgé&nﬁeﬁaﬁgpmé&{r@fe KNOMI hi ckness.  The

equati on 4 a e I ndex of refraction

to Bée cakwiohatevclu@pemitinatiah mgthoheofi obtagring kigh-spead transmission
horRaS AR BToAP0R RheBh AR g pigpecroan
I S antpriftasmettli fHf @ngaeinspection/metvavg] o Rbjetts dfat e s0BasCpartially

of cohsjr ent i ght ener % and is .anﬁn‘oi ent | ndexpfd tus that
r ef FABYHEH. ¥ HHEREFVR APIB CRFSTHET A8 "HEPHISEN gy ude apparatus tha
obt pidiiutg hiphGPeRRASMiIiGNHBAsESMéRts GRBIbtEhiRg highagyedeeflection
interferonetric neasurenents of objects that are at

| eagteapagnpensy ysipgspaRkheirerine JieferoBY et camplele [FRg Hen/metrology

Cr 098 o6GS ih@hre akM@st PAMBNY kIRt wilhGbdpd& (&R PRAAICHSs-section,
t hat produces hi gh- s&ged transm ssive

s patoptgnalesisubengaesly. dhisembedimentaf shefvestipeitwiaicsibesk in detail as

obj %QJm?plE hat pabg. at least partially translucent wth
respect to a planar cross-section. This enbodi nent of

the invention is described iEXAMPREP as exanple set 1
el %{Ecif-wgmﬁog\érs sI oqri]hec\’lg\rﬂenkigr?LVHPr%v&@er%hnétdle&ﬁb&ﬁ;ﬂﬂg%llowing,

b
of al ni ng hi gh-speed transm ssi on
nonlimiting examples which will serve to illustrate in some detail various features. The

following examples are included to facilitate an understanding of ways in which the
invention may be practiced. It should be appreciated that the examples which follow
represent embodiments discovered to function well in the practice of the invention, and
thus can be considered to constitute preferred modes for the practice of the invention.
However, it should be appreciated that many changes can be made in the exemplary
embodiments which are disclosed while still obtaining like or similar result without
departing from the spirit and scope of the invention. Accordingly, the examples should not
be construed as limiting the scope of the invention.

Example Set 1
The invention can include a method for measuring (in a single high-speed digital image

capture) the complex wavefront of an electromagnetic wave after it passes through an at



measur enents and obt ai ni ng hi gh-speed reflection
measurenents using spatial -heterodyne interferonetry
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at least partially translucent with respect to a

pl anar cross-section. The invedtion can incl ude

apparatus that produces hi gh-speed transm ssi

meadesplentaislly tra cemmtqﬁﬁah §SIRS §w1§bﬂétar0fime|‘%te'tf?rewetfy (SHD).

Meapidy gttﬁe dént ﬂ}q wiakdkivBehe LdyRen bl HafhANBEENed by the

for conpleéete |n pection/ nmetrol ogy of objects that are

at lelsaisemagaetic \mVIeyvhnlﬁ arssing denghihe ebigcempistiel. Spatigl-Heterodyne

p' a li¥ngl h
rod ArELAER, R OB IURRR) Bl GBI na] Bgeen he

ex awpjeet learh ad the IrejwcnoEWESS@pé bndar tringesybatispatiatly hegérodynes the

f 2|e|trl(§aﬁ\é§ td O%VF?}MO% {I‘ :ﬂfr!] mverﬁors “F\":ehrgé\lr,ﬁg(? ﬁﬁ(e: rlrlnqp(?erglg(gey O\}:E}t% measurement of

il lﬂﬁhd‘nﬂtt&i dompwn@avdﬁblas for\m;mtmmhfaeainsruea\t mhlegials, lithography

follo s are included to . facilitate a
TSk OB SISy P GITER o e TGk STy Rerisgomerry
pr agpitiabRsterbdyns etedorh@ryapiik #6inatiea (SHIBET) hbsumanikifsy high
whi ch follow repr esent enbodi nents di scqovered to

f unéPsed fecRritiuctiqn of fhe meagweq wav ILE'P“& BYeFapHURA P BRjire aﬂﬁplex

t husy G o i LORLH @tgﬁﬁ%&g@ somst istabile 8o MaS @illiced o
for the practjice of the 1nvention. However, it s uId

be apserusementscl@ixelarng neaige) dhavieme high ppasd digieldmage qapigre and
exe QBJoﬁsrtbﬁcF(m) i TRATST WhisGis ﬂ{e%n@e %Sllnﬂl%@ %a‘@éﬂdn@pr%tu‘dlnlg amplitude

obt al ni ng ke or simlar result w thout epar
f r oetahae wsb Ay phasedath. ShiRpecapftructien tambspeifenmed on a desktop computer

AcC Q4 9 krgcq of (Ii pe%or? %ﬂ%%:ﬁﬁe r%h&lutlageﬂ%n tEﬁ F%r‘i‘lget leac’-sl% héirdware

limtl ng e scope I nvent 1 on.
i nveaigoridm mmlennancalnumlén therbixtl bgichl frmosmasanmanlgar(yl hiolggical specimens

s dr e pYgr e el oL BP B DA Vi eI BBLEY cements o
t hr arepedmenmt Wﬁ&sﬁarﬁﬁ[ttlm@hkylgh Ehaftsdpemﬁﬁﬁs ﬂiatvﬁiﬁdlﬂlmdlces of

usi ng. Spati al - Het er odyne Interf SHI ). .
MeadtfracHen ¢reme ggfﬁ‘ﬁr“éit‘a?ﬁé‘\?é‘?%%ﬂ‘f 3@ R ff?feW%ﬁB?tpPuaFP the direct
and RRAKFEMEN bf fhabd W UHIEY, b} wdNeuRdderot Elﬁﬁgﬁﬁl%ﬁﬂnﬁley\ﬂt\kﬁe materials
whi | e passing through the object materia

Spattha ForpRitse pt aliae of HicErst ae Greiltogni/s Framﬁévmf%fstb%ﬁlummatmg

( SHIWT e ARAIIM EFERES vidSsE the MABMAI iPRalafhel & 1€ BiferkidEof the
obj ect beam and the reference to create a set of

| i ndepsmitpyavs, Qr]qlaitcogﬁmapg} nynqﬁgtaéﬂwgﬂ)ﬁsé ang ipdex of refraction are
trangmhiht e tWﬁ)&r e trapgﬁltﬂea\fv‘?ﬂ% ngmh "’I-Ye@erS%QE (k& fLrdtiEry For

i mportance o e measur enent of nsmtte
conlirgsmigaiee (BIBIFT s hds beerodgvelops! tg amﬁuragamsmﬁt\@l ogmglex wavefronts.

mat e["rhle %elféc'ﬂenclela%cliq 81%%&‘%'2%5 are combined at a small angle on the imager surface to
create the spatially-heterodyned hologram (SHH) image of the complex wave. This single
image is then manipulated with Fourier analysis Voelkl (1999) to reconstruct the phase
and intensity of the complex wavefront.
FIGS. 5A-5D depict several examples of the affect of material thickness and index of
refraction on the transmitted object wavefront and, therefore, some of the properties can
be inspected or measured by SHIFT. For clarity, it is assumed that all of the materials are

purely transmissive such that the intensity of the transmitted image is the same as the



masks, and bi ol ogi cal sanples. In contrast to
traditional phase shift interferonetry,
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10

15

20

25

30

(SHI FT) measurenents all ow hi g1 speed reconstruction
of t he measured wavefront by c@pturing the entire
onpl ex wavefront in a single digital inmage. SH FT is

abléhﬁﬁnﬁﬁﬂéﬁﬁﬁHY|ons of phase neasurenents

( Pi X963 :ﬂlgwgEheq{aﬁﬁ%rrﬁaﬂo@oisdnngurﬁm@t'l&m%%@@i toH @nbltted wave 512

i mge capture and reconstruction. Al so, SH FT neasures

the b AR pbjectééﬁ’pavmwxfmrt@mogdrm“dth@gmimﬁﬁr%cuu@mdm M. FIG. 5A
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Pdﬁ‘? SSPICHY PR PR SR SSEEFRET FahRe Medrared 4pY/g aspecte
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measi#entthielosg “ih 48 éq‘Bﬁio'SﬁPrr@ﬁe““W a genefgh fqrmaf aq dymingtion wave) to
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Mat §fde@IN, lafd Qgﬂél@'regﬁ)q 539 an‘H% sbh8 RthabiveQhddx M. FIG. 5C shows that

transmtted wave a conbination of materi al
t hi ¢kpesterialy dvmhrqidé@termfndrce$ elaefractinn become oisitde Mecbhase impge. FIG.

pha%% s‘ﬂgwg ﬁ]% trtaﬁsgor &* &dan 1 matﬁ?%ﬁ g#}ld—ﬁ aQF erl'i‘t@d wave 542 by a

Interferonetry ransm ssi on een
dev &bmp@nie bbjeaHgt baveng 7 pomten J46evd thoofinst reﬁraqmav eldexoNt gnbedded in a
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ace
S patlmt&inlalyco h&tlﬁﬁ@zﬁlyﬁﬁdt if oism@r iansipSlettiansrisgen pjfasd ifage. If this

conpl ex wave, This sin t hen

o ¢ B T g & PO AT DSl By AOF LU ORGP (P g intensity
phasMag@s & hichti€etsirhoh i@ bidldpecat mipdsedpywamples.ont . FI GS.

5A-5D depict several exanples of the affect of

mat eri al thickness and i ndex of refraction on the

tr angad td £d 7QRLE o U\@.}éq;pﬁ@ﬁhes@g?ﬂ ,fortsbaﬁfaﬁfnél&%dyrﬁmfé?&metry for
the properties can be inspected or neasured by SHI

For trahsmipsign. Gf goyrse, the snyigaiepntifaat hmwedéﬂrthﬁ%wwamb@dlmp@s
ar € RILELY oINS Tse hr}{,ﬂerﬁé{ﬂhom@a trﬁ&ﬁ] s%%%%h&é/mé}ﬁ syst¥h using

transmtte IITng 1S e‘sam? as umnalon
| nt epgiat-heterblyBe IBAfabrostey it Hepidtedan's faseriPdf isomptiodilyanupled to a first

I lbl Lef>c m%)l L{grhrkgwxge i tgtﬁera?n a@lttte %P‘b% cggrl%@%l%g Eolgfnkgy 1ll§||%mat10n

r ef nams toR¥.e ThefitetdlrhiGatidnAens 625, is optically coupled to an object under
inspection 630. The object under inspection 630 is optically coupled to a first imaging
lens 635. The first imaging lens 635 is optically coupled to a first mirror 640. Of the first
mirror 640 is optically coupled to a second beamsplitter 650. The first beamsplitter 620 is
also optically coupled to a second illumination lens 626. The second illumination lens
626 is optically coupled to a second imaging lens 636. The second imaging lens 636 is

optically coupled to a second mirror 641. The second mirror 641 is optically coupled to
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a |l ayered object 524 with two coextensive |ayers 526,

528 having two different ref rati ve i ndexes and
respectively. FIG 5B shows that an interface between R

t wo CAERIe tp dtessecqnd peapsplifterfele s ShipRCqUBledSRY TR WO is optically
scanoffasH R Mnd beARsphRerB86.S NbRUhaa fHd/oBlect MSRPEELHe reproduced in
using the transmtted wavefront. FIG 5 shows the

t r anke referaaes S softhat ghej abjegrarmang exierore 8ms 3OV TN e Wptehed at the
an ition representing a general formof an

illumnation wave) to a transmitted wave 532 (together

Wi t FIGD depiststd genenice§HIES gaereity in whecheheadbjdchang refleresce beams are
transm.tfte e . ! ' . | t
RSB EhSIN gPRIRAL B el PR M s

r egipass thd8ghwiltuminatiselensesl Trefabgect heam thz_m:tﬁlxseFtl'@)ugﬁ thetnbyest under
e e S i B B gt i
S howsrciirfigarice, ansdhgechaddepinsttians béihgloonmatddan fraaspacd ABwever, the
to a transm tted ve 542 by a conpqsite object 544
naviPFEre B E AmEaeonpt R fy SEeP R abiEet ST fgsgion is o be
em@:@ﬁ‘ré&e&.”ﬂﬂ: imakihj Yen3 hewichilecBths BBjestAnd Rfféraritk b¥Ans and pass them
i ndex FI G_ 5D shows that a naterial chanlge internal to .

t he iR ECBIRRER: PsPepman!ferlortiedin SioRiidng ¢ GRSRMEEPGhe object
phasQq tdiB&Re bbdms BicimpRit S Hadil SABUIST difibref3BBER e the to generate the
pure phase object, the material change is invisible to

i nt epgflal-Yetpradigedringsb.ch i s common in biol ogical

m Crl&?ﬁﬁ‘ﬁ]? toFi@ j,?%ecoﬁél %plerﬁe gn Zf ac‘t}g"\’é’nﬁs}éﬁnbl?e%élﬁemem system
optical designs for spatial-heterodyne interferonmetry

f or usingspatiaklstaedyn©intertenensatry is depidtesy entabesd 19 is optieally coupled to a
Fimg to t.he t odi ment R ri

a1l Ui a0 ad o DR SR 1o E bl bR & ot under
Sy stirdpedtivh 730.SPaet dbjdct ireleeingatytive 130 tiesrtiealtymetiplyd iosan imaging lens

depicted. A | aser .is.optically coupled tg a. fifrst .
bonrat b ieadns Teiseprey bERise f AL TS Thé il mimor 740
Oﬁt iif@;btic}ﬂly&fblupl|e@d) 4 @lagt lal‘nk 7583, THelrelay RAS 743ris bgfrallpmpled to a

The first illumnatigon | ens 625, is qptically coupled

to a?ﬁcoasjbmspumg?B-i Thsfascheamiive] 2Pbaluohsedlyailed t 2 second
| NSpgglot 2N. G340 sdcon®Rirkr 3l % dpaLHDly @Eupl 13 ah iITuslindtidh Bink @46. The
| ens 635. The first imaging lens 635 is opticall

couplheTmEoTeT TG £ GRiF Bicomie fode FrdREIE e folr Agheree

IS QRLpIERHdvYce CRAHEN 960 Is%pﬁcaﬁ?@&fﬂ)@edt{@ HIRRohll b&ImsBRkr 7361€Note, in

first beanmsplitter 620 is also optically coupled to a

secdohid implemertaiioniasrmplied optis patiieusse cBetlierithanundtefang thpobject arm

| ens 6 i [ y .ed. : ' ] I

63 6.op$§s em é%crg%%nlge%rg]r %18 ‘i’l?{@lﬁgﬂgg gen? énstﬁg P&Qeﬁc@% % ele&BPto match
the wavefront with the object arm at the CCD.

FIG. 7 depicts a simplified transmission geometry in which the object and reference
beams have unmatched optics paths, but the illumination lens in the reference arm is used
to match the object beam and reference beam wavefronts at the CCD. Any mismatch in
the two wave fronts is constant. As long as this mismatch is kept small enough to still
allow the image to be contained in the required region of the frequency domain, the

mismatch can be removed through image processing.



optically coupled to a second mrror 641. The second
mrror 641 is optically coupled tocoupled to the
waeemsndneanspl i tter 650. A charge coupl ed devPCBUS2004/027749
canmera 660 is optically coupled to the second
beanmsplitter 650. Note that thie ‘object armoptics are
reproduced in the reference_armso that the object arm
and reference arm wavef r ont §xapRle feit’ched at the CCD.
FI G ideRionlcin ﬁ\cﬂn@@?ﬁieﬁlo@lﬂd: Bp%&%r%lqdﬁhg%kpﬂﬂe tdiRcted and
obj ect and reference beans are matched. The | aser beam
i s shimittecromplanovayafrenss efyanelestremagsetihuayespstident @it a translucent
Bot I?napeq [Br P eth ms ééqgn/h:jlrclfm%n&ttheorﬂatlsﬁﬂ%ﬁﬁg Sa-al?ﬁl -Heterodyne
obj ect beam than paSses throu e obj ect Under
5 ins rbracrtfdromsetrw\ﬂSHlI)e Itdie indfids emwold@adwmrmsrfwesea@wmg and
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the 0 Imspect’i L on eing conpared to fréee
s pae&ptrdsma@mmwavte Hes frcerﬁ eraeeﬂ):s nmhdgrbzetranlyacemb pbjectt sunface a

mat eri al whi ch the object .under i
corparen o fraiatgtaige FEREEeasHE T cufFBER i) oS from
and thiexhQéed 6@ fdoe aNsystdnl whRb 8art deqiiveie Corhplex @ﬁaﬁﬁﬂtﬁm’ramth the
A beansplitter |ocated in front of e i.ned

10 t he tgpjrdted Addefiesid ManeeapRaNEd th?P&}y? ?e%lrggwm |
ang@padal Kbkl RNEETESIMUPER tdiiRNonAngd B ARHAIsRNI(BBIRT) measurements
spati al - heterodyne fringes. Referring to FIG 7, a
sec arithe spplbarglt iRIeTeIRNGSHio grepte am EYATEEsNEHPAYemSs 19 We¥sh the method and
SyStaE{;QrzH% lﬂige ﬁ&ﬂtrﬁcﬁ'jllf' J486 ELpRBY B&h 'tﬂetttedﬁgrﬁftgmﬁ\re‘frohtsafter it passes

depi aser 710 is optlcally coupled to a first

beartrpight theebjgpbeingmeagtd ansktheystlpatgsl Wavelpnty £gptugng both wavefronts
opti.cal | |

15 LRSS PSR MO O e
to and wtangbtng ldspcfwor? BBranilheﬁnt olfgitnYlcaaming ?%cqn@mmg both
?np:, Ir %?‘slnlaf gnoalfll re ectl aﬂ tf) ful arac 8rr1 re%rtaan?lg ent J;hjecft ks i%mely valuable
The fbrehswctlngmhog%hy snaskptwhealtheje ﬁebpﬁ]éobaqae) aurgae feadires and

b litter 750 The first b 720 i s al.
opt TEAITS Eaurarariorss ARG PTPOP sz e TG sames

20 M I rHereihd ol $ infgHtriaGéd 1h3paﬁ§ﬂ.tb|tl&dw5v@fr&ﬁs isldluél fol vagitlic®8 in the index of

| ens 746 The |IIun1nat|on |l ens 746 is opticall )
coupf feagtion, Mgasurd thg ghase Bl’rlftlof the tr’etgsgntt ‘ﬁ‘ﬁ’ﬁra@%the phase shift of

C OURhEQ ISR e GRfTE%iBns B dcSur@PEeBAulficedRbieR Gwd Malehfls with
second beansplitter 750. Note, in this jnplenentation

a sidiffsrert indgx efpefrecsiopsa il prhapeedfie atidity Foimagn al Gharaetefifrfeatures
the ;pleSGhpi@r moptics in the reference arm the
i 1lum nation lens in the reference armis selected to
25 mmat dincetwe amansetertbmipatidl ftequdney ofdhetringes tmheterodime tocpave
\l/:\AIWGC?]fg agBlog\gesca tﬁ’xg EQBLt'i ggtgrﬁg%rm m\?@eséaﬁ %qulgggatcro%pleq wavefront a
‘hologram’, and therefore the recorded wavefront is a ‘spatially-heterodyned hologram’

or SHH. If the materials being imaged are translucent or transmissive for the illuminating

wavelength, the transmissivity of the material is contained in the intensity of the

30 transmitted wave, and a combination of material thickness and index of refraction are
contained in the phase of the transmitted wave. The reflected wave contains the
information on the surface topology of the material, as well as information from

reflections occurring within the material (at boundaries between materials of different



beans have unmat ched optics paths, but the
illumnation lens in the reference armis used to
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the CCD. Any msmatch in the two wave fronts is
constant. As long as this ni sm&tch is kept smal |
enough to still allow the image to be contained in th

r equffdeses of &gfiastirngt Thaseforey @RtvERE Yol Sreapticctedprd m@watfeéwomplex

can yR@ed ;ﬁ@@&é%@ rhddE Q(Hﬂ;hetb BROK Pz AFRD? 'tﬂégyb}%&ﬁlmlg‘%néﬁéte@and an
The invention can include a nethod and ap Barat us for

acq@Prardivs andmethoddorcaptueng exnpigravavelipripior betl theggfieced wave and
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translucent material for conplete | nspection/metrol ogy
of {Thansmission (HHIRTS canraSpeet $imulidnspestyo tgthehe reflected and the transmitted

I nt t SH). It also includes a nethod and
appgg’éﬁlﬁg%‘f){%n%asurl ng and conbining the transmtted

and Fi@$. ISQ’CSIQ depio I&pdr@lesmmfaff@ﬁtcé su;faw feamuns omsteryal thi¥iaass and

on ¥ 5 BaRRR e s T L6 et RanBietdy fom oRebRR e

enetigyefors, iohﬂrchs metphqﬂrtiemteﬁn ﬂehﬁpmiécﬁfrlrﬁasﬁétﬂb}%mm IFOG. 8A shows

is reflec fro e materi al rface.

can R PR R CL B S0 £ P8 3 Gosehave L and
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and i ns%:ct bot h. Spatial -heterodyne interferonmetry
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use ylhenitlPhved29hfd 4 RESHEEN 8RR K24 B?a @d{)@[@@ @b}@& 825 with two opaque
interference pattern; however, the

appandac SeahaesZp8dh andgoicPexEnsiye &S §2% SB%tlwmafevo different
tr arﬂéfFchl;QGQdé@l@é’ﬁf{[ h%“sée‘é{.vé& passes through the

obj ect being i rrage he refl ected wavefront.
Cathnce thg trbmnhttwlaanelfwfameé signals baye Seemdbtaamed dw s@mgtrar:sbarent

S ur %8 ect( D nfe P férnlis%gc 1s rrrrlgl%eczjfnlpleteor\é\gre{eo{atl {%]ecgwﬂl vary with

€’ an I nSpecton rans
obj et @pl :Maaﬁ UFdrrganapi€ it E)hioidglcagsablpteh;oﬁ”lb amsmfslm specimerdmay be

refl to fu char r| ze nsl uce

" iRl e aillhy 9 PR e bESeRvt P REG DG hiihd omer
WhGI‘p@rt:i VEIR vafysidislt i tho pirgel6f) ths itirdsatiee dfve@éfidne Guaddndex of
t hi ckness or, materi al varj ations. Anot her Lgﬁlpl ication

is EXETHON Yigiakens) BymemaligggiesstNRriBRees eRd fusige faddition,

I Nf QRUIESIicAbn, EPRHeRo dge@net Reneu&hil@ninggd o tkiiPediMen can be
variations in the index of refraction. Measuring both

t he dpyehansd dier metrelpey ofehpiolihogmphydaasiiavie ratiestadeavpirens grovides
shi fhEl B infoBatloflof S ARNS egﬂ’egfail)r&{ (')&ac?‘e (\éﬁrjohepr‘églldﬁs While the

every surface between two materidls wth different
i ndénansmissief image providys agditert ragaarn oEphapeeshafb ihirgugl thegnask which is

i MagfcAl Por %Eﬂrrgsghﬂgﬁ rzngsljs.e ﬁtpﬂgs%§hiiftrbnttn§m§s§qp!)x%duced by surface

etching, reflection also provides an indirect measure of the phase shift created by the mask
if the mask materials are known. In this case, transmission and reflection both provide a
measure of phase shift and this redundancy will reduce measurement noise and provide
improved confidence. For metrology of transparent films, the reflective wavefronts can be
used to measure surface variations and flexure in the material while transmission provides
a measure of material thickness and/or index of refraction. Regardless of the measurement

scenario, the combined reflective and transmissive method guarantees a contiguous



Since we are using the spatial-frequency of the
fringes to heterodyne the wave information, we call
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conpl ex wavefront a ' hol ogram and therefore, the

recorded wavefront is a 'spati zil | y- het er odyned

hol ogrami or SHH If the materials being i maged are

t r amsthod @naraneestacapiigypessihoracteiizatiomef the Mf% jiffgmal features of an
wav gf,en ggertgspe transmssivity of the material is

contdined in the intensity of the transmtted wave,

and FEGS Grmpil ABslicyntworbapia prfdabdesighs fok rrasial-hegtriodypelaserigfometry for

ref re%&téo%naga r?ms%g %I B?gt%u;rs% tthQ vgmﬂ)ﬁqs rQJt llhhl%d tot ese embodiments.

transm wave. ecte wave contal ns
|nforrrat|on on the surface topol ogy of the rraterlal,

ion . fromreflections.o [r]
oo NPl R PR P e bl gemen
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capturing bath the An transmtted conpl ex

oy etunito  dux vtasaler o Fi BN raP SRR 153 p Rt S o2
obj @&ion&)séaﬂgplhm pmtm saddild Beanapltesr 0I5B ozpnchu@rebdmm th @ffirst
capturing conplex wavefronts for both the reflect de

v BN O3S The e WEpE i ndertiaq ippically coupled o a third

Spatk HhspliRire30dYREh |8 b&infsph@Tesa ¥ oE;ﬁ’cEallFa Slpgtth @MirNflaging lens
Transm ssion (SHI RT) can capture, sinultaneously, both

t he 98%f Thedfirsldmagias tehe935riaArtrally exppied ireobissayider tgegtion 940.
Fl C':‘%he §é%o§cﬁoqug¢lﬁfer t@%ﬂ%@@is@ §pt9:till}t aﬁﬁl%fi teLlecHd ifith {68 tens 926.

features, mater I ckness and 1 hdex of refraction
on tTﬂne setcpvamlmrmltaédn kne936a§ Prtiseibiconpled fa ofeugh peagrsphier 950. The

ob J r . e Ny

| Sk 3y ST B0, iR R AP GRREELERnE R, A secona
t r ammﬁgmgmns i3 indptally dduplmi red tieferenp@mard 260.t Bhfotrth eamsplitter
tra t e 51 A efl e 814 b .
obj g@ms E%YIH éO%P esdﬂ giltg rrbsgf terqﬂéﬂé charlgf;| co%&eﬁﬁalcee camera
r ef 0getsi dpﬁcdll@d&ﬁ@leﬁi thhe&BtlﬁHk@MBplﬁthﬁQ?tOr ains fiest hauisplitted D15 is also
an illum nation ve K20 to ans ted wa .
822 RGN Coupledde f BHr (\,{)i%mgtz% rb&g ibeeﬁhggl lypriRasion deg 927 i
Wit Rpliddly R0 & WifreORt5f @8 irks 982 f3,0pAdall3REuplsio a fourth
coexFenS|ve | ayers 828, 829 haV|n% two different

r ef Alberingtionilens&28 s Thifaurtedlyminalionieps 948 e epteplly Soupled o a fifh
t r angihihifd 183926 eth EGHEALRIAARM BndPP08s HRRMIORLBIN L sixth

for a sem-transparent object, the nethod for using
t hi desropbitterdi?hl Eheobjesp peden imspectiomo49Fis epfisalhbgaseled i 4 yecond

Var ¥ éé Sgkkb@%aﬁﬂle 's&@ﬁd bt mg%nf @?)(ﬁm%lgﬁcall Bodbled to the sixth
sanpl e sone part pec may be
h| g Hvlegmsrpbftbr&%l motaﬂdhsrlg@wuwttdwehbe ¢a|mer2h%90| ineomtiesliyt gpupled to the
the r flecteﬂ f ont hel v”)/J he
dYr? ¥ f
Vi Si bxl?h beia téél\%\rzgsgo%ftha?ﬂw O?F%ﬂ% ? (],;Sdire 5 Ofi rcon re erence
t 0 iandex thaf the object arm and reference arm wavefronts are matched at the CCD
FIG. 9 shows a generic SHIRT geometry in which the object and reference beams are
matched. The first beamsplitter 915 splits off a portion of the laser beam to create the
transmitted wave reference beam. The second beamsplitter 920 splits off a portion of the
laser beam to create the reflected wave reference beam. The third beamsplitter 930 directs
the object illumination beam through the imaging lens and onto the object. The reflected

portion of the illumination wave becomes the reflected object beam and is conveyed to the
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wo ogebimon4s a nore detail ed i mage of the speci neeT/UsS2004€27749

10

15t

20

25

30

devel oped. For netrol ogy of photolithography nasks,
the reflected wavefront providés hei ght infornation of
surface features especially on opaque (chraone) %IOHS
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t o qdihstbnlaa TeR. |Tﬂe€ffrst9139nméﬂbﬂ leHQllDEb 1@@@1"631[1&' bdupRA to a third

930 is optically coupled to a f rstlrra%; | ens 935.
The brapsplitter}@a%-nEhe i by gsplttr Spiieanticy! x:%?@a'leéép § trsiifaging lens

obj g6k, uﬂfdﬁfrst'1ﬂ§@€§feh§’fﬂ4@4soopt1&h@ SEnaNE Hes nbiértifdpection 1045.
920 is also optically coupled to a second i1l um nation

| endho pbiject Phaerduspentiah 1 D43iappiiellopoupled & Dpsondmaging lens 1050 The
opt ig ' %h%“ea%éf?&te@qOESO%gBtﬁng;E E@f&f‘?ﬁk{ 1tn§rﬁ;r 18539 Th-gl?ﬁst mirror 1055

fourt eans tter 'S op Ically coupled
sec ombtncaﬂygiongedi wresse@5E illurhieatpadeon doéqwa?ﬁersgcdné ribm%@on lens

If guﬁeﬁd B og éﬁll% g?l.[) e%q%ggouath bg%rﬁsgﬁgertelogga lr’rl%rfglgrgno?eaggﬁltter 1065 is

fif topticatia rmnalladttb e firsd Zithrgecooplad gﬁlcte«taméredOﬂE\/ThBEflrsldbﬂlﬁfnsphtter
1020 is also optically coupled to a third illumination lens 1031. The third illumination
lens 1031 is optically coupled to a second mirror 1056. The second mirror 1056 is
optically coupled to a fourth illumination lens 1058. The fourth illumination lens 1058
and the second imaging lens 1050 are both optically coupled to a fifth beamsplitter 1080.
The fifth beamsplitter 1080 is optically coupled to a second charge coupled device camera

1090. Note, in this implementation a simplified optics path is used. Rather than matching



980 is optically coupled to the fifth beansplitter
970. The first beansplitter 915 is also optically

wa@omwplhed44 0 a third illumnation I ens 927. TheP€hUszmh04/027749
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illumnation lens 927 is optically coupled to a mrror

945. The mirror 945 is opticall® coupled to a fourth
ilTumnation lens 928. The fourth illum nation |ens

928 pptl inysed. c&ﬂlth‘V thapupAteng the abieqt pmpoptics IvihhEeferense pemdhe

929 f [ I

coupl Lﬂﬁtt{%’h é‘;"g |"£<t hv%zrg%tg SIQ’Ft'StSSE&S%’%éf&e‘ggngrg@tw%nth%?bj ectarm
i nsyaetd:leﬂ@@ 940 i s optl cally coupled to a second

s. 936,
opt| caglloylsﬁ‘cg:]%sua T'”‘B“f‘e faﬁggglg]x %JE%% gg‘ +§?ﬁ thg%g'?{s‘s"“d reference
Anobbers Hahamgmtdmd pbml pdmmbuethe amanaau@s Cnbes 10111658, 11960 in the

coupled to the si e 97
obj BRECR AT ST O BFBAUELS o 4 R CF ol G 0L fgoo. Any
SO nfighatétia tkdxweGiavefishtais dorseher ey arthis wayﬁtcf}ﬂl 9képt small

are matched at the CCD. FIG 9. s

georBeys) ¢ Hilkarwrhs mzepis t@épmawa*p PdberaEd Tt %éiﬁgequency
mat @BRdin, the Gidnidichical 8@ rBRved thefugP kbags phdcessingf f a

portion of the | aser beamto create the transnitte

wav e passibleaheraatiys snihe Tieghod apd prpatsiis Hisprssed 2bpvais e FeCord both the

spl idRcfRh vaGefRAL ﬁdd‘me t?efnsﬁxh%d |v@$§Fonpﬁ@lggrﬁlﬁs &4 &RLECD fRage by

refl ected wave reference beam The third beansplitter

930 refiordiug egch Wish e bjfteeant mamlrhermdwarwarmdhﬁreﬁd@m tvp élfferent

i magj f

o SRR L R, Lo TN, LBy 1y i

obj egdter emheahdgrieg te aivrethe defteqed! Iweuecﬁrnveqlédhettmnsmeted?@@vefront to

F i1 o6 gt feiafe GE0! SERR, by Byl de AL P o e would

bearb\e IcSnvIey&Zil td @retCEn with éherabflizy @nagy the amglrof incidentrebetween each
our eansplitter 95 t hen

1 ORBREREAN (3 o0 0T T HBaPet e GG A e adhperion s

at  @ombkis canignth B¢ oplichifyedoaple@ o dwitgld ﬁidﬁfoﬁﬂtbeﬂnﬁ)}’ttéﬂ’tﬁat routes

orientation of the fifth_ beansplitter

r ef IPQERaYS pljeams toyBasAmedd-P et ¥h é@“%‘é‘/a‘i‘ﬁt?rﬂ%Vﬁed holograms can then

i Nt hQ6RIO Einiuh@neg@ﬁ&r&am@ kfnBODLaPdifeRAL PaddNBeterodyne frequencies.
refl ected wave SHH ortion of the illum nation

wav &t HAdveRtageess that the reéle@twetr?férewj bsem aprbidie Aflect geobject beam that
tr arﬂ%mlet &1@ Fi:ﬂ@(guv@ CdferBRRPe AR %bje& teth! Oéﬁﬁé &d nQVcth@ntSﬁﬁ?@ﬂ)ect to the

i mgi ng ['ens and conveyed to the canmera 990

si x thanfreisshesykietened beam5ind Tedrangshisy erbiechlecam thatalatinathpyansmissive
t he |

el SRR B 2955 Y AP s e

co n‘mimohgwpt shgrtmxantly wdscmlg the doroﬂujtrawhalmmwerbynw foe agdlyeirg the two

bea | tts t e oqa or I?Ele%leftla Qerody d holograms in one
§H’"} hee® WB TaAFS B THEPIS SPARTSET EREFd PR
SI xtdﬂgniaemphmtdésehb&mii nfode ddnl m\Ah&rSet.rNay lﬁ)/mlzaa A€ r16/607h,824;

t he ra 990 a SHH is created. |If the reference
obj €8t g(%@tﬁpo be air or 'vacuum ,

Practical Applications of the Invention
Practical applications of spatial-heterodyne interferometry for transmission (SHIFT)
include: metrology and inspection of photolithographic masks; biological microscopy;
measurement of index of refraction; and thickness measurement on transmissive objects.

Practical applications of spatial-heterodyne interferometry for reflection and transmission



then the reference object can be inserted between the
two illumnation lenses in the reference arm FIG 10
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transm ssion/refl ecti on neasurgnent system using

spati al - het er odyne i nterferont Ory A | aser 1010 IS
optically.co flrst beansplitte The.

fir SRBESHRD S?‘tnf'g ingf "ﬁeg" 8Pt edsPeetiop P t“&i’géapﬁ‘c masks;
sec sloh@RABRbIch e bndlfRBltandHI8 nSRAGREHer 6RINBEN dftréfRictidd) dlickness

is optically coupled to a first illumnpation |ens
103@nd Jyface feawyres of p tiaAshisent Shiefte Riere gg giriuallyigpirpesphls uses for the

COUF?Jni%Fln&Pal@of\Dhnmn&%%ﬂ@de&ﬁl&f hekd35. The third
beanspl i tter 1035 is optically coupled to a first

i magi ng | ens 1040. The Afivastagesai¢herigvanéas 1040 is
opt 's‘ggﬂ Jl-Yletgr%ldgAeg%tgﬁeraﬂet%?q%ﬁ@%g%ﬁ (SHRFPE q‘%dr&@ntﬂn 4n-

ect un I nspection i's optically coupled
t o a:rr@ecbmdt of peegnvegtibre gan HO®S ef fEbiey esind adidnto geavws foir lat ltzet the

%?rzg ow1 é’ }elas%%lb lgéana? HQter%g% ?llr%ert‘ero %trg(?o{ trraonsmlsggg) all C‘ows capture of
i1l uka crmatpilaxnudveﬁnmt l:@ﬁs(&nttémhrosgcmmct |Slpmah-hétbmdyded firgerferometry

106 |soI|caI 0 ansplitter

T0680" RSP P SRFRBT e Br-Dap B0 SoBIET BAPTySR wavefrontdue

cou p& ed ficdthat drily stinglbange 1:ﬁ@qm}eedspilﬁMl-}ﬁa&rcﬁﬁﬁ@fiateﬂfgrB&etry for

The first beanmsplitter 1020 is also OE_ItI o% pl ed
r?%glnaa erials (n

to drapsmipton fllowmearresrent drhasgggration onuniformities,

11 Umbiles QRark@MehahBd lett p Optical ly coupled to a
second mrror 1056. The second mrror 1056 is

opt iSpatidlheterpdned dnterferameteyfet Feilpgtiop andhgnserssion f3HIRFS gepresenting

The at\ Q%Bthm'e}ltl o menﬂelnf%h |c§p§e claggégfe@}% aB@ﬁ‘dvﬁﬁtﬁ%@gs for at least the
i mgi ng [ens 1050 are both optically coupled To

fi f tipllaydngrspions. tSpatial-Hgerodsried ifterfaromeseyfasisfleation and @@emission

s %Hg\lv‘gl%bbﬂan%g#@a&gre of h}% c%ﬁl%fpé? %a@gﬁd’ng ﬁar%%%@dqgoﬁéﬁngogject and

caner a I's | enentation a Si
opt itixscopgldx wayelnge cefleRad frem thmtamecnatrtahe e atvbntlos impm®des quality
Rat her, t h armoptics in the

ref éF d/ﬁr reg‘fff?rfos?ﬁgmg?rfgﬁpr% ?ugr?p?rg%cshe n the reference

ar mlihs ts@b eot 80 ad dedrhdrein, ey inedad onsior motdtbarodjeeTlie tammplurality,
at theeggD..Fl%e 10, shows a Si n‘gllfl d transmn ssi on

georfatiey PRI NS “EbpTUBere dH 1Y o OP ST BESNE traderein. s
UNMRfe S RRIGhs @IEASE 8 s2ahd & mdReltThe lgmb &oumrmg’r @BmbRRS &Bmprised),
1031, 1058, 1060 in the reference ns re used to

mat cHClEn fasufes dreuded andips “barpe - $0%99 hargigopre defined as
Any ogbﬁﬂ?% Be iR, Felaﬁlrﬁl%hmyﬁltefe%ﬁedn@d GRNSeR Rdr- theaiﬁTlusmn of

| ong as iS msmatch is kept small enoughto stil
al | dnsRrepidied m@@Ute&)@@U%MS&P%@ ingrediens(s} gniin waor wegusts- The

of tifighsh E&QH{?&OXC&%@' RnsibH aHEl/§JT%E.Bos‘?@g“ (&?nﬂo@é!oé/o%q)osed) as

t hrough 1 mage processi ng.
used herein, close the recited method, apparatus or composition to the inclusion of

procedures, structure(s) and/or ingredient(s) other than those recited except for ancillaries,
adjuncts and/or impurities ordinarily associated therewith. The recital of the term
"essentially" along with the terms "consisting" or "composing" renders the recited method,
apparatus and/or composition open only for the inclusion of unspecified procedure(s),
structure(s) and/or ingredient(s) which do not materially affect the basic novel

characteristics of the composition. The term coupled, as used herein, is defined as



A possible alternative to the nethod and appar at us
di scussed above is to record both the reflected

worwshiom and the transmtted wavefront hol ogPEITESIIN4/027749
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one CCD image by recording each with a different
spati al - het erodyne frequency &efi ned by two different
smal | angl es between two_correspondi ng sets of object

and cPEreErd itkoush apgneceppsilpiifscty ag@ g?tm%%ﬁﬁ'me%@w&ﬁeﬁw term
to %Fﬁr@ﬂﬁaﬁf‘y helsk@RdrEid, \WaMRiel Q04 188140 % 4 FidBSVHIlel €., preferably
waver r ont to be conveyed to the same CCD.

Addiwithinkd% of, moreepreferably evithin 1e afrend mest@seseraldy Withadel % of). The
woul [

t o Amarar R LR, P SRR AR ek oly
its whgq‘he's specified hmteriagendrallyt amsed hardip, is dgfined as at least approaching a
gg?{é}s c Ft}z}tegi;lhe tt hactie[pio%pn(:t alls%rs]?aaﬁer grglq%)clieolrr])g a Ca%gl ﬁé}lgé ri)u{tf%ng
t hatshippiug, eﬂstabkiﬂg‘anpa;r b;serzufngbﬁamsrnt ednkas $lmdﬂ1e£éﬁles defiged as

oo R T LR SH oV R R A des et TPE s prosanor phrase

S patcbmput&rgirédrad ya @isdd HRegE iCdefified dsta sequeacivaE NiisBrgadins designed for
that the reflective reference beamand the reflectlvg

obj EXECUBULIA & FPMPULFE FYSIFE Y REOFRP| Y CPMPWer IPYARNPRY include a
beahRbitfe!a fAR&Hh 2NgbE dBfeCar $HjecE MBMLE AR owe&thmb@ﬁ@maﬁon an

to the transm ssive reference beam and the

t r asserHEBleRaPlisBliee £ fRPAH & EHCLHRPHITE CRdsean FHfFE PSS Shared

ref g W%Qﬁ%&“lﬁ%f aRBE B W fienck Bf ﬁﬁ@t)‘ucﬁgﬁsrﬁem ghd¥ 8r execution
single al ternative has the advantage of

si genficempyipror cempdEniysteie conput ati onal requirenents

for ' [

oo Rk MR Aot D Bl AP Rion BEIOLAAR D Hade d used
one wdihgittuatue experémentasiod erskzght bedie disclnpre THe traemtionns ngt Bmited by
Pr ac eoreu[:zgl A%t th’g:}é‘&g’t%% &8%1161 O%lth%fz,l Vtél% (I(ajslé gnro %‘ cg{C ag7l‘n§ out'the invention

appkomahﬂ@m&bpﬂwSmahmdw1hékemadmnmnmmmahéewankmﬁwmﬁbnnmd

of * BBto gl hASHeES g5 st Ao sy T ifenion

neaswywprhtcn&ﬁ otmdﬁxce @hn isabécdallp aescawa HekbirG k ness
nmeasur enent on transm ssive Ob ects, Practic

appl WHtbe sreifet thapwrious s%ﬁ@f%&%@lﬁlﬁf@w éqdb‘fPé‘F Rd/gro

r ef l&elh ARG tHe 3BT SSHIRN Y ANSHIng P bOMadeSIHIN) deviating from the
i ncl ude: netrolo? and inspection of photolithographic
t

mas IBBITit H1dHIr SeAPe & hmue(ﬂ%lgg)@plg,ventawogq% ltis, dgegigd that the spirit and/or
sur %wgg %F{Ne uﬂ(ﬁerl‘g[ﬁ%qﬁ(vegtflver c%fu!e@%s' o@ﬂnedtlﬁ" tﬁé‘&b{%@rﬁie@ Bfdims and their

eature a translucent obj éct here are
vi r teqaiVdlgnts envemadk bt substifpizons gnodifieatipmpy edditiann ancuw reagfangements.

whi 9’!]{ e ngleé%E egglegtgtar% 4e§tqrelg G &ch MM@@& %91%§d1 ent cgﬁ be combined

I nve
with, or substltuted for, the disclosed elements and features of every other disclosed

embodiment except where such elements or features are mutually exclusive. Variation
may be made in the steps or in the sequence of steps composing methods described
herein.

Although the interferometer described herein can be a separate module, it will be manifest
that the interferometer may be integrated into the system (e.g., photolithographic

inspection instrument) with which it is associated. The individual components need not be



Spati al -heterodyned interferonetry for transm ssion

(SHI FT), representing an enbodi nent of the invention,
wa@2msheepst ef fective and advant ageous for atPCBES1004/027749

the followi ng reasons. Spati al - het erodyned

interferonetry for transni ssioif-all ows capture of the

conpl ex wavefront transmtted through an object

Spat-PRPOSEE BE¥Ph E%jforrﬁ@%anﬁ*éer%mﬁ%smms ?fﬁ&ﬁ@fﬁew thpdisclosed
al | leéﬂkagllanss B@&@uﬁcﬂel Riide@th @ftuzm}edn? Qrm?ése Knd/or combined in virtually
transmssi on mavefront due to the'fact that only a
si nglleonfiggepdionss requi red. Spati al - het er odyned
i nt r
R S S s S

5 i npuimitiies, uniess ewdhal llrmhamgssaxplg:utbf recited in a given claim using the
tSP g:g)s?ﬁses etm%gl osggﬁn’ /Ior 'ts ! Ifcgrg%n?%gngrlga %&%o%m%ﬁsc (gfl t?epm?gngion are
t he delneetet bp the apmdémmdqsndeef dlaots |and3tham dquachians Speedics
for at least the.follow n
SpatTHPITEEE PhHS AR TR s *Pperded graeaink lgims and
t r anisdi eygivelental | ows si mul t aneous capture of the
conpl ex wavefront transmtted through an object and
the compl ex wavefront reflected fromthe object
surface. The invention inproves quality and/or reduces
costs conpared to previ ous approaches. The terns a or
an, as used herein, are defined as one or nore than
one. The termplurality, as used herein, is defined as
two or nore than two. The term anot her, as used
herein, is defined as at |east a second or nore. The
ternms "conprising"” (conprises, conprised), "including”
(i ncludes, included) and/or "having" (has, had), as
used herein, are defined as open | anguage (i.e
requiring what is thereafter recited, but open for the
i nclusi on of unspecified procedure(s), structure(s)
and/ or ingredient(s) even in major anounts. The terns
"consi sting" (consists, consisted) and/or "conposing"
(conposes, conposed), as used herein, close the
recited method, apparatus or conposition to the
i nclusi on of procedures, structure(s) and/or
i ngredient(s) other than those recited except for
ancillaries, adjuncts and/or inpurities ordinarily
associ ated therewith. The recital of the term
"essentially"” along with the terns "consisting" or
"conposi ng" renders the recited nethod, apparatus
and/ or conposition open only for the inclusion of
unspeci fi ed procedure(s), structure(s) and/or
i ngredient(s) which do not materially affect the basic
novel characteristics of the conposition. The term
coupl ed, as used herein, is defined asconnected,
al t hough not necessarily directly, and not necessarily
mechani cally. The term



approxi mately, as used herein, is defined as at | east
close to a given value (e.qg., preferably within 10%

w@bgosiomoes preferably within 1% of, and nost predBUSIIDY027749
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within 0.1%of). The term subsiantially, as used

herein, is defined as |argely DUt not necessarily

whol Iy that which is specified. The termgenerally, as
used herein, is defined as at |east approaching a

gi ven state. The tern1depImEFEKEN@Esused herein, is

defi ned as designi ng, bU|Id|n§ hlpﬁlng, i nst al | ng

afidY eslklsha émrwglctwme Elestran Helogwaphyy ulév@aAfﬁé’P@rCﬁfquﬂgm
d@LMBﬁgSQ§9@?%g%@§§T firmvare and/ or software for
achieving a result. The term program or phrase

conputer program as used herein, is defined as a
SSAYERCE. Qlvid, 5 A%&ﬁﬁnlsﬂgﬁ%ztegmﬁmm{otﬁmg #dpORis QB Ehd Phase
conput ér’ system program or computer program may

i Mehudenent erdr Metralogy, Inapections eidProcess Grutod der\icrodithography XVI,
ogk’ﬁf: rFergncgcji’»anf?z‘irblgr? (fea(fltfomﬁplk/lg{'ﬁ qt %0'2%5518“]2 %g&%ﬁ‘% Jt SPIE
app i CEtTon , a servlet source code, a
olvjob&ti68%Ie., a shared I|brary/dynan1c | oad library

and/ or ot her sequence of instructions designed for
execution on a conputer or conputer system Al the

diCSE: IThS @6k, erdnodiiRend Digial HbRglapheiot Saficslidsabowatir Defect Detection

herei n can_be nmade and used w.t hou d

CRBERTYiNT Br e eol TRt Vo rePr S B 602 The
invention is not limted by theoretical statenents
recited herein. Although the best node of carrying out
t KeS-iPay Bet 6.81%: %n%sewp‘iua@ &% 2890. epdtledn{irpgidiogigitpl dlofography,

d 'H%Rjg%ﬁfé ’IntQtrfé’?'&BétF}E af H&lgﬁmbﬁ"vt%rﬁl hBRkeIES TRGhas! it R Bayilor,
thereto. Accordingly, it wll be apgre0|ated by "t hoseée

s Kir¢goreR i Hangdne Dayid A Rasmuspn, Edgpe Wotelsh Jaregp Qastrasange Michely
0 ecifically described herein. It
%Pﬁkﬁ&éﬁgzgggggg%%gt various substitutions,
nDdlflcations addi ti ons and/or rearrangenents of the
dg\eél Xe I ng % 52 1|hlg§{1§5] I or?ar”%% /2?)?3 Segtgt?edVMA:cQ@ﬂgion and Replay Systems
U fisteiteyi- u@g)lgitm emdgb@hyc anclégovisibih” tbSZlda&mFdThdmds ahdhGregory R.
s rit and/or scope of the underlying inventive

B¥Pt as defined by the appended clainms and their
eqU|vaIents cover all such substitutions,
nodi fications, additions and/or rearrangenents. Al
the di scl osed el enents and features of each discl osed
enbodi nent can be conbined with, or substituted for,
the di sclosed el enents and features of every other
di scl osed enbodi nent except where such el enents or
features are nutually exclusive. Variation may be nade
in the steps or in the sequence of steps conposing
met hods descri bed



herein. Al though the interferoneter described herein
can be a separate nodule, it will be manifest that the
wo pdosnimouonmet er nmay be integrated into the sysPE@NUS2004/027749
(e.g., photolithographic inspection instrunent) with
which it is associated. The iTdivi dual conmponent s need
not beconponents need not be fornmed in the disclosed
shapes, or conbined in the disclosed configurations,
but coul d be provided in virdipaMsy any shapes, and/or
conbined in virtually all configurations. The appended
cWapnigclaimeednst to be interpreted as including
nmeans- pl us-function limtations, unless such a
limtation is explicitly recited in a given claim
5 ukingAAheﬂphﬂaswﬁswg"neans for" and/or "step for."
S;b?ﬁg %{aﬁé Ie OI' gngnen%ﬁzé}]l ttenﬁ r{ae?\{nlg%g}a 1{1ﬁ[uﬁng ?plahﬂ%%%e?o%yne
eﬁ{mgasafbemtmer zﬁpkyms fisiog erﬂﬁ@ehcabeﬂm;armlfantobg:cu lrgent i on are

diff 1. t d t | d o
hel r TQUUF PR EHDE nrari B ERSTE SPOBID R ekt niToa by shifing an

" J)ﬂi%lﬁaﬂ) dtig:n? lolf)ﬂhe Hfgltﬁﬂ)gxleédrﬁd’d sbhﬁa(llgma@mﬁynedmbwgﬁm to sit on top of a
Acadeni cs/ Pl enum Publ i s 1999, . J.
10 jspayy;hetprodyng GafTier frgaipnoy defigid by:AR dngle 3)%%8%@*? [frgppee beam and the

Pg}g@@aaﬁktéra@mggh&ﬁlﬁgu e:;Phase Measurenent Tool,
Metrol og %‘H | nspect i on Process_Control for
Y

M cr oldig! flafmyz thagnal ys‘m imaggiorcat eff signalspyping thg ofjginal origin to
q%ﬂﬁgg@gh@%myhrch 4, 2002, Session 2 (Proceedings of
E Vol . #4689-10). CE. Thonms, et al, "Direct to
D| g| t aterpymning itrse Rnurigitransform ae thsreswlts er  Def ect
Det ect | R Y
15 otel 8%1%%@91@ é)@%t EEYh i is t'?a[n%ﬁt%ﬁ' 'thl?&%h% ﬁsggﬁlos Ziaog éﬁa‘i’ %ﬁaé least
2partidy0dnslegeni. t | ed "D rect To Di gi tal Hol ography,
Hol ographic Interferometry, and Hol ovision" to
Cl arence E. Thomas, Larry R Baylor, Gegory R
Hansorﬂ,“he%ﬂhdﬂ oAclafRa $,nfusisee komprikiray caMolatikyg a diffareBe: in thickness (5)

strac e Sunkul et and Law ence o
it i g rpghussstional Qe R a8 Groush G on T 1 plger =
" Acqui sigii on and Replay Systens for Direct-to-Digital
20 kérng@phxgzgd Hol ovi sion" to Cl arence E. Thomas and
C}egor 'Hanson. CLAI M5 What is clainmed is:
where A@ is a phase difference, A is a wavelength of a source of coherent light

energy, NV is an ambient index of refraction and N is an index of refraction of the object.

3. The method of claim 1, further comprising calculating a phase difference (A8)
25  between a first portion of the object and a second portion of the object as

2md
A9=T(N3—Nz)

where d is a thickness of both the first portion of the object and the second portion of the

object, A is a wavelength of a source of coherent light energy, Nz is an index of refraction of

the first portion of the object and N3 is an index of refraction of the second portion of the

30 object.



1. A nethod, conprising: digitally recording a
spati al |l y- heterodyned hol ogram i ncl udi ng spati al

whedsnodyne fringes for Fourier anal ysis usi NngPEI/US2004/027749
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ref erence beam and an obj ect am Fourier anal yzing
the digitally recorded spati al?ty-heterodyned hol ogram
by shifting an original origin of the digitall .
A cor dea msiherpLF Ry hdvhes e MR GRlsyRRE ndExel ety (V)
chha@céﬁﬁﬁ%@bcsrhﬁﬁ sripsyjergarri er frequency defined by
an angl e between the reference beam and the obj ect

b g&!ﬁg+gefine an anal yzed inmage; digitally filtering
thé amal yZéd i mage to cut off signals around the
original.orjigin.to defjne a result: and performpg, an
“hos 08 e abefitkreatiSr b SieRRehoba SRRk e e
Ode R tand H' @i ah Smbieatifdextof edratdiynough an obj ect (630,

730) that is at least partially translucent. 2. The
met hod of claim11, further conprising calculating a

di f f ermReRition of Rk NE&®hel Bompr@igWe@iingxhé bkjsdt withnQUkhe that is
section of the object and a second through section of

t yybstasjaly perpendigular (prperagis gefined by shebiectipameafiendigitally recording the
A MM 6L REInQf nofbsir ce of coherent light energy, N

is an anbi ent 1 ndex of refraction and is an index of
refraction of the object. 3. The nethod of claim1,

furth risi | 16k ' r .
£t voae SUFRUE Lt £ LEH Db R FURRF o BRORE shitby
plotdrodynedifiologram eftgrandvirmghe olfect widhjinthe plaffeN - N ) L

where d is a thickness of both the first portion of

the object and the second portion of the object, | is
a7.wav efhe ngthodof clains buvteecinfhe spdtied phdterbdyglad habgrmgyis digsally
an index of refracti of the fir rtion of the
B WP e sorRISEEe B <R 8t MO DM Rl second
portion of the object.4. The nethod of claim1,

further conprising cal cul ati n% an index of refraction

(X ) chemsgiodiof sleiy 1. avisesin the AeTerenqerbearp BRdibe objgct e aregenerated

+ll)\} a laser operating in pulse mode.

9. A photolithographic mask inspection process comprising the method of claim 1.
10. A metrology process comprising the method of claim 1.
11. An apparatus, comprising:

a source of coherent light energy (610, 710);

a reference beam subassembly optically coupled to the source of coherent light;

an object beam subassembly optically coupled to the source of coherent light;

a beamsplitter (650, 750) optically coupled to both the reference beam subassembly
and the object beam subassembly; and

a pixilated detection device (660, 760) optically coupled to the beamsplitter,

wherein the object beam subassembly includes an object (630, 730) that is at least

partially translucent, the object transmissively optically coupled between the source of



where q is a phase difference, | is a wavelength of a
source of coherent light energy and N\ is an anbi ent

wo pex1oi4 refracti on. 5. The net hod of cl ai m 1PCT/UsI0h£027749

10

15

25

30

conprising noving the object wthin a plane that is
substantial |y perpendi cul ar to*%n axis defined by the
obj ect beantafter di |taII recordi ng the
sb‘ﬁ'tefeﬁt ight Fl‘éet@’raé‘ﬂﬁ?etﬁa‘ﬁiﬂ i§ram 6. The nethod of claim
5, further conprising digitally recording another
spati al | yhet erodyned hol ogram after noving the object
wul% hi nChep@pasptanel clam Hphwrthercpparigeeg #odieppermsplfisy Bjoptically
ﬁﬂ%&v@kn ﬁ] Q&IrﬁJ &%ﬁ@&t hgllnt%gé mirtdsthgfegérérﬁE b¥am subassembly and

rec rded W t arge couple V|ce canmera or a CMOS

i niafg;étcallﬁoumh‘ébwemue glurcg oAt eherentiightt eengytdnd theesbiacthraem

bg% the obj ect beam are generated by a | aser
operatlné in pul se node. 9. A photolithographic mask

i nspection process conprising the nethod of claim1.

193 1?_‘ 'ﬁ%narpgzlbrgtgggf? E%rcr:teﬁswﬁergp rtllnesrla e%ncse(t}heéirél Sub; se(r:nofl elir:llcl%%les an

| ilghtinagioetegy. (610, 710); a reference beam subassenbl y
optically coupled to the source of coherent |light; an
obj ect beam subassenbly optically coupled to the
so4r ceTf appaha 6Mdlailni 19 ¥vheréin BRaBRRhEd Be@i s(BBSEmbIPAEIudes a mirror.
optically coupled to both the reference beam
subassenbly and the obj ect beam subassenbly; and a

pi xi | ated detection device (660, 760) optically
coupled to the beansplitter, wherein the object beam
s bibas sEAPparptye Pl s 1dnwb?5f1é ¢he qbpgbeamzghassamly ingluggs an imaging
| gast partially translucent, the object transm ssively
optically coupl ed between the sour ce of coherent I|ight
energy and the beamsplitter. 12. The apparatus of

r

Op ; Ca’ﬁ?ﬂé apE thgpl @{‘Iﬁ mgﬁérg‘ﬁ él'%g)g) elaﬁgea%esﬁgg% Jn&bté); ?15 uhgs ky mirror.
ener gy and the reference bean1subassenb|y and i)
oﬁ%r g)a/'{“}bynaagé)rﬁtgl ei%jl bet g%elg zergﬁtgela&f gopeer mclluh&hatrelay lens.
appar at us of cIa|n111 mhereln the reference beam
subassenbly includes an illum nation |ens.

18.  The apparatus of claim 11, wherein the object beam subassembly includes an

illumination lens.

19.  The apparatus of claim 11, wherein the pixilated detection device includes a charge

coupled device camera or a CMOS imager.

20.  The apparatus of claim 11, wherein the source of coherent light energy includes a laser

operated in pulse mode.

21. A photolithographic mask inspection instrument comprising the apparatus of claim 11.



14. The apparatus of claim1l, wherein the reference
beam subassenbly includes a mrror. 15. The apparatus
wobkooshaiona 11, wherein the object beam subassenbdmUs2004/027749
i ncludes an imaging | ens. 16. The apparatus of claim
11, wherein the object bean1sUH&ssenbly i ncl udes a
mrror, 17. The apparatus of claim1l, wherein the
oP}-ectA HEHAICEY MAEE R FYMRTISMEfepParaius PEslaiMels . 18, The
apparatus of claim11l, wherein the object beam
subassenbly includes an illum nation lens. 19. The
apparatus of claim1ll, wherein the pixilated detection
devi ce includes a charge coupl ed device canera or a
CMCS i mager. 20. The apparatus of claim 11, wherein
t he source of coherent |ight energy includes a | aser
operated in pulse node. 2 . A photolithographic mask
i nspection instrument conprising the apparatus of
claim.22. A netrology instrunment conprising the
apparatus of claim11l.



