App katonofStereo Inagirgto Atomr Force
I Crosopy

Berrardio D _Aumonri ,art Kamallf ouwefloumi

Abgract] M etroboralld ata fom =smp B srfcescanbe
obtaired byudrgavarietyofpro bmetrymethod s. Atom
Force N £rosopy (AFN ), whrh refesoncortact irter-
atomrk Brcesto extract topogaphralimagesofa smp b,
isore arh method that carbe uwd ornaw il e raree ofar-
Hce typesw ith possb B rarometer raree re Ltorn. How -
ever, AFll magesare commoriyd iorted by corvoltion
which red tesmetrobagrallaccuracy- Thistype ofl istor-
tobnismore sSgi cart whenthe smp bk srfce cortairs
hich aspect ratib Faturesarh as ires stepsor sharp el s
- grutuescommorily Burd INEemrord utor d eviesari
app Eatiors. Aim rgat m iticatirgthes d iortiorsari re-
coverirgmetrobgy ssuri ress we irtrod e a rovelimace
d ecorvoltionsheme baswd onthe prinip B ofereo mag
irg-ll ukip B magesofa samp B, takenat d Rerert argks
albw Br sparationoftorvoLtbnNnartifctsfom true to-
pogapht d ata- Asa resul, perftt sasmp B recorgrution
aru probe shape esimatiorrarbe achieveld ircertaircass.
Aldd itioral, shad ow zores w hih are areasofthe s mp B
that caryot be probed by the AFlNl , are geatly red tced _
I ot mportartly, thistechrigue d oesrwot require a priori
probe characterzatiomn it abo red kwesthe reel Hr skrier
or sharper probes whih, onore harid , inue Bsscorvo-
Ltiond iortiomnb ut, onthe other hari , are more prore to
wear ari d amace, thusd ec reagrgovera Bs/stem re b ility.

Keworis] I etrobgy,Pro bmeter, Atomk Forcell kro-
sope, Decorvo Lo Stereo Inagirg

I. Introd uctbn

UR R CE daracteristics sudh as tpagephy and aiti-
al dmasias, rugress ad the area dasity, shepe
and bbcation of defects often sene as impartantindicators
ofproductguality and manuBctuning process perfomance.-
Farsudh reesas, surece dnaracterization procsdures are of
primary importance in awide range of tedvologal ™ eks
ad aacss indstries. 1N additian, high predsion dar-
acterization hes plyed an inaessingly impartant roke as
the reguired dmeasias ofsamicaonductorand othermiao-
Bbricated davias atinue 1o shrink into the nenameter
and miaameterdamnairs [L |
V ariaus tednologes exdstthat can be used Tordotaining
hich predsian images of surleass. T hed tomic Fae |l i-
aosape ¢ Al )is aesud ool thatean beused topro E
samples, with passibE nenameter el resoltian 2 T he
A H ceerates topagrephical imagess via ven der | aabk
ot thatarise fian directaotactbetnean ashap prdoe
ad a surEce_ T harefare, this imagng ol can be used
10 messure several d@at types of surecss regardiess of
other physical attributes sudh as e ectivity, conductivity
oarmagetism - I'tdoviasly draumvants resoltion Eimite-
tas introduced by di®raction phenamena, assodated with
gotical took, arby  nite electran escepe depth, assodated
withSBl imagng-Inaddtoh totat A Bl images an-
sist of three dmersianal topagregphic mgps of the surece
ad are, Tor this reesm, ideal Tor atss sectiaal metrol-
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Fig-1_. The probe apex isrot recessril/ the ©F poirt oftortact
Br hich agect ratibo smp ks. Varbuspostbrsofthe probe abrg
the samnare portrayel -

agy goplicatias_ H oneer, despite theh HIl 5 versati ity
and hich resoltion, its metrology acauracy is imited by
the size and shgpe ofthe emplbyed prdoe [3]due o imace
anvolution.

Image caanvolLition expressss itselfin the form of bss of
surface detai land dulingofhich aspectratiofeatures _ T his
Bpe of distortian aaaurs When, during the scamning pro-
ass, the antact pantbetinean the prabe and the sampke
is not the gpex of the prdoe butits sice insteed, as shonn
in Figare | - In otherwads, during the imagng processs,
the prdbe is alnays extemally tangait 1o the surbce, ad
as aresult, the image is adi lted varsian ofthe underlying
sampe_D i Etion distortians intraduce enrass in the metrol-
gy datadotained fian thesurbe [4 14 sareult, artical
dmasias suct as nenidth of steps or redius of aune-
ture ofFhigh asgpect ratio structuress Gudh as el emissian
prabes and high predsion autting edoes) become inecar
rae 5]

For the sake of ssmantic acouragy, it shauld be noted
that the tarm aconvolution does not strictly gpply 1o the
medhanism ofimage Tomatian inA Rl _I1thss bean am-
manly employed even thaugh no canvoluitian aoaurs during
imagng; d E|tian insteed, is the conrectinteraction madel-

In ader 1 drameant these Imitatians, deconolu-
tion algxitms must be deekped. T hese restoratian
procedures shauld eliminate metrolgy distortias in the
nenaneter bwel and shauld alko be aompatibE with hicgh
volume ingpectian tesks - P rigpased methodologies mustbe
rdoust, reliebke and essy O impbEmaitwith commerdally
aabBoEl Al units.



In section 11, we intraducee the mednenisms of imace
fomatian and how they gve rise to anvolutian. In sec-
tan 111, we bri€ y e BN state of the art tednicues that
Gan be used Torimace restoration. In ssctian IV, we intro-
duce anowel sterso imagng procedure thatcan be used Tor
restaingsamp ke topaggphies and thatcan albobe used Tor
prdboe shepe estimatian and  nally in secian V , we show
inboductory resulls thati lstrate the Gpabi ities and var-
sati ity of this newtednique.

. IMAG ECONVOLUTI0ON

T hare exist tho widely acogpted mednenisms of image
fomaticn forh Rl 0 nemedhaniam madelis based an the
anaptofl egendre T rarstams [6] [7]and reies an the
assumptian that at catact parts during scan, the prcoe
and the ssamp ke surfece share the same gradientar tengan

In Figure 2, EES (M) be the interapt of the tangait
ine thraugh the true antectpantwirth the verticalimace
adis; at that aotact pdnt the ssmpke skpe is denoted by
m and S M) is daoted the \L egendie T ransform of the
prdoe shepe at the derivative m*"_ L et M) be the irter-
apt of the paralEl ine thraugh the image pant @rabe
gredwith the \vertical image axds - | thes bean shonn ebe-
where[ 7 that the image wi llako have derivative m at that
pant. Finally, EtP (M) be the intexagptofthe tengaitine
thrauch the true aattact panbwi th the praoe vertical axds -
T he Pllbning reltiaship holos:

S @D= KM+ P @) O
6 ivenasurbedesaiptiany =y ), itsl egendie T rars-
fom atany derivative m = & is gven by:
Y @)=y i mx 2
Cavassly, if te | egendie Transtam of a aune is
knonn, its Cartssian desaiptian aan be dotained by gp-
phling the lloning inverse trarsform::

% = iC[Y @l
dn
y = Y(m)im(qufT)])
y = y& €))

T harefore, if the shepe of the prdbe and the shepe of
e sampk are knonn, thairl egendie T rarsfaims Gan be
dotained acooading 1o Equatian @)- T hen, the Ll egandire
T rarsform ofthe resulting image Gan be aaomputed acoad-
ing o Equatian ()- 4 nd nally, the shepe of the re-
sulting imace éaan be calultied wsing Equatian set @)-
H onever;, even thaugh the inear relatiaship epressad in
Equatian () is simpk and straghtfornard, sane implidt
assumptias edst. Firstly, the samplke and prdoe gsane-
tries must be aatinuas and, seaodly, the sampke ad
prdoe geaonetries must not have repeated skpes, that s,
they mustbe aanvex. T his reduass the gpplicabi ity ofthis
medhanism ofimage Tormatian tosmplkerand wellde ned
prdbolEms where the implidtassumptias hod [5] [71
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Fig-3. Il echarisn ofimage Brmationbawl onthe d iktionmod elL
(@) T he prob e isexterra By targert to the smp Bd urirgthe sarriryg,
cereratirgthe macge- () Ad vallani equiva Bri irterpretat onisthat
the mace isthe comb irel voLme ofthe trarshtesofthe (re®ected )
probe.

A saaond medhenism ofimage Tamatian thatis general
and makes no gaametric essumptians is based an the an-
apt of maphologcal diltion [4] 81 93 [10 1 T he im-
ae ofasampk is a d lied version of the ssampke ad the
structuring ebmentis aasideraed 1o be the & ected praoe
shepe. T hatiis:

I=S ©F" @

where P is the € ected varsian ofthe prdoe shepeP , ad
S is the sampk shepe ad L, the resulting image-

In othennads, ifae plas aapy ofthe i€ ected prdoe
an ey singke pdnt of the sampk surbe, with the re-
° ected prdbe gpex anadingwith thatsurbcee pant;, then
the surfce of the resulting aambined vollme of all ttars-
bEites of these 1€ edted prdoes will aastitute the image of
the sampke Bken with thatsped ¢ prdoe Figure 3).

A quid<analysis of Equation @) @d of Equation () as
welD reveak same straigtiormard andLsias thatcan be
summaxrized in the olloning Gases:
= Ca=e 1: Hrthe shape ofthe probe ise>xactly kowmnari the im-
ace isab kraw N thenby app Virg a revers mecharisn ofimace
Hmaton the smp B Shape coull be computed , ardt corvolLtion
¢ igortiors elim irated -
= Ca=e 2 : Corverl, ifthe samp B shape ise>actly kow nari the
maee isab krow N thenby app Virga revere mecharisn ofimace



PHrmation the probe shape coull be computed -

= Case 3: Hthe probe isvery sharp compared to the smpEd imen
org thenthe mace shape w illb e very amibr to the smp B shape,
the probe cortrb utionb eirg regligh E to macge Hrmation

= Ca=e 4 : Corverly, ifthe s mp k isvery sharp compared to the
probe d mersors thenthe mace shape w illbe very amikr to the
re’ectel probe shape, the smpEk cortrbutbnbeirg regliigh E to
mag Brmation

T hese andLsias are the motivatian behind cunertde-
anvolutian ar anvolutian minimization strateges as we
disass is sectian 111 -

II. STATE0O FTHE ART IN IM A: E
DECO NVOLUTI0O N

INn adar 1o reower metrology acauracy, aanvolution dis-
tortias must be eliminated firan A Al imagss- Cunat
deconvolution strategies are basad an the realization that
Equatian @) @ Equatian ( ) establish asystam with tho
unknonrs, the prabe and the sample geaometries (Or thar
L egendre transfoms), and ane knonn, the image geametry
@ritsl egendretranstam). In adertosolhe sudh anunder
arstranad systam, ae \varieble mustbe determined; that
can be acxomplished by prdoe dharacterization - 4 nother
gppraadh is 1o make the prdoe so shap that its aontribu-
tion 1o image Tomatian becomes negligbe. T hat would
be equinvalait 1o making P~ in Equatian @) arP (M) in
Equatian () venish. T hat is, the systam collgpses inmo
ae knoan and ane unknoan and can be sobed - T he mast
papular gppraach thaugh, calied blind deconolution, es-
teblishes an estimate o the prdoe shepe, and as a result,
asampk estimate can be albo dotained -

A _HidhA spectR alioP rdes

Cawvolution distortias are propariaal 1o the prdoe
size reltive o the sampk size. T harefore, sharp and small
prdoes can be usad 1© minimize aanvobution distortians,
acodingtoCase 3 inssctian 11 -

Sharp prdbes can be dotained by FIB miling conen-
tauall Al prdoes. Shapeaned prdoes edstin the market
with typical redius of awnature of 5 1 20 nm .- H onever,
high volLme inspectian has beaome a requiremeantin many
goplicatias- T haefore, g bsting prdbes must be em-
plyed in adertominimize prdoe replcameaitdue townear
o lure. Shampaned and slkedarprdoes alemae prae to
i lure then thar brger countarparts and therelare reduce
the oerall reliabi ity and spead ofthe inspectian system -

R ecently, carban nenotubes hae beenenpbyedind R
imagng- anotubes are usad as praoes due to theirsharp
cgometry and medhanical resi ience . T he carban nenotubes
axsistofperfectand seam Ess ggphite shelk with dmen-
sias of pically | rm in diameter and saveral miaas
in bEgth. T he skendamess of these nenotiubes may allowv
Tor imagng of high agpect ratio surbce atures with \ery
small caanvolutian distortians - H onever;, Bbricatian ted-
niques hae yettbe re nad 1| Jad, addtiaally, bEteral
° edng of the twbe is still a prdblem wWhen imagng &l
structures . A s a result of these imitatians, imaging with
ullra hidh aspect ratio prdoes has been mastly an ned o

Fig-4 - B i probe recorgrutbmn (@) O rigiralScan (b) Peaksin
mage are agrd - ()P robe estimatesare obtaired fom the ini il -
wa Ipeaksari the mirimum ervebp takerasthe rallprobe esimate.
(@) Comparimnbetweenactualari recorgrutel probe.

a® ine ingpectian tasks Where scan speacs are sonerin o=
dartoaad tip aashes, ° exian arexasssive wear- U suallly,
imemitient caontact scamning is used in these cesess-

B . P rd®e Clharacerizatian

D econvolutian can alko be acoomplished by establishing
the shegpe ofthe prabe and then soMing the inverse prdblem
esteblishad by Equation @) arby Equation (), degpending
an vwhidh mednenism ofimage fomatian is used 1o Tomu-
Ete the prdokem - 4 coding to Case 2 in sectian 11, ae
auld use a sample of knonn shepe, thattis, astandard, in
adertoesstablish the prdoe shape; this is aammanly knoan
&s prde daracerizaion. Canmanly used daracteriza
tion standards indude hidh predsion siliaon gratings [37)
[7] bledes, ottert Rl tips, collddal god artides [12] -
tEexpatides([l3] etc—

T he prablEms assodated with prabe daracterization are
the Olbning: ()T he shepe of the daradterization sten-
dad in never perfectly knoann and manuiecturing toker-
anass Tor ammeardally ad BbE stendards range firan 5
1 20 [14] whidh is an the same ader of magiitude
of the size of the prdbes themsebes [L5] T herelare, the
shepe ofthe prdoe cannotbe reovered with the necsssary
preasian. Q) Since prdoes wear with use, frecuent dar-
aderizatias are necsssary 10 re-esteblish the prdboe shepe,
deaessinginspectian thraugputand, nally, @) thestan-
dard itselfimustbe keptintactand dean throughautits ke
span, Which addcs 1o pracess ampledaty- T harefore, prdoe
dnaracterizatian hes anlly been usad an a guakitative basis,
a5 amears 1o assess prabe wear ar detect prabe Bilure.

C.B Ind R ecostrucian

A nother cunently used methodology Torimage decovo-
Litian is the so called blind recastrucian [16] [1 7] [18]
procedure and its varatias - T his tednigue allons fores-
timation of the prdbe shepe withaut a priarvi knonkedce
of the surface of the dnaracterization stendard; it, there-
ore, mmoss the reouiremant or any calibration of the
standard.- H onever, this estimate aasists of anly an up-
per baund for the prabe shepe ad its quality is a strag
Tnction of the surfce features fTound on the standard -



B ind recostruction hes its basis an the dilatian inter=
pretation orimage Tomation.- I'tassumes, therefare, that
theimageis essantially the surace ofthe aambined vollmes
of all rarshies of the 1€ ected prabe tip as the & ectied
prdoe gpex is ined up with eech sampk surfece pant.
T hus, the @€ ected) prdoe pro E is alnays baundaed by
the image- Crnuce estimatess of the prdoe pro E aan then
be made simply by tEking the sharpest atures presaitin
e image- T hat shaud serve as an upper baund Tor the
A HI  prdoe shepe. In Bt ifthe surbe patrays an in-
" nitely shap proiusian, the image of that surface shauld
beidantial tothe & ected prdoe shepe, accordingtoCase
4 insscion Il . Faranh Al prdoe with asingke tip dis-
carding pathobgal ceses of prdbes with spit tips), the
blind reaostruction procedure can be reducsd 1o the OF
bning redpe: () idantify pegss in the image, Q) use the
pesk regas o estimate the r& ected prdbe shepe and @)
oerby these estimates, Einingup atthe pedks and Ee the
minimum evelgpe ofthe aambined pro ks as the € ecied
prdoe estimate.- Figure 4 ilLstratss the procsss.-

A s mentianed befae, sinee prdoe estimatian by bind
rearstruction is impEmanted using anly the imace data,
the quality of the prdoe estimate is hichly dependait an
the imace itself, as danastrated inR ef.[9 ] Forinstance,
asmaooth surece would yied ew distinct pegks in its im-
ae ad ths hae Imited utility in this mode of prcoe
estimatiaon - 0 n the otherhand, a surfece with high aspect
ratio atures waud produce an image with sharp atures
and thaerefore amare acaurate prabe estimate.- In Figure s,
we see the resulting prdoe estimate made using ®A0 sur-
s with the same peakk to pesk R Il S butwith di®xing
anreltion bBgtts (Whidh is the average waekngth of the
surEe)- CEarly, the quality ofthe prdoe estimation is sig-
ni cantdy betterforthe surfece witth the smallerconelatian
bgth, thatis, with sharper atures _

Sinee itis hard 1o guess the sharpness of features an
the daractarization stendard, the quality of the estimate
ot be predsely determined ether_ T harefare, the de-
anvolhed i Al images that use sudh prdoe estimaties may
bk acauracy due 1o poor prdoe estimatian- T his ambi-
guity in pradbe estimation can be ilustrated as depicted in
Figure 6 - In shart, a acartan image can be genarated by
an in nite number of gppropriate samplke/prdoe pairs that
satisty Equatian @)-

A s a andlsian, even thaugh estimatian sdhemes ex-
ist, they still nec=ssitate spedal dharacterization standarcs
thathave Batures mudh smalkerthaen the prabe_Sudh sten-
dards maybe di=ault to dotain, mairtain ar daracterize-
A ddticnally, Tor the same reesas Hd autin section 1H1-
B , frequent estimation may ked 1o baer thraugput. It
wauld be desirabke, then, 1o develp a methodology that
does not reguire pedal dnaracterization stendarcs, that
can deliver hich quality prdbe estimates forimage decan-
volutian, and thatt does not reduice thraugput arinaresse
anpkdty signi Gty

Fig-5. Probe edimates(inn vi tab. @) Samp bk arfce w ith hroe
correhtion krgh - (b) Resukirgprobe estimate ispoor. () Sampk
w ith snalcorrehtonkrgh.- (@ ) Resukirgprobe eximate isgpod -
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Fig-6- Inboth (@) art (), the s me image coul be obtaired
with a ssappel <=t ofprobe art smpE. That i Inboth cass
E quation() isstisel -T herebre, the bes possb E probe edimate
(wper hourt) ISP robe 1 asshow NiN(@) eventhouch the reallprob e
ceometry may be P robe 2 asshow NniNnG ) -

IV.STEREO IM AG ING

W e prgpose a new gpproadh 1o image decaonvobtian
al Stereo Imagng- In this gppraadh, tno images of
e same sampk are dotainad at d&@ratvatage pants .-
T hat is, the sampk is medhanically rotated reltiely o
the pradbe priar o the seaod scan.- Since the riolatian an-
gk éan be pad ed, ae dotars the Blloning systam of
equatians:

I = S©opF
B = S<op
S = RaG;W) ()]

IS is thesstofallpants Byg pertaining o thesurface of
the sampke, then S “will be ampasad ofparits £4;y,g a6
determinad by the rotation gperatorshonn in BEquatian 6)-
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Fig-7- Two mages¥om ( Berert vartace poirts. (@) Samp E tilked
by i%=10 rad mrsari resukirg mace obtairsd w ith the portrayed
probe_ () Secora image obtairel by rotatirgthe s mp Bby¥%=10 ra-
d mrsfom the verttald irectibr.B oth imagesare b Lrt ari d istorted
vergorsofthe high agpect ratib smp B d Le to corvolltbn
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Equatian G) ce nes a systan with tho equatias and
o unknonrs and therefore aan be solved Tarboth praoe
and sampke gaonetry withaut the nesd for priar dharac-
terization- T he rotation of the sample proddes an extra
arstrantiorestimatian; as a result, estimation anbiguity
is geatly reducd -

T he stgps ilvolhad in stereo imaging indude: () do-
taining tho images of the sample; Q) estimating the prdoe
shepe by blind deaonvolution; @) aombining prdoe esti-
mates by oerby; @) generating ssmpke estimates by Ero-
sian; G)aambiningsampke estimates by oerlay; G)shaip-
ening the prdbe sstimates- Steps @) thauch 6) are re-
peated utill convargenee is reeded - Further eplbnatias
ol

T he rststep of the methodology aasists of dotaining
o images of the same sampke at d®srat angks as sen
in Figure 7_ T he sampk rotation is dotained by means of
ahich pradsian tiltactuatiaon systam - In this eample, the
sampke is dosen o have a hich agpect ratio- | otice how
theimagss are blunterand widenarsias ofthe underlying
sampke due o anvolutian- A ko, in this eampk, In the
" rstimace the sampk is tilled by j%=10 radias ad in
the seaod image, the sampkis tilled by V=1 radiars.-

I ext, blind decovolLition is used 1o estimatie the prdbe
cgeametry Toreedh image- T he estimates are aanbined by
simplyoerbyingthem _A sharperestimate Torthe prdboeis
dotained.- T his prdbe estimate is usaed 1 ganerate sample
estimates based an eedch imace- T he proasss of sampke
estimation gven a prdbe estimate is called Ercsion ad
aonespacs 1o the inverse mednenism ofimace Tormatian -
It aan be dae by simply scanning the undexrsice of the
images with the 1€ ected prdbe estimate and recading the
e ected praoe gpex pasition ateech trarskte. Canpete
disassias n ErsiananbefoundinReE_[10 ] [16] 1 7]

Yy

Fig-8_ Probeart samp B iritialeimatiorn. (@) ari (0) portray the
resuksofprobe esximationby b Erd d ecorvolltioNn®r each image -
T he edimatesare 9gri cart ¢ Berert thanthe origiralprob e shape.-
INC), eximate comb irationykl sa sliditl tidter esximate. (@)
ari (e) are smp bk edimatiors Br each vartace poirt obtaired by
erogonw ith the rew combirel probe esimate. (f show sthe rew
smp B esximate by over hy ofthe prevbusesimates. T hisesgimate
is®mehow ¢ br to the realsamp E shape but r fom precie.-

ad[l8]F

T he sampke estimates are aanbined © ganerate a new
ae by simply oerleying tham P iorto oerby, the sam-
pE estimates are brought o an uprigit pasiion.- In Fg-
ure 8 (M), the notth atthe tp ofnewestimate is due o the
oerby of the sample estimates - I'tshauld be cear at this

stace that the oerlaying qoeratian relies an an acaurate
knonedce of the rotation angke |- A Bo, ifthere is any
spurias transEtion during the ti lting processs, images willl
be displaced and so willl be the initial sample estimates -
A s a result, during the overly, ssampke estimates will &l
aut of plae grnerating an inecaurate new estimate- T his
asgates the nesd Torhich predsion ti ltactuators (owvredial
runaud)- In addition, it requiress that the reltve pasitian
of the rolatian axdis with respect o e A HI frame be
knonn at all times, \Which Gan be adchieved by calibration.-
A n allemative to thatis the scanning of reerence eatures
before and after rotation o allbbw oridaitit. Gation ofary
spurias transhEtion that mighthave ocoaured during tilt.

I an, the newprdbe estimate mustbe sharpened in ader
1o satisf/ Equation set G)- T he procsss of sharpening the
praoeestimate indludes the Tolloningsteps: ()P bcepradoe
estimate in acatan pantP; alkbhgthe image. Q)Vaify
ifthe prdbe estimate intereres with the sampk estimate.
@) T rm arsharpen inter&ing regas of the prdoe. @)
R gpeat procedure forall pants P; alog ae image- 6)
R gpeat procedure forthe second image.-

T he sharpening procedure makes sure thateadh image is
adi ltion ofthe estimated samplke by astructuringelbement
with the shepe of the e ected prdoe estimate-T hatis, it
oG the estimates 1o satisf/ Equation set 6)

T he shampening gparation reduass ambiglity araund
sampke and prdoe estimatiaon - T his is so because the space
of solutias Torprdbe and samp e geaometry satisfing ae
arstrant ss esteblished in Equation @) is necsssarily



i) bl
P“Ill"‘- .l;I.II-'|'||'|':I"'I|4'|'|I
Extimae r’; “‘\ Euimate 7 "\‘.
.'. b \l‘."-. .l"\-.
i ".\‘ ‘.‘.
1'\.‘. '\.1‘
i N Jmage N
i S
Sample Iterfermce
Extimiare

Fig-9. (@) ProbeE gsimate mug be alaysexerrally targen to
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Fig-10 - £ voLtbrofestimates. Sketches(@) ari (@ ) show probe ari
smp k edimateshasd ona comb iratbnof Bl etimates. Sine
the samp B isrot very sharp, edimatesare very iracc urate - Sketches
() ard (e) are the resuksofthe r« iteratibnofthe Stereo Imagirg
proced ure .t simatesare geat by erinanel - Sketches() ari (f are
the resuksofthe sconi iteration £ simatesari real geometries
are i erttall corvercene isreachel ard ro Sigri cart geometrcal
chargeshappeninrther teratibrs.
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bEger then the space of solutias that satisf/ o an-
strants, simultaneasly, as esteblished in Equation set 6G)-
Caseguently, inaessing the numberofcastraints @rim-
aos at d®rent anges) will ecentually reduce the space
1o asingk soltion and zero ambiguity_H onever;, multipke
imagngis tootimeaasumingand thoimages ssem enauch
10 acoomplish high pradsion estimattes in most Gaess -

T he sharpaned prdoe estimates are then aonmbined by
oerby apin.l ewsampE estimates are generated by ero-
sian and the whoke procsss is rigpeated until no noticeeble
dance in the estimates is detectsbE. T hat is, util the
RIS ofthe d®yence betineen prdoe estimates fian ae
iteration to anotheris sut-deantly small_ T he evolution of
prdoe and sampke estimates is shonn in the Figare 10
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Fig-11. (@) Corvertbral AFll imace w ith smp B inthe wricht
pogtion(@ = 0)- () Two magesohtaired by tikirgthe smpEk by
p= 8%=10 rad mre
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V.PRELIMINARY RESULTS

Steren Imaging allons Torpradse estimatian ofprdoe ge-
ametries withauta priar prabe daracterizatian - T hatis,
prdoe and sampke are estimated simultaneasly, and esti-
matian quality is indgpendattofthe samp ke dharadteristics -
In addition 1o that, tilting of the ssmple allons the prdoe
10 reech othernise inacessibEe regas. Sudh regas are
wsually called shedow zanes .-

Figae!ll @shons the atss section ofastep Eature_ It
akbo deicts a prdoe, in this ceee with tho gpiass, and the
anespadingsimulated image-T heimageis adilated ver-
sian of the sample and metrology data dotained fram this
image wauld renderinacaurate results image inenidth V4
225 nm, sampke nenidth 42150 nm). In addition o that,
the side vwalk of the step are never really toudhed by the
prdoe; therefae, noinformatian ebaut this shedowvzare is
stored in the image- In this simulation, the step hes di-
masias aampatible with miao eatures regulbarly presait
in seamiconductordeviass - T he prdbewss diasen tohae a
amplicated geometry with a primary radius of aunature
ofaraund 1 | nrm and assaondary gpex.- Figurel 1 (0)shons
o imagss dotained by tilting the ssmple- T he side walk
are novepaed 1o prdoe.

T he results ofFboth blind deconvolution estimatian (do-
tainad fran the image depiced in Figure L | @) and stexeo
imagng estimatian (@otained fram the images depicted in
Figure 11 () are shonn in Figure 12 - Sinee the sampke
hes no sharp features, blind estimatian proAdes very paor
resulis. In Bt the prdoe cauld notbe estimated atall be-
e thare were no sharp peakss intheimagead, ss are-
sult, sampk estimatian is paor- 0 n the otherhand, stereo
imagng estimatian results are virtually indistinguisheble
fran the aignal gaanetries (&timated Enenidth %2160
M ). T he aress of the estimatian dlose 1o the beese that
sigi caitly d®x filan the aignal ssampk ae actually
unceartain rieaastructian zanes and are ° agged by the al-
gxittim, and shauld be igxaed.- U naartain zanes heppen
when the prdbe estimate is in aatactwith the sampke es-
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Fig-12 - @)Probe ari samp B edimationbasl onb Bri d ecorvollx
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Fig-13. Probe ardi smpk eximatbnby gereo magirg- Samp k
rotated p= 8%=5rad mrs.Probew ith tip ral iusoF420rm _Resulks
afer 3 teratbrs.
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timate in mare then ae pdnt simulizneasly [87] fora
crtan pasitian alkong the image- D uring scaning, sudh
regas are nottouded by thed HIl praoe, and may be of
any depth.

Similar results aan be dotained ifa pradoe of aampketely
di®ait geametry is used, as shonn in Figare 13 . 4 ko
notice that the prdbe geometry used in the simulatias is
not sharp or sknder; aompared 1o the samplke geonetry.
D ecovoluitian is adhieved in spite of prabe size ar shepe-
T his inarsitivity 1o prdoe shepe and size qpears the pcs-
sibi ity o using rge prdoes - Sudh prdoes maybe aoated
with D iamand Tarextended ke and maybe utilized forsur-
e strength messurementts by miaoindarttatian, simulia-
neasly with tgpagrgphy messuremants..

0 ne imitatiaon of the stexeo methodology is thatitdoes
not sole the prdolkem of nanow tradhes that are inec-
assibke 1o the prdbe. 0 nly high aspect ratio prdoes at
bw scan ratss, perated in intemitient aatect, Gan ac-
s aress dap into the necative steps- H onever;, as seen
in Figure 1 4, the recostruction dotained with the stereo
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Fig-14 _ (@)Probe egimationby gereo magirg- () Samp kEestima-
tioNby gereo magirg- Samp kb rotated p = 8%=20 ral rs. Probe
with tip rad iuso4 10 rm - Resulksater 5 tteratiors. ¢) Inacge oF
the smp B w ith the same probe INuwpricht postion

gpoproach renders good pitth messuremattand is a better
depiction of the underlying ssmpke then an image of the
same samp e tEken in the usual uprigitpasitian - T he bok
1o ofthe ttrendh estimatian Golid gray ine, Figure1 4 ©))
is an uncertain reaostruction zae that is autonatically
taged by the algaittim .- In thatzane, the reaastructian
sets un upperbaund T the sample tpagrephy, thatis, in
that regan the real ssmple may have any depth as g as
itis degerthan the baundary setby the estimatian.-

VI.CO0 NCLUSI0O NS

Canvolution eRacts may sevarely distort metrology data
dotained with 4 tomic Faell iatsapes- 4 Ithaugh same
tTedniques exdst that albw Tor image deconvolutian, they
mastly il o deliver hidh ~ delity tpagephy estimates
and are ambarsame and time acasuming, thus ridudng
ingpectian throughput.

B y dotaining tho or mare imagess of the sampke at d¥
Erantantace parts, stereo imaging éan be used to gen-
erate high predsion estimates of both pradbe and samplke
simulaneasly. T herefore, metrology acauraoy is ensured,
recardiess of prdoe shepe arsize.- Since the prdbe gsane-
1ty is estimated atevery imagng evant, an eRective prdoe
manitoring sdheme can be impEmented.-

Since all steps involvad in the S tereo Imaging gppraech
are carried autby sstarmaphologcal qperatians, its gan-
eralization 3D andvoblmeanalysis (insteed ofthe atss-
sectianal analysis disaussad in this paper) is simple.

Finally, the nextstep ofthis research projectiis underway
ad indudes epearimeantal tests with calibrated samples
aming atassessing the repeatzbi ity ofthe methad as well
&s the it uanae of ndse and scan dynamics eRscts an the
" nal remostruction results.
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