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SCANNI NG PROBE M CROSCOPY METHOD AND APPARATUS

UTI LI ZI NG SAMPLE PI TCH BACKGROUND OF THE | NVENTI ON
woeiaelith4tifset he | nventi on The present invention PET/US2006/038573

directed to a nethod and apparatus for neasuring

surface features of a sanple with a scanni ng probe

m croscope, and nore particularly, to a nethod and

apparatus that utilize information regarding the pitch

of a field of devices/featurles of a sanple to optim ze

measur enent performance. Description of Related Art

Several pSEASNIAKEHROBE MICROSCOPYI METHOB AND

i nteraction BPPATRATES(AMLIZENESAMPEY HTele and a
sanple to obtain informati on concerning one or nore

characteristics of the sanple. Scanning probe
m croscopes ( SRRKGROTINGDE TREaNOENIIOHR Ce
m croscope (AFM, are devices ' ally use a
FelBsMnd inPedii@y ke a | ocal nmeasurenent of one or nore
properties of a sanple. More particularly, SPMs
typi cal | . ef | aces, of such .
ool | - ool PRaBRElenah b oS L30RRNE] phfpaus for measuing
surface featdsofia batple wﬁthmﬁgammrebaﬁﬁrdgh@eg Arml Bbretpaficularly, to
associ at ed ohe . asse . By providing relative
- BRTRT R TRathR 2 ek e Prtianettich sRmpri of
destivch/aneraivan 3ghslE itcs%ﬁtﬁmg@h@a@%néﬂt Pé&fortaiRl €- dependent
data can be acquired over a particular region of the
sanpl e, and a corresponding map of the sanple can be
generated. The atom c force m croscope is a very

DERAPRH ofReREd0ht SPM  The probe of the typical AFM
includes a very small cantilever which is fixed to a
SUPPOrt  kvdrkirdRMBs@Ndlsthas e LiP, &t Lached
to the opp‘(/)sri t%é frge e%d. ?ﬁseﬁ%?%gte&tlﬁ%ﬁf{sl&g?% a?ﬂa

capileyerrhaggd prebecind pseopldite elbteingnformatmnriohdeatite conbaabre

L8 anpl.e to be exam ned, and the .
R U BEE e CARe PRI PR AT R peabone
fotdejmisrosaupe (AIRM), are deivtdes thh SIS ubSa SRS &fmitd d1084)

extrenel y. sensitive defl e%;ti on detector, often an
mgprepight qf QP&FT TRGFE PERRCEIFE AT A8l MoRaRiria kv SRMS dypically
chatactetizeIhe RafacesNT sudfFsnsh- 48R safiple $UR b Mbnitoring the

interaction between the sample and the tip of the associated probe assembly. By

providing relative scanning movement between the tip and the sample, surface
characteristic data and other sample-dependent data can be acquired over a particular

region of the sample, and a corresponding map of the sample can be genérated.

The atomic force microscope is a very popular type of SPM. Tﬁe probe of
the typical AFM includes a very small cantilever which is fixed to a support at its base
and has 2 sharp probe tip attached to the opposite, free end. The probe tip is brought very -
near to or into direct or intermittent contact with a surface of the sample to be examined,
and the deflection of the cantilever in response to the pfobe tip's interaction with the
sample is measured with an extremely sensitive deflection detector, often an optical lever
system such as described in Hansma et al. U.S. Pat. No. RE 34,489, or some other

deflection detector such as an arrangement of strain gauges, capacitance sensors, etc.
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defl ecti on detector such as an arrangenent of strain

gauges, capacitance sensors, etc. AFMs can obtain
woesldiisen down to the atom c | evel on a w dePuaiSi0g/038573

of insulating or conductive surfaces in air, liquid or

vacuum by using piezoel ectric scanners, optical |ever

defl ection detectors, and very small cantil evers.

Because of their resol uti on,and versat i lity, AFMs are

I mportant measurenent devi c%s in many diverse fields
A.Prlg g%%tg rom sem %qonduct or manufacturing to biol ogical

$ in prsplilem gawn torthgatpmindevyl en g gadmedetiasinsalating or

cofdllchiae ﬁlrfé%ésﬂg aft, i uQH‘OIr Bl b ﬁﬂgé El e@fﬂo%c%ﬁ@ﬂ,r[ﬁ{twal lever

acting on the sa l e support” an e probe. e
deflerdion gateotorsi snd\twﬁsm‘cdbabtlbvmﬁ Beaatd dfghaheieaﬂﬁtm apot i on

ndthes l.e while neasuring the
e R ESEA T AR
fmﬁemm@ﬁdmmﬁnmﬂmgao bidlogieunsdiBar@. al . supra; Elings
et al. US Pat. No. 5,226,801; and Elings et al. US.

Pat. No. Phafddidy 380probéMachRBd Beer d8&iraRe %gmé Q h%(‘l}%ﬁ)th%dn

a variety of nodes, including contact npde an
thrge gxip Fcéifmquwﬂiflge@m%ﬁamﬁi@ &upppH apd{onibe plobat Tlominstfungsatiisghus
illa ener al |
caﬁ%?eeof c?éaplﬁg gt%zﬁ gﬁugi'] getgs%g{l he?ytﬁnl ea§c3 ﬁlg samé}é%vo € measurl
thappogatphyrorissme bideispogalyl cftheTamplog Iﬂbﬁﬁbédﬁor/éEMlple in

PR B ety BB MRS Lol s b6 oA Elfoe 15 P o

5,413,986ci | | ated flexurally at or near a resonant
frequency of the cantilever of the probe. Wen the tip

i's in i NAGME dah B8 HesPine® EPNIcFRd B aC@HE@Q)thﬂMdEs}" idcRRing contact
sanpl e surface, the oscillation anplitude i s

maogle B} RICHEENE flexyrp/merier &t an pseillotioe tlexme] noge) 1 dapkpiion the
cazﬁﬁPJeir B%@lﬁtes%&ﬂ%@ﬂfﬁboﬁf SHENGY. @fnc hgﬁ@aerg%gﬁxje lrr‘i%tde %? 8ll?e§'c’1tion

kept consta uring scanni ng USsl ack si
is thibe-hallkeddageingvladdtf ATM opepiaors@ apmingVpdes ¥ mgod teademark of the

R TR -

resbiet Sagyeney ofMhe bantibastibfi thgpoBe Waskihe tiglis ﬁam@hﬁ&ent%y ch

as the trench citors discussed herein
breipte? Gttt Wb s BRI SRS Cbrr A ksl deromineddry

tipReERetifteRbilors DT)pitR 3y |
Peostly tip, 18 ﬁgle Eﬁam %ylgcgﬁm%\eg/lﬁgq%? %J}ﬂwéfﬁgl@g%gﬁamflls

kerticgustant ﬂ_urlmwscmmgtm@ﬁﬁﬁ Plngjeraly mbivh adegancisted 2n response to
tip- s%gféqﬁt@&ct??rp r’ﬂl@& 1% dblaay élErgalsaarg ?nngllcl)l?ec%d storecll, usefc)il as

n OSCI
data to characterize the sample When measuring semiconductor samples, such as the

trench capacitors discussed herein, a particular version of this oscillating mode known as

deep trench (DT) mode, which employs a unique and costly tip, is used.

A typical AFM system is shown in Figure 1. An AFM 10 employing a
probe device 12 including a probe 14 having a cantilever 15 is coupled to an bscillating
actuator or drive 16 that is used to drive probe 14, in this case, at or near the probe’s
resonant frequency. Commonly, an electronic signal is applied from an AC signal source
18 under control of an AFM controller 20 to drive 16 to oscillate probe 14, preferably at a

free oscillation amplitude A,. Notably, 4,can be varied over a broad range, e.g., from
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actuator or drive 16 that is used to drive probe 14,
in this case, at or near the probe's resonant

wobnrequernsy. Conmonly, an electronic signal is aOpiuSem®e6/038573
froman AC signal source 18 under control of an AFM
controller 20 to drive 16 to oscillate probe 14,
preferably at a free oscillation anplitude AO.

Not ably, A O can be varied gver a broad range, e.g.,
fromm crons to the nanoneter scale, the latter being
In}y igq%lg u%%g for W%Q-contact f orce nmeasurenents. As
5 “%F b paromeigriseale, thegptiar bging bdeally weesk fae noroepnigct Foreche

m&RIBInEntS UAE 8@Pacell] hidBted PR i !
e ble g e B o L P B e
duging ERagig, t'o shovdd Basssinallsupdsaible, B loge ehaigh anpideent Waat s

[ f for ex .. Propbe 14 can al so
B R A RS 1o IR bl VP WinlsiraOB5e ek s tor
exguplbaBtabe dé tcanbles bodctmednedrd 24d &M frohls@Ep¥ia using a
f@@db?ck by co éteraﬁg troller 20. hbtably, t he
SUGRE FFHE 0 SdPnve £an {}d BE festhprlely exsmnutra/cantznilve20.24
Noddhly, M%@ilﬁg}ng%&?vemﬁﬁngﬁoefcgﬁﬂ?%to' At ?c%ﬁlgér?élaﬁi g}'bb% he byt may

canti |l ever i probe 14 as part o ctuat
be dormef ieogrltpwih e camtlews &5 of prbeitthast fret efatselftctuad | S
p t act uat or b
oo I SR R & LR L35 B R B Chmlgnalhe piobe, e
actditoe?t mey be amplapedo Yoate anhplab®in thtdd RPEf@ial @rsctiass 4shE X Y
nggﬁge 14 is oscillated and brought into contact with
Saiple 22, sanpl e characteristics can be nonitored by
detecting changes in t&% oscillation of probe 14. In
parti cul ZrOPeEIRRas derons 1das ewiliab ang haeushiistolcpniachieisim
sarhsle A2 @b RAThAWRS s b RAGHS A i hgh 1s
t,Iﬁe,n r ef Fect ed tovva? ds ae det ecto?ﬂ%%efa{ug%%ﬁagess\qgk our

osciilpkign ghpropp df-oeagticnist. 2 dafective dotsatiorn appashati3s teandss
ir s . . Iici etee.tt ;
dirbl8d Bkt tl?e%%l\%’ﬁclfe' cﬁtpgobls,'lg% 5 ?thn £¢ng ﬁgg]éowagg%%gg?qjﬁnr@,

controller 20 ch processes
suchiaaader quadrettehomdétbdtat iAsrthobeapr whirlaled aciOeavRdttof,

| e helee ok,
oo S PR bR LR oMo ) whif Bibodioes e ignetara y

determineéiningdsrin thessstil@idtof phAE A4t EbinBidnGy, 86nttdlBr 20 generates
fgﬁ%fl'l | atj on .of probe 14. For exanple, controll e% 261 I's
confiof Ynaisiodnaiptaes Gepsim ferpebeswesn thetip end sampls, tyrdeallxtto a

maR@liP R kdthoiMBeHdBicteAStic dFehd JAS ral ! nstant
force égfé?lween tc he ti p aeln élg gtg%)laog% ?%%tlgf rlfé %%él}p;‘?’ cgutroller
20 seoftgp nsnd tp meswain thefosatjaiameynphitude bea stgnint value, A, to insure a

generally constant force between the tip and sample. Alternatively, a setpoint phase or

frequency may be used.

As metrology applications demand greater and greater throughput,
improvements when performing conventional AFM measurements have become
necessary. Wafer analysis in the semiconductor industry is one key application. In
general, chip makers need to measure structures having critical dimensions (CDs) that are
90 nm and below. When analyzing structures at such small scale, the corresp;)nding
measurements require uniformity control and must be able to accommodate high volume

production environments. In this regard, one advancement has been in the area of
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As netrol ogy applications demand greater and greater

t hr oughput, inprovenents when perform ng conventiona
wWOBM7rmaesar enent s have becone necessary. Waf er PanaiSy®6838573

in the sem conductor industry is one key application.

In general, chip nmakers need to nmeasure structures

having critical dinensions (CDs) that are 90 nm and

bel ow. When anal yzi ng structures at such snmall scal e,

t he correspondi ng neasur emefit s require uniformty

control and nust be able to accommodate hi gh vol une
aquma:terbAF by, whieh ponthe itysovd the hithiser o€ gratples t!hb]lﬁnay be 1maged ina

ncepent. has been in the a. of aut onat ed, Al
S T e A R SR TR TS
péi’ﬁmhiﬁ%&ﬁﬁnﬂa‘fbdawﬁ@tr thédstrefnbAt® afelaAB] B ARV 'oﬁ'el?s' ANGifeREution
user tasks during operation. Instruments for

bypprighg fog cxamderthethils teper fopa dighaisetttionamel tivdimersdorh(ste.,
SATBHLE" Sl UGS AL BP0 8 gty

Veasb fnstrdineets shavn pfeven 200 @mbBnd i3n®g11mg1t018®ﬂiﬁ&1 plaigérmgment s,
i ke the D nension X automated AFM of fered by Veeco
| n st r umeniviy kdyaveiePlodeé@onsReedrvhea Rtlal3iith gy p&f&ﬂﬁﬁde@f
| at f or ns. Tmo key issues to b? consi dered wh

UM RER YSAQ 1A THEK WP BremarrEensnglyds rgRehus nglpeat ke
TIRYEShp B BB tSihb REhsid ef RfeRUBNRMY RNFaged per hour, a
repeatablllty Throughput, in this Case, s the nu ﬁ%
repgatafyslite ssthe Martativapf m@eqtfpﬁgg@a@urp@pnth oade oaﬂ@ same object under
y d.
1d%r§§§ﬁctrog?:élﬁ YA ltkgécf 1?)8216\6 cel%% lrrng X 1(‘5)5:1%9 gh is. t%ee\ﬁatnag%? that
resudin cihtch arakingAhd kumaincbasmelﬁamde& rdlfferérﬂ mbmitiGme IRelpfOﬂuclblhty

riatio sults when nmakj ng the
is SHpe b Bt S At Sethithe oSt P opRodale bondiion
vane R thteh Bbthl goxitiofinig MROYdfaitnd ifstutif@thel dptid€t WhBh B&Ridering
whet her the techni que can_acconnmodate condition

th@%@%?%ﬁ@%ﬁt%@ﬁvwlﬁqaawim@twn@ waf er and
focusing the optics. Wen considering these netrics,
known sy Jodiesfonn gsemicriupior metolpgyerparimenEsuctyes fench depth
V)
R4 L0 R B TR b SU PAg SIRDy
arﬂykm'nqmtﬂoyn adataisedd. kapsmfvgy snag agsl as/a&mesiah\rie\a ol thetveafer to

oo BTl N BB R Pl Pad i Y R e e TR R

provities the miforfYioD Of infd@n(e. gTﬁ&h&@&t%ﬁﬁ@ﬂnbﬁsﬁddfal\/ﬁJré’ particularly,
provj des the infornmation of interest (e,

anéwa Fisetserq 1B dygheyidatath 8plaw) the fspieondstor wafeafxpycaﬂy has a field of

devices/features such as trenches having a location that typically is not known by the tool

used for measuring the wafer. As a result, the tool must be aligned to the field to obtain

quality data, and this is often accomplished with a survey scan.

In previous systems for measuring depths of semiconductor trench
capacitors, the length of each scan line, spacing between adjacent scan lines (i.e.,
resolution or density), and number of scan lines is user-defined. For example, automated
AFMs typically take a large number of lines of data (i.e.,‘high density), for example, 32
or 48 lines each having a length of typically at least two times the pitch of the features

over a set region to obtain a high resolution survey image. Typically, the pitch of a field
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and as discussed in further detail below the

sem conduct or wafer typically has a field of
wdeni7masysb eat ur es such as trenches having a | oeariuszoe/038573

that typically is not known by the tool used for

nmeasuring the wafer. As a result, the tool nust be

aligned to the field to obtain quality data, and this

is often acconplished with survey scan. |n previous

systens for neasuring depths of sem conductor trench

capacitors, the length of each scan |line, spacing

offsttise Rasl Jle&étéWP cgpapnanfsnens i X8 and Dmml“tﬁ”i fom ther2-D array.

n
TREARLY e O NTIEt o SEB P8R e R ot
Theuleeh aof hdight e§ thefscahahay fahgeefrom Rb@R 1d60BHNtY 50 1ﬁ1%ns or more.
exanple, 32 or 48 lines each having a I ength of

t ypi cal | Yhateaft@aspatteworebd gﬁ&ﬁantd%@raﬂbxtrl grbgﬁﬁltlét%lﬁto 1&?&?( £pair
S ut i surv

a set reglon to . obtain a
flotﬁ%%é urepgpd thefoby estalish gicertpr for thy dﬁﬁaép@bfﬂfeeaa datescah asmgh
re%lutic@iﬂ§ber§d&\fﬁe@ QRPRE tzsc% (@ %2 ﬁaété}) %%ﬂ tgﬁg%lg%gu?dnthg mlidpoint of

for the 2-D array. T
theideaiéfiqdgrencleswiaztovieh @cqmadlngtomoufe téchatques snm@me &irSey scans

e and ht t scan
o BECongucl OF (28 e 5 | RBhAE pisa Tt TG R R Com e A Preipally
paat qfat teardhing® crmgrmle) ArEIth@PREBEHhON sdcﬁn&ﬁﬂ%’y@sﬁ:ﬁﬁj irf ‘@{” to est blish
identif ir of the features and thereby estab ﬁ

th SqnLgE efﬁBftﬁ?%na\éﬁl RIOSBSSFS TeqHES R Sighifieans apent oétmmt@ h
cobrfBed, lgWeﬁ thel rﬁulﬁﬁde ef §8§9s (‘#@ﬂh@g y%hcg dft?}g {né]d thiis sev FI%?}} er)

scan, pically around point o I'den
COF}PQ%% roughpuE o VEen canazdﬁrmg ithgpt th@ ssoerd @ndniteligdigh

refBAl o D Y oS E AR TBYRR S NGRS B P!

one techni que uses a FPPSt Sl
(typi cal archin u nd th
per f or ns&\pgtagg{i glf %rgw\b/ae&s alé%ﬁor%ﬁm' t&‘ f“ﬁg %Qﬁ’élBP Pgﬁlets??é‘s
Fom mstaacc, bédaeseahé surt/émal Kﬁtﬁm kR6 W eBEMAGudsasI high Rnsity scan,
thS mfO ala tncE ﬂ_(d{l)ltlmeto conpl ete, given the
¥ 159018 dBpeieti fsma Jeure ety e %OH%P%H of aw&acp fieadre(s).

Tlﬁﬁ)ﬁﬁllqio)ﬂul@@él@ﬁ@lﬂb SéhchiRfoad gﬁpé-ﬂe lesWh%ﬂ 1&3911 S %s‘ta’ﬁge t,pat
the scans are caonducted at resol uti on,
(tVliﬂ%le

unglerstpedy PAGHN ESASHHAN PGS DI gmtoutpstt tinllgrger the
poBHAGH AIAAT AL, detat O a  HANBE S B3R uREEED L

qﬁah resol ution Pt
seyely gdmevsggy 1mpaq:t t]mef quiahiysd thenosasuteachini Amﬁ;lSer idBavébablk §3ociated

Wlﬁl &e¥1s1§ s[cans is gqat ﬁxg%gobleg?r? c}ogrgﬁ;?&nﬁ]glﬁét@g ﬁ;eggghl}sl g?elclse and
cosﬁtbrai)mpeﬁ@)s whiblh fecdi@bé ra?ﬁ@éﬂ ek 813nifichtdveal 0BG bMROMT such
h1gth rgstolu%rog scl:a%g S’tlpt Ilqufi,l garll geedrastlczll:l?yr reldlgcsetdag sclgmﬁcant drawback
considering that the tips may cost $1000 or more. A still further drawback is that high
resolution scans take a long time to complete, as one would expect. Not only is this a
limitation in apd of itself, it leads to other problems, including making environméntal
factors more problematic. For example, measurement repeatability can be significantly
reduced given that thermal drift is greater the more time it takes to perform a |

measurement.
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under stood, pattern recognition prograns provide
superior output the |arger the popul ation of data. As
wa20eaditse relatively snmall feature sets used PATAHISE006/038573
prior art can severely adversely inpact the quality of
t he measurenent. Anot her drawback associated wi th high
density scans is that the probes and correspondi ng
tips are highly precise and costly conponents which
need to be replaced after sﬁgnificant wear. By
conducting such high resolution scans, tip life can be
dr ast i caMgreowetnciodherprafilgmivith kaown thelmidpaes Ks that when for
i derin hat he .ti may, cost $1000 or nore
§PDR AEtsle PR 3balhS e PRt R PES VY the Reries ghans s
avteﬁalged am)tﬁfgghatltlmnmm@ﬁmyp@ltl@ oft@Sa @%éf@&lodoeea&%ﬁned Nais
isthis alimtationin and of itself, it |eads

a"F@gB’tgr?éF exstebiindess the mystaues abdityriokileniifemexinomnesptiagiven that
debBChOIsSreRAS 185 AR ﬂ{é%éﬁmu Qfe G ?r@?éde 'ﬂggf fr ”‘1%@{1% Lhe

repeatability can be significant
myienped! thiydefies cpf§o:g1se@tserrestuhesunh)mthbdmmchll}t akhslrztb@

enment . Moreover, a further problemwth
n@%%ﬂﬁn% @ﬁ%gdﬁgt is that when, for exanple, neasuring

t he dept t eat ures, a acquired over the
series o §6gﬁ’f@ ngatmrdﬁﬁﬁd in Elﬁgliefﬁig? feptamated AiMxi mum
méleremehts, pafticR R ik 8% sBRicbhducto? if8stHlehas érhféﬁ‘%d ah i 's?stem able

aver a |ng of the data hinders the systens a
to PEIENET BN PGS TATh e seans gTitherminiiaum @t erélamnehtosd

ran®3F ubPaBlelPe sdlﬂ’fén%ﬁﬁ‘é}@%eto aﬁ\cﬁ%é’izgﬁ%gr ﬁ#rglg]eq oneapuA%s/déavmes)

typically, the maxi'nu
Wlﬂl@gmqmprglmshlgnmahlcrdmemeralzmhdnye unghesied srbyghput and

el ROED RN Pl R bR et b Bur R bisndOF antiids,

parti cul arI y in the sem conductor industry, was a
met hod and system able to performboth survey and data
scans with a mm T | j nes_over a broad
range of user-s T 2g., to analyze

a | arger ’F‘g tures/ devi ces). w t hout
conpr om gﬁﬁﬁreﬁgggﬁ P@‘H’Fmﬁ SV FERRRiRE Bbovernoteshdsbacks of
knbWh OpERLEy 26 die ReadARI ﬁr&ﬁé’mlél%sé’b%!yl athMcﬂﬁ@cgfél R

vvear performance was ultimately need e SUI\/MARY

PERLNPENTIUONY TR 1pASsF Hiep dige Enthvel, Artmercvefeeblyswol() lines, to
ac@ﬂ?&)ﬂ?ﬂ&%eeadﬁéﬁ BRAGHKS oPh sample. This i 1s accomplished by selecting a step

distance between adjacent lines of the survey scan that does not equal the pitch of the

features in a direction orthogonal to the direction the survey scan traverses, i.e., does not
equal the pitch of the features in the scan direction, X,,. As a result, data concerning a
sample can be acquired in less than one (1) minute, and often less than five seconds,
dramatically improving sample throughput. Moreover, using the present method and
system, the characteristic dimension of the sample being measured can have a three-
sigma dynamic repeatability that is less than the greater of 1.0% of the characteristic

dimension and 1.0 nm.

According to a first aspect of the preferred embodiment, a method of

acquiring data from a field of features of a sample includes performing a survey scan to
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known systens by providing a scanning probe m croscopy
apparatus and nethod that perforns a survey scan in
woOesw/uisan five (5) |ines, and nore preferabl yPCWwSE@®y/038573
lines, to accurately locate a field of features of a
sanple. This is acconplished by selecting a step
di stance between adj acent |ines of the survey scan
t hat does not equal the pitgh of the features in a
direction orthogonal to the'direction the survey scan
traverses, i.e., does not equal the pitch of the
lopatg e dieldsising np weore tham fine suseey ssan lingso Thevsafierr mdaid soan dmtyde

pe?%?rﬁ%{, %E{Eg’oﬂ gﬁ%ﬁgjfeﬁ éﬁaﬁpté)gagq@ﬁeg&#% ﬁl\g}iecizzltgveelcog’%glg%sq %Qe gtn tﬁe

feasbuemynt i cal |y i nprovi ng sanpl e t hroughput. Mbreover,
usi ng the present nethod and system the
char act erth siidtlger dipsengitids e@bodifents tERlE P dal Yo AREME BRI of
can have a threesigma dynam c repeatability that is
feptutes UFIRG RO PqE fgﬁré%e%#lfv@fv sqandupesf In this cawathg distance bgtyeen

ad?ic%é%e@ Bt Sheidfly u e Gard 'tﬂégﬁ%g og%hfe Il Eﬁéﬂ%ﬁé g&fgction

he preferred enbodinment’, a ne acqui ring

- orfhogpmad tf the butveyf schrelinear es of a sanpl e i ncl udes

performng a survey scan tolocate a field using no
nmor e t hardn hifirthesaspect pf thissambddiesnt, thhaspeafriter of aa itageafrom
scan may be, perforned,. based on the,. surve can, .to.
o SR s PRl P P iR oF Pt e i Bl o ins
lafgepthari €. diththsRARKE iR fratdSip@iredtior Mt gD QthEBARL linkd e
survey scan locates the field of features using no
nor et hamde¥aingus %e¥hes dect dfIBS embBdilBhiS tHe A%®anct P&ween the
di stance between adjacent scan |lines is substantially
dafprequigitiop dnesis atdpast#ppesximplyfeayelip aviee teitthofthe feature field
16H g 186 it RO L AR '-
o B B BISALRORAR of el UL e BRERAL MERrmlfhFrog e
sugieyispage fromthe data scan is such that the dinmension
-of the ratio in a direction of the scan lines is
| ar ger t Haastilhfirttemmepest ofthsfenttodineat, itle determirdig @et hen
rt hogonal to.the scan |.ines, According._t ot her
iR bop P eafis 3R et U5 s SRS B Pisd R E rtorn
re€igftionctyoritin e id XOABIRER@&t | east approxi matel y equal
to twice the pitch of the feature field along the
first axiAvcsramigtd@nofRibRferfd iR dBEAl) adhRRoddf abd\BrifBlAa

scan_ i s determned fromthe surveﬁ scan.
from each of at least three trench capacitors of a trench capacitor field using a scanning

probe microscope takes less than 1.0 minute from probe engagement. The acquired data
is analyzed to determine a characteristic dimension of the trench capacitors, whereby the
characteristic dimension has a three sigma dynamic repeatability of less than the greater

of about 2.0% of the characteristic dimension and 2.0 nm.

According to a further aspect of this embodiment, the data is acquired in

less than 30 seconds, but more preferably less than 5 seconds.

In another aspect of this embodiment, the characteristic dimension has a

three sigma dynamic repeatability-of less than the greater of 1.0% of the characteristic
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In a still further aspect of this enbodi nent, the

determ ning step uses pattern recognition on the data
weaceorimedof rom t he survey scan. Preferably, thecpasSt@®sn3ss73

recognition algorithmused is XCALI PER(r). According

to another preferred enbodi ment, a nethod of acquiring

data fromeach of at | east three trench capacitors of

a trench capacitor field us%ng a scanni ng probe

m croscope takes less than 1.0 mnute from probe
_engagenent. The acquired data is anal yzed to determ ne
dirgensiearaad tl ernrgt Tlee Wethedisipericolarly hesfelfenahlyemgdentiocapacitors

r ristic dinension has a three sigm

thaggﬁagﬁﬁ’x 1h B fhe Erlafci‘hfc)a}ﬁeﬂtbﬁ%.

m c repeata 0 ess than the greater of
bout 2. Q% of. t he teristic,dinension and 2..0 nm
Accor di ngoreuabio HEH gt b B0 e g RpRger

indedeBpérforaiitid sieekyisbad 868 4 MBN30ICGHAINS fieldbh HDagple
preferably |l ess than 5 seconds. In another aspect of

suage gne REFEITRME dats 180 eleng astcond axis b wpaBshodmsagon
NokdBE 2 e BIR AR as] SREFRY ok ol RSN, t he

greater of 1.0% of t tircdinmension and 1.5
run. The ' I .6HI f for_analyzin
trench oAb REak S abhof e By it SRRk s
scapajpgeirdtermsicrodorpe (SR Myintindes sprovididglargrbierhassgachntiibver and
t hi.s enbodi ment, the acquiring step jncludes . .
copizes P S & Sngpgig e drghe g dgdple; were Mersampls inlidss &
fieldnst féatereslhaving MrsspiEnliea iédias of s%aﬂniﬁ% R4 SEcHE FitcHlah &
scan along a second axis to neasure the dinension.

dirpgdion pinety degaecs Ethp scanming directign. Prefereblythe mgthof apifyrms a
QA HRAARR e Aidhel1BS e 1A 5F Dl jpent of
SCthe_preE@ﬁ} iﬁ%entﬁ%ﬁﬁ%gﬂﬁgéﬁg%&gﬁﬂ%gg?%%ﬁ%@Bthe
substratiallnerthmeoirdlyrte thessawing diisHidn ichrdenddizcant pnewifdhengssa
maRRRghaving a cantilever and conprises the steps of
engagi ng the probe and a sanple, where the sanple

includes,a field o eatures.having.a first pitech in a

directi on HFILe g)n%{uﬁtéeraaﬁ%ec O@B‘é&ﬁﬁ’%sﬁ%’h ﬂ?erimgtho&ls used to
idegliifyecdenten fotitedaya degbees ol thelshfre$ CQRANITAE c&itdr€ leh@n.

Pr ef.er abl ,(%Qe nﬁthod perfornms. a scan of the sanple
subgtagHey siSRmah orthe Falurraipeint where digisriare migeeinegengrally
coltRPbiG 18 HHRHeaithl fhtioh FHRd R UABA e Yedndte Hletlhﬁz(}ﬁ‘& d)he data

di rection between adjacent |ines of the [ess than five
scanjippeyformed based on the survey scan, and the moving step provides relative
movement between the probe and the sample that is a distance that is a fraction of the

first pitch.

In another aspect of this preferred embodiment, the method further
comprises oscillating the probe in a flexural mode. Preferably, the flexural mode is a

deep trench mode (DT mode).

In yet another aspect, a scanning probe microscope (SPM) comprises a
probe having a tip that interacts with a sample including a field of features, and a scanner
that provides relative motion between the tip and the sample. The SPM actuates the

scanner perform a survey scan to identify the field, and then performs a data scan based
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According to a further aspect of this enbodinent, the
method is used to identify a center for the data scan
woas@d4tiiot he survey scan. The center at | east PCT/US2006/038573

substantially corresponds to the feature m dpoint
where the feature m dpoint generally corresponds to
the deepest portion of the at |east one feature. In
this method, the data scan iy;s performed based on the
survey scan, and the novi ng “step provides rel ative

venent bet n robe and the sanple that is a

SEUN RS EH a?f% & Y’f ‘P Ve $CB¥ iravREses 1 moregharchlingsef the field

ar@inpd Mefyﬁb?xﬁgﬁtta s8dns tdPethePlal REJ t?xgn ?Hpﬁgh ment, the
u

met hod t her conprlses oscillating the probe in a

fl exural AUBQI%m b6 ﬁg ﬂp'ih}ér asggﬁ of i é‘f'ﬁ@odl ergethe SPI@I 1n§luges a

trench node anot er aspe

cospatien thady alpiﬂxxbediml @crqosrcd)qhmr(g&ﬁ&\@urwmﬂ ida@ScasPTAO@ata scan
sanpl e includin

d a1¥ Ilngigcagv? %1{';2} %hgg%tehntcdélgl%é%%{w ﬁieﬂne l9if gxc;lf@pélges III%HS
enmldame ¥, ehdmtasarentat WepscHahe tdiksie @ 2L
rq%gg%ﬁéiu tessthe scanne? eﬁforn1a gﬁgsgy scegmg;m%ynalmlc

ity 91 lesrcthan e greaispef ’flbﬁétr? Oérof gherpbaracigristis dimension and 2.0

nnpasedon the survey scan. Preferably, the survey scan
traverses no nore than 5 lines of the field and the

survey a

ni nut e. ?\g ?:%r g?‘ 831%?%53 %cttso ?E%lG lF% (f#%mg%eﬁ é’ﬁhed?velnﬁ?%wm
beggroetipatsnt to théve s inrtbé artl &emahe flipwirgy detdiial d@d@ﬂbrwcﬁﬁcﬁld the
o O A e P 0 S8 RS s iption
and ispeeifii cxamples,athile@aditati@p gre¥rrddenth 8t dhfE5F thd ﬁestem ifvention,

ernbodi nent bhe nmeasur enent of the characteri st

areyeIXen iy Wiy plusirapion and not ghiimugtivaniMany eheges bid mo@aﬁgettlons
mdy@gSnddd R e 9&0%@'%)?fhe%?es@xgngengorpv@tﬂéﬁgﬁg artmrﬁjfr P fhe spirit

characteristic dinmension an

thegenfermd she ingention decludghell suth anmdifipetiosf t he i nventi on
W || becone apparent to those skilled in the art from
the followi ng detailed description and the
acconpanyi ng drawi ngs. It should be under st ood,

however, thaBRIl&D "BONJGE QHEIDRAWRIGE speci fic

exanples, while indicating preferred enbodi nents of

the pr esémefﬁmﬁlhaﬂldeinph;fy a?lmdgnm f e iwyition i ﬁ illustrated i 1r:_j the
n an . n n n n
acdoMgH&ﬁé@ra& r{grél 1n WRICB hge reférgglcte %tu%n%rals rl&\s/lt)areg/en% 111?6 ga?tss’ tﬂaroughout,

and in which:

Figure 1 is a schematic block diagram of an atomic force microscope
labeled “Prior Art”;

Figure 2 is a schematic top plan view of a field of semiconductor features,
for example, DRAM trench capacitors, oriented in pairs along staggered lines of the

wafer;

Figure 3 is a schematic top plan view similar to Figure 2, illustrating a

survey scan according to a preferred embodiment;
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may be made within the scope of the present invention

W t hout departing fromthe spirit thereof, and the
wonvekise i ncl udes all such nodifications. BRPEFUS2006/038573

DESCRI PTI ON OF THE DRAW NGS A preferred exenpl ary

enbodi nent of the invention is illustrated in the

acconpanyi ng drawings in which |ike reference nuneral s

represent like parts throug? ut, and in which: Figure

1 is a schematic block diagramof an atom c force

m croscope Iabeled "Prior Art"; Figure 2 is a

schemat i C18WH4 31 ARPBLEVYIRY oforeiodihe tenchs eappeitreiaicigires 2 and
3features for exanple, DRAM trench capacitors,

‘oriented in pairs al ong staggered lines of the wafer;

Figure 3 tLC t

i oure o iEnE s BEOAIR ek Ry Dol S bl B greyines
S pf Bifgererded enbodi nent; Figure 4 is a top pl an vi ew of

one of the trench capacitors of Figures 2 and 3;

Fi gure 5 Rigiov boesidshetvriatic illukiratohs af the P fidds dFAR trench

praofiles along the lines QS of Figure 4; Figure 6

CﬁaP%Wrsorégﬂtg%%?mtthecsquya%%nrsaW@ ifsFigpreBnaamely plong surgey scan
hﬁe@%ltaﬁ(? 88 %@@1@@%&@ fho aaﬁt%x{ame Brb R Ldi6cisl ¥t o2 fhes S1

shown in Figure 3, hanel ong survey scan |ines
ardrid; S3, and |IIustrat|ng the addition of the profiles

associated with scan lines SI and S3; Figure 7 is a

schemat i Figuwe7pd ascheinetiv top plaheid &lthe H6ld bf #ewh capacitors of

2 I trat dat
TR gg@o%%%ér?fo&dgﬁﬁ N S ST
8 d t th fil f
e ¥ endre BER TR bRt RN Re o R e
caph@ietserestiltitiy Both @hddatHscan sfmgmewagr amillustrating the
nmet hod steps of a preferred enbodi nent; and

Figure 9 is a flow diagram illustrating the method steps of a preferred

embodiment; and

Figure 10 is a schematic top plan view of a data scan according to a

preferred embodiment, using a low aspect ratio data scan.

DETAITLED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiments are directed to performing sample
measurements with a SPM, particularly measurements of fields of features/devices of
semiconductor samples using the pitch of the field. By doing so, the preferred

embodiments are able to conduct a preliminary survey scan of the field with only two

. scan lines or profiles, the scan profiles having a user-selected length to image as many

features as desired, overall improving sample throughput and tip life, as well as
repeatability. A scan profile generally consists of an array of measurements of one or
more properties of a surface in a localized area. Usually a scan profile consists of a series
of measurements performed along a single scan line, that is, linearly aligned across a

portion of a sample. A scan profile can, however, have an arbitrary shape. Such scan
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Figure 10 is a schematic top plan view of a data scan

according to a preferred enbodi nent, using a | ow
waspemuissat i o data scan. DETAI LED DESCRI PTI ON €ET/TiSEN06/038573

PREFERRED EMBODI MENT The preferred enbodi nents are

directed to perform ng sanple neasurenents with a SPM

particul arly neasurenents of fields of

f eat ures/ devi ces of sem conductor sanpl es using the

pitch of the field. By doinblso, the preferred

enbodi nents are able to conduct a prelimnary survey
profiten caf bat duengdde foot ewirnlbie dn Iir;tersma $cgen nliimbefeemple features that

r.of i t he.scan of j.l e vi ng a..user-sel ect ed
o B AR5 HEE 588 Rty Nr @R PR L ke Jasatpren
tebHAIRY progHds aEed Beﬂeﬂt’sﬁilﬂﬁbﬁﬁﬂﬁastﬁﬁl‘é sEﬂnR:ohdhfc?or s?rﬁpl\é@hévu?gqfeature
repeatability. A scan profile generally consists of

digiepgignshat g8 @P‘éﬁ’ﬁhtﬂ%e fernptianad e%w@gwﬂ?@p@nm fos of a

SakitbRReotstrRdyocal i zed area. Usually a scan profile
consi sts o% a’series of neasurenents perforned al ong a

single s Li r ned
portion g?lﬂmllésﬁﬁlalug I%iglghc An’ Sﬂgo@ M e Lﬁi% %Ei‘ © §%1 ge\/ge a
seaﬁcmduntamwfw htmmfonﬁad: ﬁna&omll }ﬁa’aofrb ﬁela nsga)m s&gc@ﬁmfb@ €dhtures
r. ex ect a larg nupber of sanple
onieth e Sichiae DRAM G Geedon ipowh Tihen oReaTTERe
seMaéonbiotor chipauemas @bt shbwh ifkighiRer £5Qies bPRwRIE R evices are
techni ques provide these benefifs when measuri ng

digposedigriduedsn e@@#ﬂ nesiofig WAy tofedeiently wiline thsiren sstatiaf the
se?rﬁ&)nhﬁht&»r stibs %&%ﬁ&%{v@%ﬁo -i%? F’ﬂﬁ{d?@(ap J%gg)g 5.60

Sem con CtOTS rning I n
ofz;,apealtgla ¥pl the pOrsi6hclf Ladjac@lt sovslesigrodifset sb Zhaf ﬁxeg?levma pairs 60 of

sem.conduct or fer).havi for thereon a feature,
B0 Bl ahtbiiact fu bl biveoadon gys SBo! duage

561%83 MO wittedvelry qtBqracw thavifg paiss cFloyMaitor IR ade fsbiCidnh NY
sem conductor_chip such as that shown in Figure 2, a

adjagprt dQn o NGRS g ToEiRe ol i se@scoaﬁh@tcmc@moﬁ@eeaown ipFigure 2
in1Wes G MR BShaNHE]a JAEh P Be OXAILr8Yioh A& itiHeG LERT ) %hk%éls e®

t he real “e§t ate of the sem conductor substra
dlslt%ﬂe énthp yX” digedtion GwwBgh (deteat_t@)l off Hel featerss re@pfftattseﬂr@ Similarly,

f i
00 EPATEL 1 Byon U 1B B80L AP Doy
betwéee successivdedwanef feathrenis obde afraff tat die el5ere6in édinihbh Solumns
ces 56 shown wi th every

6% eRE X {“gw i m‘%algﬁsy Ppﬁng}ﬂ’@ ApAEme idnow, cithop rgmyieesign

offtlieOmafer itself or, for example, by conducting a preliminary high resolution AFM scan
of the sample under test, or another sample that is known to have the same field

configuration as the sample.

To determine a characteristic of the field 54 of trench capacitors 56 (e.g.,
depth of the trench capacitors 56), a survey scan of the field is initially conducted, as
shown in Figure 3. Using the coordinate system of Figure 2, illustrating horizontal scan
lines LO-L3, it should be first highlighted that the survey scan is preferably performed
using a ninety-degree scan, i.e., a scan conducted at ninety-degrees to the direction of the
desired data scan of the wafer. In this regard, the scanner can be rotated ninety-degrees;

alternatively, the sample can be rotated ninety-degrees such that, in either case, the
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adj acent rows. Notably, the region of the

sem conduct or chip 50 shown in Figure 2 includes
woeainimeso having a pitch in the "X' direction, PCT/US2006/038573

identified as Xpo, which is the distance in the "X

direction in which the pattern of the features repeats

itself. Simlarly, the field defines a pitch in the

"Y' direction, Ypo, being the distance in the Y

di rection between successivErows of features 56 of

the array that are aligned in common columms 62. The X
suawegy sdanpis tahluvtat u'tezsdlr@ép:ion tintlis ¥plast autestanyipliscpdrlie] kobemmajor

' 0 of the fer itself or, for
a"é&%ﬂ%%mfb{ﬁ%%ﬁf BCQP%FEWS nary hi gh resol ution

AFM scan _of .t he sa nder test, or another sanple
that is ERBVHCEB LY é%%\’ﬁ g first hejopprgted dhenegar thei Mg 19
(Fgga%e DGl |s§m 1£80 AQHRN Mib & gﬁrnﬁﬁé@&k?m b & Which B tfg ® gt the

trenc capacitors of the tr
prelxpkcoftthy AFBquntaatséhrr saa;plm‘ealtlvnfo fidkéﬁ isdylcally unknown such

duct th
0t bl oF OHE RS SBAGEPLe el B b e s B o
Ingpoatantly, tegield)s4 Bustive ledand vdthy@néhllp ibsbiugder it e@ hdiad that

t he survey an is preferably performed using a
the, ruieqRdyeigr %étugf‘c%fﬁmefesfets beige Beanredot ¢ gensidens position

thFSupESLY 1R 8ESmER. ‘PP&n A 16&kibR B4 quﬁ Qﬁnﬁ@ a&gagg, tﬁ@hg%rgmn

scan of the wafer. In this regard scannér can

prevdestrelgtivg metign bptyeaadhe AEM probaitip i/%m;d sampte Kegopha thasurface
call®e qrﬁﬁ%ﬁ%’a Qél@c%dymgc?egcg%g? g&% 51015; thls Ont ?ﬁsretpgﬁage sggments

hesur ey scan Is con |rec I
ofltiastveyusbat 8itS2and)S3paicadtlglthd mefelred nojlOsf @xtasionfs thee

ell] tlcal hape re ch aC|tor 56. In thi
ospillgting propg dee %mmﬁ &Béala%@e Sflapleﬁaa@%&@ﬁ@vey
scAP %&b@dé’t@ls(aEmﬁwdQluﬂﬂl% @tﬂﬁtaﬁﬁﬂ@l @ra’iﬁl seiefts Bhiagd B§ Whlle no
per f or med oint 64 at which the tip 19 of th

Suafeafﬁétamtalscfn dwgmtmﬁrmrt of thihgcan grkngensldp sgameats Sol and 83,
sebin€lt®254 is typically unknown such that the field 54
of the capacitors 56 needs to be | ocated, as noted

previ ousihy.. %lﬂp of &P Lde¥ne &Rl 6 sqlrv%lf dgH Qr?chb%qghﬁg to

Wit h genera ute certalntytoms
ideiy t}mrfdlm‘i@f tfegclt eapecitels §htlerdigince sf bairegt $aSthe avet

By SR Pl RSBy HIERUP O O TGS O

mé@sel desnerof et suvi@y B8dnl 1013s. DELivRQR MR PIel the Rndd of
and sanpl e 50 so that the _surface can be imaged in a

segrapy é@@é thesyeesreagie f yeve Rralodsgnequal oihadevisgegitch ¥ rpin the
X 3PP ik IFEIHIRMFiBure 2). By making sure that the orthogonal distance of

segment S2 is not equal to the pitch in the X direction of the field, the algorithm insures
that the probe will interact with at least one of the features in the field 54, the number of
features depending upon the length of the segments S1 and S3. In this regard, the survey
scan must traverse a minimum distance during ségments S1 and S3, for example, a
distance corresponding to at least two lengths “L” of the trench capacitors, or two times
the pitch distance, ¥pp. At least two lengths “L” are required in this case due to the offset
of the pairs 60 of trench capacitors 56 among rows 58, as shown in the figures. More

preferably, however, S1 and S3 are sufficiently long (for example, four lengths “L”) to
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of the survey scan, SI, S2 and S3. Notably, the

preferred node of operation is the oscillating probe
wdeep/mrdach (DT) node. When i magi ng t he sanpl ecdmszig/038573

t he survey scan, survey data is acquired during

substantially parallel segnents SI and S3, while no

survey data is taken during the step portion of the

scan orthogonal to segnments S1 and S3, segment S2. To

ensure that one of the two 13 nes of survey data (Sl

and S3) is able to identify the field 54 of trench
travapaat least swd 6f the hlalcﬂé§id6atb peovide ﬁlegéﬁmw@ﬁpc@ﬁlahbﬁi for

urvey scan selected tg insure t . the ti

uPFALF CAE AR RS, ABA 4t TR GPOTHIShELithRK cs@p%nﬁgg
thFoR gt ?P{feh PhaPiie s@fvet f8n ?sLHnY}eMVOSI%E‘ d1 HA%3. mtaﬁns‘%%lt{gough

acconpl’i shed by setting the | ength of segnent
thisilescusstonegnlsisdans todwa ()aluvey g lines, bwreisleyesadcan tndsheay be
us?cié’ho%?dt’ﬂ' %gergre)f( in the X or data scan direction

naklng sure that the orthogonal
di st f t I
the X i RctPERTEREYRG SBBRY, S el GBv i R Rl e C2

difthak té 1R righObfRthavinkjor b EA’a@ﬁth&\feIhbtl@‘lly'sE@)‘éH t1eAhe856.t BBhis
features in the field 54, the nunber of features

re&@éﬁéhsa & L SHighRe foam Geveress thereenghegtens wibsjantiglly immaterial
to kit gl Sf Gy 2 bhEerDY fh\é%énélfé@nl\/mﬂfﬁaxﬁ%ﬁ@ ﬁ?sfﬁ)wn in Figure

m ni mum di stance during segnents
4, Sheasipieg scan dice ofanieancle 66 m@.sp@ Ainy@ne of G 1d>oaasm$ @vR;or S and,

glJ\/e%[ncg%] E%l atll“ mxﬁelettr St tfle eg;ﬁgf ga?:%loqegﬁ& ?r{?ssamﬁ cergFrepomt hes a
res'lf]!tq edchedofila whlhpmvxdaﬂe sdme itdicatibie o Dt sRbtigf oftth€dpbst portion

0 of acitors 56 anong rows 58, as shown in
of ety TBS > NBRE i eF Brd SO BABYlorenGhouh dhegopiep re

difretbhtl ﬂﬂeﬁ@%ﬁt}!!rs ek A Joim@NRIARoS in heYEan! BPEE isrection)
totraverse at |east two of the trenches 56 to provide

a | arger codfiMBNg, A AhHITPNHag yr%l&?%ﬁﬂﬂ%rgf egéﬂd"f the segments
anal ysis. Again, this can be acconplished wthou

S 3omu§ﬁratgi miFrlgm@ﬁpét thigi ppé, thy SHWQ}h@als Wromesplfzt@md the
t I Hgh & hi

al é%]& E‘éé.)tg% lngcﬁe sar aat|3 %en?ﬁmtnw d sgaguc%{}e ﬁtuiullaﬁ tlge

prmﬁibsaa&somaxe@wsh ﬁre tWo n@m limay S bendSede ﬁhmallylkuhim&dus @rovide

R STgis T PaRebLiat ¢ 1R edrclompEEbm 2 G R girengion. o

pattlélﬁ régdighitiodXdos, knévwn & tht batipet isioh| 't&ﬁ |ofﬂére§|B @%@n&)( €5%bR%on
In this regard, the "slice" whi ¢ he "scan

OfNaaelé PBsis e empigyeheds salersioogip éltefaaaiit p%trmrqcmtl@r goald be

replaced by an operation on the scan data directly, instead of converting the scan data to
vision models. For example, an operation may be employed to identify edges on scan
data directly without pattern recognition software attempting to match model. The
Caliper tool, in this case, processes the data of Figure 6, namely the summation of the
profiles of segments S1 and S3, to recognize patterns in that data and assign a score to the
summed profiles, features P1 and P2. The Caliper function compares the scores
generated for each profile F1, F2 and selects the highest score. For instance, the profile
P1 associated with trench capacitor C1 may yield a score that is larger than a score

corresponding to profile P2 associated with feature C2. As a result, in the case in which
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to the goal of identifying a center of the trenches.
More particularly, as shown in Figure 4, the survey
weceent/giisee of a trench 56 nmay be at any one oPCThs2006/038573
|l ocations Q R or S and, given the general symetry of
the features 56, each slice has the sane center point.
As a result, each profile will provide the sane
i ndication of the |location of the deepest portion of
the trench. This is illustrdted in Figure 5 show ng
that, even though the profiles are different, their
the éiatiperduatsion ndenéfieomrnddla Pp Gassediaed with (g tisc@aliper todMeturns an

. direction, nt i.nui i magi.ng, i n DT 1md i el ds
il 42T sploE By Mtnc R AR e g T gt sCar e 1.
illustrated in Figure 6.. At this point,. the.surve

scan is c@]’?p‘?eé{ %epglﬁéle'ieﬂ]émﬁllgjl&e?tf Sfipn f‘PIhtEe figa é‘%‘%‘ﬁsr y
dél@hinih a detvey FdaRReerdeHonse ERCTRINiRlire 3| BuPAY béadlb@Es SC is
the profiles associated wwth the two scan [1nes SI and
simplyg geomfiHG eenfey oSt Sabr 6v thednisisertionef gling thggigh the

| o 3 .

N o RO o DR B 2L Lo
SasWithghealrvqysca ¢epionrS @, Godwinftlicadatrlschy cogrenxbe determined by

Co ti f Natick . is.th | .. As,
G s e Pt SColia s oF SRR o i egwen
whieghlhaeigor?) 1 (@pedcal bOoTK Uirekish) padhgdaiongitédnes hbiliion 70

i nstead of converting the_scan data to vision nodels.
oxigds et Brselianh Aate prap entenDfrels shevindiyed. More aatieylpy, the
“xedg&ﬁioarhoﬁeé}ﬁngﬁg b @b ESrlinNeVMsEOMEd iR ﬁﬁe{?gg)&t of the

recognltl on _SO tvvare atterrptl ng to nmatc
X CAILIPER ®tfamdtion iprovides theglakescaneota J¥@sInt this cawt BCAH$ positioned

. Fl guf TRAMRLY wrati on of the profiles of
mssggﬂrrltrle%tIgr‘gllIl an%ylgff?ﬁ'tr% rectggnize patter ns in that data
and assi gily dy SFaLfid dd\BeSUBARIOE | 83, chfBhiifes P
and P2. e I pér ftunction conpares e scores
pagfonaedt Baningrto Egpmte Htiof dataschi cente? Dilhid akap diat §1 tahéprovides a

hi ghes ore. [For. instance, the, profil | .associ gt ed
oo o e i e 1 o rayeryir e £ s Lotfiaeiistof
trérith @8pacttbid 362 SERIRH: € G0 klirQSPRAAlItRIdADsdah @bV dr&s Mdee segments or

associated with feature C2. As a result, in the case
datasgmistipnmecghovmdr Fiayrct Tn D2 deh D3t iAdeo simiar tp ghepurvey scan,
LAS L& : WY : , I t Uh .
pieREMAChELaH ihohitrdldbring *S‘Sss (e stibfidyy sOthord D21 i oolycting the
suaesyi sean @ld suhseguend pattramrecognétidnl functibhe andestritst @povenscan 4
R I S LA
offthg/trerechds cohtuiv@yondinadL.C et 6T (1. 8¢ datirs inidHoyht R ag@sived, i

center of .the survey scan, i.e.,, the intersection of a
pIpy glgtqqu%@qﬁlopﬁ) maximum trench depth, as discussed earlier.

Segment D2 is preferably set at least substantially equal to two times the
Y pitch, ¥pg, shown in Figure 2. By setting D2 to this distance, corresponding aligned
rows 58 (as opposed to the rows offset therefrom) of trench capacitors 56, namely L0 and
L2, are traversed and imaged by the AFM. Based on the acquired data concerning the
features, the trench profiles shown in Figure 8 can be plotted and a characteristic feature

can be measured. In this case, because the survey scan provides an indication of the
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m dpoi nt of scan lines SI and S3 and a |ine orthogonal
thereto through the m dpoint of S2. Wth the survey
weear/gensser, SC, known, the data scan center eamuse006/038573
determined by translating the survey scan center, SC,
to a point on capacitor C3 of pair 60" through which a
hori zontal line (data scan or "X" direction) passing
t hrough center position 70 gxtends. The resultant data

scan center, DC, is shomn i Figure 3. More
particularly, the " F03|t|on corresponding to the
Gftifl&?é ptiha éﬁ@gesaiﬁs W@,Chtsw aptially corespondpistthofocttim of maximum

d{&%&dﬁﬁﬁ( I 1nﬁfég%' AR Ae%nt éféﬁtrqd éa}e%dﬁY a}fn%tl%rc‘it er, DC

case 'S positione scan
il lustrat e determn t he
dat a scar%\?ogeégr%? Vb:ﬂl % Ssﬁn%& ?21 152’%3}{1@’@/ 6%53 SBEr %r ds_can may
beéTann i ang] etoOoﬂall@ub @ cFuvehfitmatiaioadis@Ados MFB rdokr b&n 2ds@AGwn in
I|n E%IggpéQrOV|des a center, for the data scan that
Figpres g il dhewevey semshqves van Gainteaiirg Yocieed aply be
tradArsed with @6 BeatiaRBd $reVide APindPhiidd FmdmbeicpH o e t feature

scan, the data scan traverses three segnents or
gla@rqthatgh@ flasm conitereB Copranprted sipg @L@rtwownemrvemca@mébgmly causes

thERY séahg‘b Cfg{'?r%]egth% Eegltesf%gf\‘cﬁé/ featfil w1811r? ]actcec% atF{) %é qgrégcets. Nlot%bly,

acquire ep segnent,
totooamdescdre fgturé dependene withdRpasath ﬁmﬁm&f}&wﬁﬁt}faﬁhg sub-pixel

PG R RPEH B0 M sa Ve SR e G0 b Ared derbep g

happ &k @tsuddekdlod, it ddd Bee@RER o febfolhed ftROGhes order For
contalned on lines LO and L2 (i.e., feature m dpoint),

inglancgel§iF FEHCY §990 SePoNT AP ealslornisiod athien thegfsemsslerintim
&&ﬁa&@oﬁﬁgkmeﬁwﬂ'lﬁaucﬁﬁggﬂcaﬁ@&k' er. Segnent D2 is

preferab set” at 1east 3ubstantially equal to two

tinmes t h@*‘@ﬁr@Qfs@tE‘fort\ﬂﬁ%ovﬁ&l %ﬂm df‘uét:ﬂagﬁé ﬁlei) e@efa@%@ﬂi}g 90

D2 to this distance, corres Ing a
desprphod atidatel] stroaver Aifier b6 fip etd sapiedre em@aged withene tmother in the

0BTk Bl Rk RR Pl AR Nt Bl e R A
pcxsﬂmnmg Iﬁhel’;golbd‘lzﬁldfﬁxlablelt@ﬁerfohlga shbﬁﬁﬁéht RO kﬂe@@r;&ﬂﬁiﬁﬁllﬂhﬁu’c
ure ot t nd_a characteristic feature
m@é“ﬁ%’é@%?@ ¢ o1 s3mp ?ﬁ‘ S%B%rgtfg’é asHEYe¥ §rapdy Black94.
'Pr@fefh‘%l}dﬂﬁ safvely ﬁgdncﬁstﬂo% p?éwéd@@c R tRk0- lﬁfe sﬁ%y devitke %ﬁfb@ently
whi ch substantlafly corresponds to the location of

logrissithafild of fearescyprthe samﬁ_lq Afdntersstibrmalingiane thaiistep aregent
(s9 %Pf?i%ulle%g 'iseé?‘f}héti:én) e Bftﬁ@';r;]lt&l? bl )g"‘ﬂ'élgckt Qe R4S

ni net y aegree Sca scan may
scan data is processed. Preferably, a pattern recognition functlon such as the

XCALIPER® routine noted previously, is used to identify features of the sample and
assign an appropriate score to each. Based on the scores associated with the different
features, a particular feature, typically the one having the highest score is identified to
locate the field, and the center coordinates of the feature are preferably stored. This step

facilitates locating a center point for the subsequent data scan.

Using the identified feature and its corresponding center coordinates, as
well as the survey scan center, SC, a data scan center, DC, is determined in Block 98.

Thereafter, a data scan is performed in Block 100. The profile data generated as a result



10

15

20

25

be conducted according to a conventiona

t wo- di nensi onal APM raster scan, as shown in Figures
wa2o@/marmde 7. Simlar to the survey scan, howeveCcT/Usamh/038573

feature 56 need only be traversed with one scan |ine

to provide an indication of maxi num depth of that

feature given that the data center, DC, conputed using

the two-line survey scan el gantly causes the data

scan to traverse the centers” of the features within

acceptabl e tol erances. Notably, tolerances are feature
ofcipentiris thepiised to Wetepnine e charraserisn pf thomareple (s @ characteristic

havi .SHb- i I IS n/r tabi | i.t er, . .
BRI LR VB, B Ray ERERA b Plogh oY Phaining
stRPPeNRbifn 90 BLE bepatamed tnheas themefhe rogtmmexeqs@\admgy be

perforned in the stated order. For |nstance t he
Slgruﬁmthé,whm&élﬁpwem% OVFﬁatge PO & GHovatrd \aﬁ%oqsma Once the

allSRAm9Bli €&nh1Lib! eanB@feﬁgﬁp‘?é BaPbe hdCesSir a4 %sc%%@@ above
'ncluding scan size. Figure 9 sets forth a flo

di agr am iy gHeraBb i Geskited TR Ghd RiEihBH IRE hrehimed meodlments
described in detail above. After the tip and sanple
altovethe ngragreemmpy h twnrding proveyecan fo deteemine ebeligngeny em'eit (ie.,
Bl ock [ e t he.
al%ggfne{xt f%e éﬂpgcgafl i g‘%?‘%(gré? étlo%? n%s%orﬁlgnp n‘% efq 94{ % Fep
capadiohsHoehdt tiFdMia®Ras lineMeNind 3 (gaih, hadwbgis tdke iduhieg the

t he prohe or sanple), algofit nm90 rforns a_survey
St%%eﬂ%ewb%%@xerga e f@P%tF@Pg Bf © deyiees @ ff«?é‘»yrrgqpaﬂdm&gomon of
th@ (Piteﬁdjélp I ?ﬁinobl)‘ibé/ssmgsth@uéﬁ/‘tﬁe l:;éﬂﬂﬁ‘s SHY 8%i&E 38, thb %Emt of greatest

ficient l'ocates the field of features on t

tr@?&hﬁm@h 6n berﬁsgm@@si etsn tenahibe faeestay hage ppiatioayiwelipth

| gl(/éﬁthhﬂkgh@éﬁll Vﬁigé[)?&% O ol gsa‘%‘%g InQﬂ te&ldn

survey scan

mmmﬂdﬂs&kﬂmmareferably, a pattern recognition function,
such as the XCALIPER(r) routine noted previously, is
used to iQemnll, fhe prefatrer @sbadimértiehaye ppitieulandildg g1 the an

s R by R R Rt Sl blSe Ao e jmepsions

ﬁ&gﬂt@@?xe%ymbm?%%ysgmfﬁe fCE?MkﬁgﬁgﬂﬂgEbc tegﬁﬁﬁﬁ@pﬁﬁ
ent | e 0) |

S%%l&? uﬁfafse(ﬁ%?) $458 25 sufy W@%F@%@Wﬁ%@%m@&@&?ﬁp@

V\ﬁﬁﬁﬂe biafehi el AR, e CRithd&tishic Gﬁ%%n RO NrerfcRldeptfhas a 3-0
subsequent data scan. Using dentTtied feature and

dynamiccispeatabon df Iess bemelonut tbe@raaten af 8% dghegbiatactesistiche
dlg'}é{lé{gﬁ/ Mnl%e%fg@%ﬁecg@ thé m%ﬁﬁ‘lmslﬁﬁﬁ)& 8Negﬁ1red%rvegf/%ata scan

ermned 1n
lines which helps make the system robust even under varied environmental conditions

(e.g., which may cause thermal drift, etc.). More preferably, the dynamic repeatability
has been shown to be less than the greater of 1.0% of the characteristic dimension or 1.5
nm. Moreover, in the particular application concerning sub-110 nm ITRS trench
capacitors, sample throughput is greatly improved over prior methods. For instance,
while prior methods take well over at least one minute from probe-engage to data
acquisition concerning threé (3) trench capacitors, the preferred embodiments take less

than one (1) minute from probe-sample engage, and typically less than five (5) seconds.
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Thereafter, a data scan is perfornmed in Block 100. The
profile data generated as a resultof Block 100 is then
waged/upsdet ermi ne a characteristic of the sanpC®uUS2006/038573
(e.g., a characteristic dinmension) in Block 102.
Not ably, after tip-sanple engage in Block 92, the
remai ning steps of algorithm90 may be performed in
| ess than one (1) mnute pr OVI ding a significant
t hr oughput i nprovenent overl% he prior art, as
di scussed previously. Once the algorlthn190 IS
Ot mqmeeﬁleughamgmhmrsemanmli@am the ppsad elgssthnagrodidss thiedze d

he above: d d AFM and |
SRS ety S et RNV SRR 4% %e&%%& aplBations

E.“” | "o EET & TSRS B R R sl

d@@hiesfticigcdneer &hat yieldd a%taGtar e l6BBRsEhEAR i &iotBarbBie
that the data scan |li1nes D and D3 gain, no data is

aspggt eiod therflgtarsaen owp readrksht (Fepye Dr ;w@:h 3 datg gean can be

BP0 PR e (T haRy ol eI RRAT e (R0 bl

scafi a s4veplel ém lpemgscurtadeel 130 |Tthtt: dath sganeaiﬂas; tast iseniolv aipgt hatio

sc\%lgp?ogﬁe & tafl ¢ gtgls gf‘we)ﬁu eé}m@ﬁfﬁ f;é c‘qug%?p a?s\ﬁgct ratio) is
mPEOMEsdReh thythhh@f th¢ ebetiiedatedhotpure Nt $n fatisulngtvidih #agh
accept abl e tol eran the preferred

SUORBRH et Dok H&?éwp%? Hii %%?asafaep?rPQY PRPOp¥pto that of the scan in

Fi onduct or industry providing measurenents of
eat ur es/ devi ces havi ng di nensions (trench depth,

etc.) congpstionir, Mﬂe?tﬂaﬁ@hec“d%ﬁ@ﬁhe’lE&@ééﬁ%étﬁf&@lcS and C6
Technol ogy Roadmap for Sem conductors (1 TRS), such as

show-in Figuredon seagentddiholdhodgfa srea € depdiiah” c%epmng to gortion of

th. AFIR/I Bﬂg sc%kf Ei{u%{g wtu@ﬁ HQ Equﬁe bslgﬁﬁqgﬁée%c L&ld St#lgallg occurs due

I Mensi
torthepdﬁeatntdre bglthe iowmoftﬂaaiureaﬁ)@)uthlst dead gmea:ttﬁ be eddu@ed0%

ST By S b DR FHUAI oD Ly Y Agessin through

c&t&yﬁfééﬂ@EﬁC$I@) d ététﬁB2 Wieefardi@l. PEhersBdeeD T ReehabideIive fmes the
robust even under varied environnenta condltlons

Y pécly Voos ihbedtre fRiguic it ehioppas i eementcot yhe dofy gan is
trRfeRLERRBY oaph ARrYD D e SR LARHAI deoll BB AR Wrface

| ess greater of 1.
11c2ha¢ aeitlui mdgmgdpassisivoren cpalraé(soiﬁm tremh@ep@ttorsuﬁﬁ onftke data

a I concern | .IRS
PP U B R PL bR NV TRRL IR R il
undeptaaitiag thay e tipfe in whithtihakis. to Baversesitép@gment the data scan (D2
in Figure 10, in which feedback may be turned off, for instance), is generally
substantially less than the time it takes to traverse from C5 to C6 along, for instance, scan

line DI in Figure 7.

Although the best mode contemplated by the inventors of carrying out the
present invention is disclosed above, practice of the present invention is not limited
thereto. For example, the sample may be subjected to alternate environments (e.g., varied
media, atmospheric conditions, étc.), and can be used to provide measurements over a

wide variety of samples. It will be manifest that various additions, modifications and



whil e prior nethods take well over at |east one mnute
from probe-engage to data acqui sition concerning three
wOontmersch capacitors, the preferred enbodi meRCs/US2106/038573
| ess than one (1) m nute from probe-sanpl e engage, and
typically less than five (5) seconds. O course, though
useful in sem -applications, the present algorithm
provi des these benefits in ternms of throughput and
repeatability in a wide varildty of AFM applications.
Turning to Figure 10, a |low aspect ratio data scan may

rdmerangnmhmm «fdhd batdet ef the pessantdtentiGCaly BEMARS wikihat dev1at1ng

ields a a sc havij a.lower aspect ratio than
ﬁ%/H"ethSi%%‘ET‘n%rSg{?l?e gtf H%&ﬂ EVERETP CORGRA pr evi ousl y

(Figure 7). Such a data scan can be enpl oyed to nore
efficiently (for instance, with greater throughput and
|l ess tip wear) scan a sanple 110 having a surface 112,
The data scan in this case is a | ow aspect ratio scan
because the ratio of the width "W to the height "H
of the scan (i.e., aspect ratio) is nmuch |less than the
that of the scan illustrated in Figure 7. In
particular, width Wis substantially |ess than the
height Hin this case (generally opposite to that of
the scan in Figure 7). In particular, rather than the
"dead tinme" between features C5 and C6 shown in Figure
7 on segnent DI of the data scan ("dead tine"
referring to a portion of the AFM data scan during
whi ch no feature is being i maged, which typically
occurs due to the offset nature of the rows 58 of
features 56), this dead tine can be reduced
significantly, as shown in Figure 10. After initially
scanning line D (passing through centers of features
C4, C5), a step D2 is performed. The step D2 renmains
two tines the Y pitch, YpO, as before (Figure 7), but
as soon as the D2 segnent of the data scan is
traversed, trench capacitors C8, C9 are inaged with
little dead tinme scanning of surface 112, i.e.,
wi t hout i magi ng space between pairs 60 of the trench
capacitors 56 on the data scan lines LO L2 and L4 in
Figure 10. In general, the efficiency is realized by
under st andi ng t hat the time in which it takes to
traverse a step segnent the data scan (D2 in Figure

- 10, in which feedback may be turned off, for
instance), is generally substantially |ess than the
time it takes to traverse fromC5 to C6 al ong, for
i nstance, scan
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line D in Figure 7. Although the best node
contenpl ated by the inventors of carrying out the
wonrew@aisssnvention i s discl osed above, practi cecofustiee/03ss73
present invention is not limted thereto. For exanple,
the sanple may be subjected to alternate environnents
(e.g., varied nedia, atnospheric conditions, etc.),
and can be used to provi de neasurenents over a w de
variety of sanples. It wi | 11%e manifest that various
addi tions, nodifications andrearrangenents of the
features of the present invention maybe nmade w t hout
deviating fromthe spirit and scope of the underlying
Wihatie plrimyesl isoncept . What is claimed is: 1. A nethod of
acquiring data froma field of features of a sanple,
the nmet hod conprising: performng a survey scan to
1.| ocaA enethod off r@judingwhtarfeinna fikld o digaheys efeasambplec tic asctiidde
field using no nore than five survey scan lines; and
¥ening a data scan to acquire data indicative of
the features. 2. The nethod of claim1, wherein the
Sur Ryfossiap alseeay &an tdiecdtt tledictf, wheRiithesurvs $tgn Rates the
nore than two survey scan |ines. 3. The nethod of
fidel ypipg Do MpFAE} HvesUiey seidBehéfifeen adj acent survey
scan lines is substantially not equal to the pitch of
t he Jep@ting afdh@lsehn tb a@% 8B EARIRE bPREdRRlred O t he
survey scan lines. 4. The nethod of claim1, wherein

c

the data scan is perforned only al ong at

I t
2.substhemesthed §f olramndy wasreigdhasuarsycd oryes the Eg@.of fpaturpraising
ni@%ﬁggﬁgﬁgghﬁgygémlmggrein an aspect ratio of an i mage

t he

rom ata scan i1s such that the dinmension of the
ratio in a direction of the scan lines is larger than
3.t he Herrpatbodont climZnwherginjagiistancy beiveer ediegenbrurfrygoselines is
| o
sob Rabdiy BEC (% pifh of B HIRRD AT 2 SRl b Hothe
swweyrsearlitebhe data scan is perforned along a second axis
that is at |east substantially orthogonal to the first

axi 7. . hqd lL.ai m 6, wWherein the. distange
4. bet \‘j\Tehee ﬁn?t%(gle ()Otgfagaxgg Cgﬁ%rgﬁttﬁéo@t? %Cﬁrel Jy Regtloﬂned']only al%ﬁg 296t
substantially parallel data acquisition lines.

5. The method of claim 4, wherein an aspect ratio of an image from the data scan is
such that the dimension of the ratio in a direction of the scan lines is larger than the

dimension of the ratio in a direction orthogonal to the scan lines.

6. The method of claim 1, wherein the survey scan is performed along a first axis,
and wherein the data scan is performed along a second axis that is at least substantially

orthogonal to the first axis.

7. The method of claim 6, wherein the distance Between the data acquisition lines is

at least approximately equal to twice the pitch of the feature field along the first axis.

8. The method of claim 7, further comprising determining a center of a scan area of

the data scan from the survey scan. -
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at | east approximately equal to twice the pitch of the
feature field along the first axis. 8. The nethod of
wobheirruisse f urt her conpri sing deternm ning a cenPer/usoos/03s8573
scan area of the data scan fromthe survey scan.9 .
The nethod of claim8, wherein the determ ning step
uses pattern recognition on the data acquired fromthe
survey scan. 10. The net ho& of claim1l, wherein only a
singl e survey scan is perf Cred prior to the data
scan. 11. A nmethod conprising: acquiring data from
9. eac Aheimeghod dmdimBhwhercinthaddermapag steprses pitean racegrition on
capaci tor.fiel ' scanni ng probe m croscope, the
th%@%%?%ﬁHﬁdéPgﬁg?§§+§%wﬁéss than one (1) mnute from
probe engagenent; and anal yzing the acquired data to
10det dheinieehcal affedaimdt ehérsinionlyh sitegis suaneyodcait rgetfommelprior to
capaci tors, wherein the characteristic dinmension has a
th?ﬁﬁ%ﬁmgigna dynanmi c repeatability of |ess than the
greater of about 2.0% of the characteristic dinmension
11and 2mBthdacohkgrisiifie met hod of claim 11, wherein data
is acquired in less than 30 seconds. 13. The nethod of
claim 12, wherein data is acquired in |less than 5 }
Sec g A deta TR 6t A 1B t%q%airﬁﬁlf%ﬁapwglfséaf A tiepgh capacitor
b B e, e ML 28 MRS (e
mightgrieeon probg engagdingndidon and 1.5 nm 15. The net hod of
claim 11, wherein the trench capacitors are sub-110 nm
nod ecm&lgﬁﬂg ﬁleca%glﬂ?éd.tcﬁfasto dgtgrmiﬂ—gfc}%%c@&gtig ?infelllﬁbﬂbﬂ't:he trench
wherel h the acquiring step I ncludes, perfornng a
capasitosywheram thé omgacterisiic ditneasioshasa thige aigmatdyearhicebrbahility

he,.sanpl e surf.ace; rformng..a.data scan,al ong a
ot 08 AR TR PP S TR0 PR R 0 o T BT R0
bei ng at | east substantially orthogonal to the first
12axi SCht foetAdueofoiditndd, whereih dntmid G quindteindéss tlanSi0sgdonds.

survey scan is perforned prior to the data scan.

13, The method of claim 12, wherein data is acquired in less than 5 seconds.

14.  The method of claim 11, wherein the characteristic dimension has a three sigma

dynamic repeatability of less than the greater of 1.0% of the characteristic dimension and

1.5 nm,

15.  The method of claim 11, wherein the trench capacitors are sub-110 nm node

trench capacitors.
16.  The method of claim 11, wherein the acquiring step includes,

performing a survey scan along a first axis to locate the field on the sample

surface; and

performing a data scan along a second axis to measure the dimension, the second

axis being at least substantially orthogonal to the first axis.



10

15

20

25

18. The nethod of claim 17, further conprising
determning a center of a scan area of the data scan
wobrammisse survey scan. 19. The nmethod of cl ai nP@®/US2006/038573
wherein the survey scan |ocates the field of trench
capacitors using no nore than five scan lines. 20. The
nmet hod of claim 19, wherein the survey scan | ocates
the field of trench capacitars using no nore than two
scan lines. 2 1. A nmethod o operating a scanning
probe m croscope (SPM including a probe having a
17c antTihe evetirod df eimd 6 hvehkreio apmgkisngy ey hends peréorofed prior to the
dquﬂging the probe and a sanple, the sanple including
A B d of features having a first pitch in a
direction of scanning and a second pitch in a
1&di r etk nhodiofelaym d g ofueE ch@ptibigs saanihing adiefitecs axvan area of
perform ng a survey scan of the sanple along |ess than .
the fafe sqap A& e SPNEY E8Apl e, said perform ng step
including providing relative notion between the probe
18Nd e, SARIre 1318t RRGbiRkileuplel ROMAPGkdsHhd ReltiBEtrench
scanni ng direction betmeen adj acent lines of the |ess
capiraorsfising noineags thapdive Fppa liwet. hod of claim 2 1, further
conprising: identifying a center for a data scan based
2PN R Il REAN, WlGeifi A Bhc§ IS ARt fench
m dpoint of at [east one of the features in a |line,
cabhdtofsaaingme mard ploinritvo semtlises.general | y corresponding to
t he deepest portion of the at |east one feature;
perfprn.n he ] an;
G SRR ch O iR SR RSa naRbaR GHIH ISEATA pRRE
hdveigweantilehe, the atethodrdmplignstrpieps dfhat is a fraction of
the first pitch is substantially not equal to the

first pi.tch. 23. The method of c¢l.aim.21, rein the .

sur vaghinghe piobs ebe & RS ate Sl Dbk s JHRRE il Raving o
figeitthdda ditegionwf badnak a6d féedviilpiichus b dRectioanidsdepgees to

oscillating the probe in a flexural node. 25. The
thesemBiae §fred1o8i m 24, further conprising oscillating the

robe in a deep trenc :
P performing a surr‘)zey scan otf] the sample along less than five lines of the sample,

said performing step including providing relative motion between the probe and the
sample substantially orthogonally to the scanning direction between adjacent lines of the

less than five lines.
22.  The method of claim 21, further comprising:

identifying a center for a data scan based on the survey scan, the center
corresponding to a midpoint of at least one of the features in a line, the feature midpoint

center generally corresponding to the deepest portion of the at least one feature;
performing the data scan based on the survey scan; and

wherein said moving step provides relative movement between the probe and the

sample that is a fraction of the first pitch is substantially not equal to the first pitch.

23.  The method of claim 21, wherein the survey scan is performed at 90 degrees to

the data scan.
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node. 26. The nethod of claim 22, wherein said
identifying step includes using pattern recognition.
wazoo7aesseet hod of claim2 1, wherein said perPOTHS2®6/038573
steps are conpleted in less than 1 mnute. 28. The
met hod of claim 27, wherein said performng steps are
conpleted in less than 5 seconds. 29. The nethod of
claim 27, further conpr|S|n% deternmining a
characteristic di nension off2at | east one of the
features, wherein the characteristic dinension has a
24t hr @8e giegvd ofl yRAND L, figixe adapiding gscfatihgths prdbann & flexural
greater of about 2.0% of the characteristic dinmension
medsd 2.0 nm 30. The method of claim29, wherein the
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sigma dynamic repeatability of less than the greater of about 2.0% of the characteristic

.dimension and 2.0 nm.

30.  The method of claim 29, wherein the features are trench capacitors.
31. A scanning probe microscope (SPM) comprising:
a probe having a tip that interacts with a sample including a field of features;

a scanner that provides relative motion between the tip and the sample to (a)
perform a survey scan to locate the field and then (b) perform a data scan based on the

survey scan; and

wherein the survey scan includes no more than 5 scan lines, and the survey and

data scans together take less than 1 minute.
32.  The SPM of claim 31, wherein the survey scan traverses two scan lines.

33, The SPM of claim 31, further comprising a computer that analyzes data acquired
during the survey and data scans, the data scan data being indicative of a characteristic
dimension of at leést one of the features, and wherein the characteristic dimension has a
three sigma dynamic repeatability of less than the greater of about 2.0% of the

characteristic dimension and 2.0 nm.



