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1 SCANNING PROBE MICROSCOPY METHOD AND APPARATUS
UTILIZING SAMPLE PITCH BACKGROUND OF THE INVENTION 5
Field of the Invention The present invention is directed to a method and
apparatus for measuring surface features of a sample with a scanning
probe microscope, and more particularly, to a method and apparatus that
utilize information regarding the pitch of a field of devices/features of a
sample to optimize measurement performance. 10 Description of Related
Art Several probe-based instruments [[nonitor the interaction between a
cantilever-based probe and a sample to obtain information concerning one

or more char Re i microscopes
al'm

which typically use a sharp tip to make a loc easurement of one or
more properties of a sample. More particularly, SPMs. typically
characterize the surf@ZeKGFROUNBOR! FHRiNsBNTIENeatures by
monitoring the interaction between the sample and the, tip of the

5 ssembly. By providing relative scanning movement -

between the tll%ear}gls trte santl le, %urfa%%zo characteristic data and other
sample-dependent dafa can Be acqiiEd Ot Beh At taraug forreraens
saige featiracd reaplemding ssrapicd prebsainpleqanahe ererairdlaiico
MBI DIREHLASAAR IR VEBRRRH AL IYRE M SR F2g Qrpke of the

tﬁQi?%ls el;Mrinc des g very small cantilever which 1s fixed to a support at
its base  and has LTRSS SPEBAG Freatatamsst P HoEmsBtfosite, free end. The
probe tip is brought very 25 near to or into direct or intermittent contact
with a surface of the sample to be examined, and the deflection of the

d2estiteyrien iof Redpanse to the probe tip's interaction with the sample is
measured with an extremely sensitive deflection detector, often an optical
lever Several probe-based instruments monitor the intetaction between a

cantilever-based probe and a sample to obtain information concerning one or more
characteristics of the sample. Scanning probe microscopes (SPMs), such as the atomic
force microscope (AFM), are devices which typically use a sharp tip to make a local
measurement of one or more properties of a sample. More particularly, SPMs typically
characterize the surfaces of such small-scale sample features by monitoring 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
thfe; typical AFM includes a very small cantilever which is fixed to a support at its base
and has a sharp probe tip attached to the opposite, free end. The probe tin 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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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. 2 AFMs can obtain resolution down to the
atomic level on a wide variety of insulating or conductive surfaces in air,
liquid or vacuum by using piezoelectric scanners, optical lever deflection
detectors, and very small cantilevers. Because of their resolution and
versatility, AFMs are important measurement devices in many diverse
fields ranging 5 from semiconductor Enanufacturing to biological research.
Preferably, the probe is scanned over a surface using a high:resolution

tRBgax] 11 mple support and/or.the probe. The
B e T8 G
SRadeE e feetn e fiesd oFirs Do Rlstplosts o sennthicomiaib ertyr
gt Bk Pat Mo b 226801, e Bineo oAl ™

S. Pat. No. ..and Elings et al. U.S, Pat. No.
U e e B Bt AR e ey e agenane
iferaricentiteier manHechiridedsdildesicfresearal.mode. In an oscillation
lg{eration the cantilever oscillates generally about a

"flexural mode" of
fixed end. O%%eég&?g AR BSADETEAIRCE PE P S BRe 15ing tHuskrealnign

ﬂamﬁgmm@m;;}mgm dpeemjws@pqnpmwﬁmiwésnﬂmdﬁfﬂ@%ﬁ otihe
RESSROL ASSIINE Ptat ' e fip is osdillated .
{}gg(urall at or gear g%&%%%%ﬁﬁln%ﬁ gf’l‘ﬁ%iem Sas?\[ﬁ e%g?’%ff‘ {ﬁeeasﬁ)%ﬁe.
WhiSRIFIEPHY 95 SPIRRIPAARIERT BT o s mate 25 cateiérodiforthiemapin e
Slarfaesithlesqseil Blings enaplilsdeaisNietgonsser M BR(SHEACRT.S. Pat. No.
Kgpasdions. Typically, amplitude, phase or frequency of this oscillation is
20 kept constant during scanning using feedback signals, which are

generated inARepoRnSE: @stiRedanipatBracian, Jhestdeadback signals
R R e T s W0 it
eetss gt titistecacpbtitrmmirarelondofQhtp osditdingrenode Kipamtan
elepssrenn tRbliRaee ARk SpRRIRYS PpRigNR AR SOSItR. IS SRY-
present assignge). In a TappingMode™ AFM, the tip is oscillated flexurally at or near a
resonant frequency of the cantilever of the probe. When the tip is in intermittent or
proximate contact with the sample surface, the oscillation amplitude is determined by
tip/surface interactions. Typically, amplitude, phase or frequency of this oscillation is
kept constant during scanning using feedback signals, which are generated in response to’
tip-sample interaction. These feedback signals are then collected, stored, and used as

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 6scillating
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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25 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 oscillating 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 30 free
oscillation amplitude A. Notably, A. can be varied over a broad range, e.g.,
from 3 microns to the nanometer scale, the latter being typically used for
non-contact force measurements. As a practical matter, for low force
imtisratiorihwithntestsasogite tseHaatbethyringl dAagiRg fé nshavif.ReRs.small
pRssitig. butl tthe tip from king to the
o P Y R R o v

mple surface 2
éﬁ‘gfma@?% $horldbess sl ecnossible, @wmmmmwmmtsbmpm 22
mmwm%?&llmmrﬁ?émth %Qfapmug%@ffg&%ﬁ%“f&&s for
e n er 0 eo rive ma e coup ed
t%? %hellgcgﬁgl)erfg 2 a ro%ceéflg %) e ?ﬁ‘@’é‘?g%’%‘i‘&athe
éaﬁh@\ﬁéwmafrmewm% a@gdtccbwa @Muammmmmobe
MoEBOYefe Haaugimmﬂ:waﬁ% %&a@@m%&y&m 59 the ;4%%9?4 he a9 ey

ator, 2 ed to move sample 22 in three orthogona
g?r%écrﬁlgﬁél%e ;rli( g al}éfg%?r F%ﬁfé?ﬁﬁ&ﬁ a%\%atﬁ%fﬁri‘?kfea‘lfﬂafﬁdoscnlated
amlbvwhbmwtmmacmm thancplet? 24 sashple eb@pla@temﬁél pﬁ;ﬁ@"th@e
ety g@&%@l@&@ﬁ@ﬂ%%dﬁﬁﬂ%ﬁﬁ%@é'&@h ol arale irgct ons as an X Y

t;}daarc gaglar a deflection detection apparatus 17 a beamis
owarda the backside of probe 14 which is then reflected towards a

PR L B Vi S A

translates across detector, ropriate S|gnals are

%F%Rz\ﬂﬁ@ﬁ%%%‘g%@ ﬂ?é@i@??&?é by dgterding ishengleaingbs in the
osdiititonfpiqobe Mpﬁﬁmﬁﬁ@ﬂbﬂééﬁﬂfm&%u%g %ﬁ?a’iﬁé% LRk signals

t I t lly to 20
&9&3@&%@5}@3 ﬁ?J‘[?aﬁ% chf; rtpoe Yyle?ﬁg'e OSCI gf eﬁt P%’B %zigﬁséﬁo? 26,

maintain a setpoint charac eI'IStIC o

4 %’)‘Zgﬁs{ﬁl @lg(gﬁﬁcgﬁgrphotodetector As the beam translates across detector,

appropriate signals are transmitted to controller 20 which processes the signals to
determine changes in the oscillation of probe 14. Commonly, controller 20 generates
control signals to maintain a constant force between the tip and sample, typically to
maintain a setpoint characteristic of the oscillation of probe 14. For example, controller
20 is often used to maintain the oscillation amplitude at a setpoint value, Ag, 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 correspc‘)nding
measurements require uniformity control and must be able to accommodate hi gh volume

production environments. In this regard, one advancement has been in the area of
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20 is often used to maintain the oscillation amplitude at a setpoint value,
AS, 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, 25 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 am and below. When analyzing
structures at such small scale, the catresponding measurements require
uniformity control and must be able to accommodate high volume 30
p%Btaﬁléf?g U L AR R TR Ye Biaafise of dRFaplce it mavzhe eagedin
thvertaietnef Hanse by nétenizidedgeit ixaltgke atinigopepstein EnotiRals @6

' ' ertajn ti r minimizing expert
fai i R O T G e

BB M5 XrEp ity ikt lowedprardighisrgli abltiibynsionfegg,

formxmapnle, Bienabikiyiie-fefeenhdighsaznlinmomuli- drme osign (e 9., 5

g B e e

offere eeco Instruments, have prov

automation pisHoEBYSsshNQREIIHESARRE sansiderad WhRRSYalugting

the 1|gelerformaracte of instruments used to make such measurements
iRCHIdE Thrugnp Ut AR FEFEATASME's RISl GHBUARRY Y trse=hilitve
riireBghpat, indhés sateatstieynbebimegedepahdn oy, arichddd ppaatability is the
RtisnigfiseRenlesiReASYERERR e.Qblegt unde
?fjje}snttic?llf?ol ditions. ,IA thirdé?;sue cor?%}gggn{_rg&_ %%ﬁ?.%]ﬁ.%ég \lfv ql)%ctlg}%eé
vanatior i mﬂss&t&*mgwaﬂ?ﬁ@strferg%@lﬁﬁéﬁmam&ﬂw@mmférem
conditions. iReprp thecibilityndssirapentand dndiffeeti: denenmoie Ruprainssitie
(RGRARYE AR ASCRRMAR EERRAIND. YRR ”z?*c%%he”oﬁgt%hcgfcﬁ{%%”'”g
the. wafer and focusing the optics, When considering ese metrics,

RABHHRRE s thage oghsithsralen nadibresinesiscmies Whemsrnsidstingor
theteoloigysckperimsesttiasbhvasi gneﬁwht tegrtfions.

To perform a semiconductor metrology experiment such as trench depth

measurement of a semiconductor wafer, AFMs typically initially perform a survey scan

and then perform a data scan. The survey scan acts as an aerial view of the wafer to
establish a position at which the data scan may be taken. The data scan ultimately
provides the information of interest (e.g., a characteristic dimension). More particularly,
and as discussed in further detail below, the semiconductor wafer typically has a field of
devices/features such as trenches having a location that typically is not known by the tdol
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 fegion to obtain a high resolution survey image. Typically, the pitch of a field
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measurement of a semiconductor wafer, AFMs typically initially perform a
survey scan and then perform a data scan. The survey scan acts as an
aerial view of the wafer to establish a position at which the data scan may
be taken. The data scan ultimately 20 provides the information of interest
(e.g., a characteristic dimension). More particularly, and as discussed in
further detail below, the semiconductor wafer typically 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 ‘
aceeamplshednEhasbiBpSAR, SR b AeURS SYSRMSIOR MERSYLNg
d%%hsﬁcf 1~gg‘.\hrgi(({:otnductor treg,ch capacitors, the length of each scan ﬁ%e,
spacing between SuaRSArL dprtien fiach theqsiiamm o dedarssitsnoaimitpelr.
ndissenstf andclivihbef ihamen-tefinage Fonakamplaicsdes etk Msnore,
typically take a large number of lines of data (i.e., high density), for
example, 32 Bierfiied Ratfem Freommiion eprgttionfisyoichityed tcdsttifye pair
tinfebethetpitcino fiihetipaidbasn3Q avare: SRIERMIOM OrabINANOR ot high

reseiban; image. Typically, the pitch of a field 5 of features has at
e L LRl it e e o

pheridetifisddrenshee Maersisianseniing o sohictedhequasiennlopfieatvegscans

repgaiscisitted;Torlengifaodn@ib R e SERADMAY '39 ‘Ex_f“ﬁm(gg&ﬂgl
IS19p.10.50 Ewhllcrprgs or n;gé«ih Thereafter, a pattern recognition operation

:l}condaucted3 o Rt ) Pair S BRI PAiEHEd SHuchHsdy) cbidpRepblish

cBRRRsr PrerdlithetdmoPhommcesstatagian sithifiantesoluion tise to

PEHOIBRS gt A AniinZAD £ Gond BRIR AR ARG W AIRUNG g midpoint
ogothtla_ h%%é‘&ﬂ&? rec[lc S. More(é(:v.er, according to'some techniques,
mUTpIe SUrvey seans may BB udHEs dhadhesrws 4 sradssiedaidrgique
sedugiaivdhes limitaji e eomariiia} (typi tatlyehpar sy seaeghirg!’ routine) and
then performs a second survey scan in "Y" to establish 10 the center.

Overall, thesB RAWR Brblesdadselsgirensesidhartahrapheion sty
domipietesdivenththmuttitydeanbSbansbathauniaeand Halloang s
itgi a%a@c{ g[i/g gﬁaé'%" gﬁé&#ﬁ& &h (e qga%evs%g %ng.?glrlles, Igree{ 'é‘a%,t Q?ggfgcg%%gﬁe%s{)?
"This small population yields conclusions that are less than ideal. For instance, as
understood, pattern recognition programs provide superior output the larger the
population of data. As a result, relatively small feature sets used in the prior art can
severely adversely impact the quality of the measurement. Another drawback associated
with high density scans is that the probes and corresponding tips are highly precise and
costly components which need to be replaced after significant wear. By conducting such
high resolution scans, tip life can be drastically reduced, a significant 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 enviroﬁméntal
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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resolution, the limitation concerning poor throughput is only exacerbated.
Notably, other drawbacks also concern the high resolution of the scans.
15 For instance, because the survey scan of these known techniques is a
high density scan, the scan is often directed to a small feature set, e.g.,
one, or a pair, of surface feature(s). This small population yields
conclusions that are less than ideal. For instance, as understood, pattern
recognition programs provide superior output the larger the population of
data. As a result, relatively small feature sets used in the prior art can 20
severely adversely impact the qualitf of the measurement. Another
drawback associated with high density scans is that the probes and
correspondintPERsysira fi A kier & ilingormdasheiarns dribatebenider need
texiepte placadmftes @égmifit;&rﬁmaaés, Bﬁé mm@ﬂqqtfie@ GWeE aleukl?reieﬁmwé@@

[ rastically, reduced, a.significant drawbac] ,
T B B G 5/ eP ek
& erreing g htespiedindes ihscsyaisma rbili mig entifis ot omp ld¢pthagivem that
wptdneratcManbaisibinidimitaton imand Q&ﬁ%ﬁhﬂ%i%ﬁ:qﬁ}{%‘éther
%ré)xl%lﬁamsdfi h%léje%jgs% S(e:\kingAenvironmentaI actors, more problematic. For
example  measurament tapahtARt ushmsthess bpicafiupafesitedy given
thdengsamnfalnthidepiteater the more time it takes to perform a
measurement. 6 Moreover, a further problem with known techniques is
that when, f6r &&PhEhahwas derigditehadisihobprtaarad ABY the
tataueogmisepktivelutheis e esnitegacs hdaselage d MNAAGIB YRR able
RMRHBAER AR ke MAIS ARG deleiine, s averaging of
the data hinders the systems ability to identify maximum epfh given that
Bge Sl e enstls (Ran eroalasardiar avebayel Saeslenesavith,
wigicatibpnthremimgimessueiiie Redietai-StAPHvVABIR-seSME: 8e¢h methods

| iahl imate trench depth, As a resulf, what was
S O R TR AR Ly i the
semiconductor industry, was a method and system able

SUMMARY OF THE INVENTION

The preferred embodiments overcome the above-noted drawbacks of
known systems by providing a scanning probe microscopy apparatus and method that
performs a survey scan in less than five (5) lines, and more preferably two (2) lines, to
accurately locate a field of features of a sample. This .is 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, Xpo- As aresult, 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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10 to perform both survey and data scans with a minimum amount of lines
over a broad range of user-selected scan lengths (e.g., to analyze a larger
number of features/devices) without compromising measurement
performance. Improved throughput and repeatability, as well as improved
tip wear performance was ultimately needed. 15 SUMMARY OF THE
INVENTION The preferred embodiments overcome the above-noted
drawbacks of known systems by providing a scanning probe microscopy
apparatus and method that performs;a survey scan in less than five (5)
lines, and more preferably two (2) lines, to accurately locate a field of

fea&ueeﬁﬂafmammmﬁ%gaw iRheddy selacling 3 &&a&&% il poce
bet L?agéa%ia nes of the survey scan that does not equal the %Q:% ifch of
PémF %ﬁ&?f SARIGEAEITR dHa ‘HW&%H@MH@%%EW@?
tr@v@rses i.e., does not equal the pitch of the features in the scan
direction, Xp,. As a result, data concerning a sample can be acquired in

less than onel? ERoHIFR ARRECH G titerediumen bR yeriacsariocaipathaticing
irfepmvmgisgmpiﬁmﬁugmwwwcm@meﬁumnmibﬁ@memamw;%d 25

s racteristic dimensi the e asurgd can
Xcﬁs%gﬂtépﬁ ?Q% IS SU &t%n{: aﬂ une uectmoot lt%/nﬁ nfqﬁ)\ %{ﬁgﬂgg 6 gé%t}ao&(

have a three- Sigma aynamic re eatabi ESS r

- 100bREsnEhE Ervirer seardingimension and 1.0 ran. According to a first

aspect of theIEre rred emboﬁlment a methad of acqumrcl)g data from a

field of features'o %r SRS FE Shs FEL Ssbme s GRS Ad an imees fioRate
diftedatassingisrohnthas teainfonciauoithe standindisccline rfstitasaa Hiataiscan

NRYeP@ P BISAMELioR 388 QRN IIAUBUSGAY B%ﬁ?(gﬂfg%cqgi [pdicative

of at least one of the features. In another aspect of this embodiment, the
survey scan lscatdi e dietheoisieteal thie srilsingnBg, e dsthan bata&Hmey

Wawlﬁ§iu% mﬁ ?saﬁqeag? gp%m%%ggﬁlﬁ g&;ﬁ; ??ontwadé Cen cﬁ%%nhl I r}e%ure field

substantlall unequal to the ature fi ha dlrec 10N
mé@l}h;@nég&g thgé&ean area of the data scan is determined from the

survey scan.

In a still further aspect of this embodiment, the determining step uses
pattern recognition on the data acquired from the survey scan. Preferably, the pattern
recognition algorithm used is XCALIPER®.

According to another preferred embodiment, a method of acquiring da.ta
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 further aspect of this embodiment, the 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 10 larger than the dimension of the ratio in a direction
orthogonal to the scan lines. According to another aspect of this
embodiment, the distance between the data acquisition lines is at least
approximately equal to twice the pitch of the feature field along the first
axis and the center of the scan area of the data scan is determined from
the survey scan. 15 In a still further aspect of this embodiment, the
determining step uses pattern recogﬁition on the data acquired from the
S can..Preferahly, th ttern  recognition algorithm used is
R R e PR e erb e b eirers rahcuroetirs
a%ﬁ%@‘%ﬂ& mpradedishcbicagaamst. three trench capacitors of a trench
capacitor field using a scanning 20 probe microscope takes less than 1.0
minute from m%%?ﬂaéém%ﬁhﬁ@@émﬁ% dehedimemathaduning step
dé@umm:@opmmﬂqodﬂiaﬁg i@fﬁ&%ﬁ@_t&r%%'a tﬁ@ﬁ@ﬁ@f&e"ggﬁi@y]c
t lon has a three sigma dynamic repeatability o
B R RAP BT GRS and
NP Recrandgurs it o darst subsisntialbyf attio smib ootima €ing, akie. data is
acquired in %3':;» Ieg&letharLS seconds, but more preferably less than 5
seconds. In another aShett BFthE Brmsstshisxentive emathetefoperatng a
diffRgaschagisrapnens CIBMkntnizmipreptiatabilitye bhiassatbamver and
gesiie i 0Bl bR AR SHEG T ABBRSRIAGEL SO, Thsmethod
|%%55?%galglr%% g‘%ul J%S n,algzlr)g trench capacitors that are Sub- f@ nm
node trench capactors. A8 ih s e off sempiae arheescondtisch in a
ehsienmisnty tieerersdoingr ateipg diclities PRI ERHYEYS6ARAIONG
adisisiniecalndiasie A0 HRSRTIRER SURse And performing a

%%gta%&%ﬂ %Iptgg a sgcond axis to measure t mension. R&tably, the
Second axiSioaeneLE i ths searing fisieHen baterem adiecanstinesof the less
than five lines.

According to a further aspect of this embodiment, the method is used to

identify a center for the data scan based on the survey scan. The center at least

substantially corresponds to the feature midpoint where the feature midpoint generally

- corresponds to the deepest portion of the at least one feature. In this method, the data

scan is performed 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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In another embodiment of the present invention, a method of operating a
scanning probe microscope (SPM) includes a providing a probe having a
cantilever and comprises the steps of engaging the probe and a sample,
where the sample includes a 10 field of features having a first pitch in a
direction of scanning and a second pitch in a direction ninety degrees to
the scanning direction. Preferably, the method performs a scan of the
sample along less than five lines of the sample, including moving
substantially orthogonally to the scanging direction between adjacent lines
of the less than five lines. 15 According to a further aspect of this
erobtdismary shenfetiosbls, isatiey identiyasemenday ihe SABSEAN fed

b%ﬁgﬁﬁmﬁw‘éﬁ% §ga%ntoTQtﬁ?g§ntBe[reSastdj%% tm%l%stantially corresponds
to the featuré midpoint Wf1e e the feature mi pom‘f E{enerally corresponds

to the deepeshpesiais & dhmatiarshes e IndhisMalas e date
sgan 'sttgeiﬂf rma(fd badzgd é)n.thﬁ 8su,rveéﬁscan, and the moving step _
provides relafive 20 movaiest feiRels e deiaaacme Himpa sen is
addistisriedicatiae iof a dhartitristt thacfiishpitahlels anothar-aspaes ofthis
peatizasamBorineRmbemRIRg UG, SRBRIRSSOSRIAINg (N brobe
ina fl%giralépode. Preferably, the flexurall mode is a deep tre

(DT, Fa Yar D smarpisber 2 Sesh Minghprstraisticibonsios (SFN0)
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 sathptearfridhehiege feputesrradsdumtegep eftberinesmimveyiiscan
tmmmymmﬁeldmamdcﬂwnpmefmsﬁﬁ@faﬁmfa@t%ﬂéd%ﬁ%ﬁﬁ@ﬁ%ﬁvt% '
S r . ryey scan traverses no more than 5 lines of the
T S e e rspntion
Aol sparily cranstinfihirindisping e fsdembotineatsio e HRhinsledies, a
coengutebhalyanalizesicniaael R SHENOVRE SHMeY: AR Haig Seans-
% g%ég @ithin the scope of the present invention without deparﬁng from the spirit

thereof, and the invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred exemplary embodiment of the invention is illustrated inthe |

accompanying drawings in which like reference numerals represent like parts throughout
and in which:

t4

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;




5 data is indicative of a characteristic dimension of at least one of the
features. In this embodiment, the measurement of 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 nor. These
and other objects, features, and advantages of the invention will 10
become apparent to those skilled in the art from the following detailed
description and the accompanying drawings. It should be understood,
however, that the detailed description and specific examples, while
indicating preferred embodiments of the present invention, are given by
way of illustratign angd.not of limitation, Many changes and modifications
may be made tvg ??1%ﬁseaég%glélno¥l?We°E?ﬁ%%ﬁPﬁ%gﬁB?PWHHEL?F &gyt Argd
froth the spirit 15 thereof, and the invention includes all such
modifications. BRIEE DESCRIPTION OF THE DRAWINGS A preferred
exemplary emggafﬁée?ﬁoﬁfjﬂ?é%%?ﬁmﬁﬂeﬁﬁt@é reiHes doepimiineyiQg
dréwidfégtindihich like reference numerals represent like parts throughout,
20 and in which: Figure 1 is a schematic block diagram of an atomic force
microscope |3B8RERL PRGAR sohqmgiin dlpsivtipachishvaticiiopatkhn twes of a
onppiad 1A o Sttt e o g PR Pl
e 0 o G i G e ko
a r?ﬁ'ng to a preferred embodiment; 10 Figure 4 is a top plan view of
one of the tre%ch C acitohs of Figures 2 and 3; Figure 5 provides

schematic illustFalion® P IREBHSHRB A FigMsE thnelds Geaetrsapaaitars of

10 Figure 2, illustrating a data scan conducted according to a preferred embodiment;

15

20

25

Figure 8 provides schematic illustrations of the profiles of the trench
capacitors resulting from the data scan of Figure 7,

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.

DETAILED 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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5 Figure 6 provides schematic illustrations of the profiles of the trench
capacitors resulting from the survey scan shown in Figure 3 namely along
survey scan lines S 1 and S3, and illustrating the addition of the profiles
associated with scan lines S| and S3; Figure 7 is a schematic top plan
view of the field of trench capacitors of 10 Figure 2, illustrating a data
scan conducted according to a preferred embodiment; Figure 8 provides
schematic illustrations of the profiles of the trench capacitors resulting
from the data scan of Figure 7, Figur?19 is a flow diagram illustrating the
method steps of a preferred embodiment; and 15 Figure 10 is a

s%mgg&tgao ey of t n according to,a preferred

embodiment, au%%%eg’?g\fw aas?f1)i31e1%(;’t(ﬁr§t|orgltfecft{:'i1 s%gﬁablﬁqeﬂgiéaﬁlp% foatures that

DESE RIS IReMYOR the-srme kv peiphhptoneb oo liwitedtherele, trefecsed

SEM. pareular measir et o neicee e L A R A

2 rti rly.measurements of fields of fegtures/devices o

S e e e T iy By R P, the

prefaisadudsrbdBRfknts are able to conduct a preliminary survey scan of
n lines or profiles, the scan profiles having a

the field with &znl two. s , _

user-selected f@ﬁ/‘é‘ﬁf%l R B Rt Ayl dfiachd g st faife g 2
i rmmwvndgcgampfe“)thtmg ﬁpmedrﬂmbmm Hecananfielldass 3bseapamalRiibfefures
Ser ALl GRORIAASDAISHS QL ADANIAY SLAESSHIERSNS glone or

more properties of a surface in a'localized area. Usually a scan iaorofile
cHFURRIHTY shipsechpsihatioraninRigorseriaatiss i afShegleviseanrdine,
tiiépisedineanio ahgastbadesidic postionctidesaynaitAnseal aiafilsraan,
hQe: Y gr e, Such 11..profiles can he .
arranggéﬁgrr%%%fa?glge% tag: %?gﬁs%g? a fa?éé%iﬂt?m lrnglruggsnﬁe S HEERPESO

tREFARAWND L hBRREET ) ehrdinscahionssihenanioatiy tncbgHenist iaiftcid of

trengtaththeprésieicdrehiicriesrrndss the sahanelits wiensnsasyiing
%9%%%&36@@9 !)%ﬁep r%\ési/ Jx%%%‘ari?s of capacitors that are offset from
adjacent rows. Notably, the region of the semiconductor chip 50 shown in Figure 2
includes features having a pitch in the “X” direction, identified as X; po, Which is the
distance in theX” direction in which the pattern of the features repeats itself. Similarly,
the field defines a pitch in the “Y” direction, ¥pp, being the distance in the Y direction
between successive rows of features 56 of the arfay that are a'ligﬁed in common columns
62. The X and Y pitch values, Xz;o and Ypo, are typically known, either from the design
of the wafer 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, és
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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dimensions that are in line with the International Technology Roadmap for
5 Semiconductors (ITRS). Turning initially to Figure 2, a sample 50
including a substrate 52 (e.g., a semiconductor wafer) having formed
thereon a feature field 54 of semiconductor features or devices 56, such
as DRAM trench capacitors, is shown. When fabricating a semiconductor
chip such as that shown in Figure 2, a series of rows of the devices are 10
disposed in a two-dimensional periodic array to efficiently utilize the real
estate of the semiconductor substrate 52. Typically, each row 58 (LO-L3)
includes repeating pairs 60 of capackbrs 56, the pairs 60 of adjacent rows
offset so that the device pairs 60 of every other row define columns

bein : vice, C
OISR £ Ie i rEelio i ot vatawiéall meslrbeHivorith

eves\o Oitieailipivaiinslngedaiea dhfcappiteits that are offset from 15 adjacent
rows. Notably, the region of the semiconductor chip 50 shown in Figure 2
includes featdfdbitiggng BpEMimusdir bebpsotichtol degwiicb aMpip, 19
Whighris Yaed chisisiose. iwihe s dinekinnd ndlichibe ResR A Héerg of the
fe%tgrqﬂ ea%.l\l/fself Stm}lglarl , 1the field defines a pitch in the "Y"
rection, Ypo, elr?antfﬁ%s(f etﬁ?é%ﬁﬁe{ﬁévvcﬂﬁ%%ﬁér‘ts BRIt Adtierasyfhe
réwistiest feldidhes tb§¢@b4ﬁ@ar5éy1¢bfkﬁabe lligatdsinccaipradipelumns 20
G2apbhighiy a6 A6IRISANYAIUE Packie® Rid X&%@%@%&%ﬂ%@j@m?&%@%m

from the design fof the wafer itself or, for examaap y conducting a
pralimnaRHigh FRRER ATARAgENE Delng maesHedah hptaSifrat PesisioTor another
Jhroysboti dieisukmovemdat. hBroentihe inaatienféelof wionfigisatipnza b e gaimale.
JRIRLARea LR istig,Of ' 4 of trench capacitars 56 (e.g.,
-ZE)go%epth of the tre%%qﬁ%g%%&ggg%gﬁa%%ﬁv%f %gcséar?lg%tﬁtzs m%&sf igl?n%tlfzf‘g F)?
SBREEEMRECHL il meds QForsratian lonsein i ansa ey sepmats seimends
2f ihastratineriniS208and S0 Niowisty, Belpdefiahandaehe fishhighlahted that
thei e ' I ormed . using g ninety-degree scan, i.e.,
e R R e W SR PG

SE%h Br e WateromitriliEgaubeatislumelid areanto fitnd 53, while no
wimety diegsessniaiptrateiribe Faw Rm eandRen B ieg AR 1deaIees
skehethay in either case, the

To ensure that one of the two lines of survey data (S1 and S3) is able to
identify the field 54 of trench capacitors 56, the distance of segment S2 of the survey
scan is selected to insure that the tip interacts with at least one of the devices 56 being
measured in one of the survey scan lines. This is accomplished by setting the length of
segment S2 of the survey scan to a value Xp; to be unequal to the device pitch, Xpo, in the
X or data scan direction (Figure 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 segments S1 and S3, for example, a
distance corresponding to at least two lengths “L” of the trench capacitors, or two times
the pitch distance, ¥py. 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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12 survey scan is conducted in a direction that is at least substantially
parallel to the major axis of the elliptically shaped trench capacitors 56. In
this regard, the AFM must first be operated to engage the AFM tip 19
(Figure 1) and sample 50. When this is performed, the point 64 at which
the tip 19 of the 5 probe 14 of the AFM contacts the sample relative to
field 54 is typically unknown such that the field 54 of the capacitors 56
needs to be located, as noted previously. Importantly, the field 54 must be
located with generally absolute certainty to insure that the semiconductor
feature of interest is being measured’at a consistent position throughout

t 64 f th
hEFRRESEI RIS o L A8 JOSAiS 'ng}%egwee ﬁe{he %@2&1 e e

algorithm 10 provides relative moti gf},fgﬁlg and
sEthees Lhernltrie stetitetiven beanenmydistiedvitbtat tochproieind -

Oﬂmagt@ﬂtéﬁﬁegtﬂﬁt this e RGBS RIMRNS. NdhFIFUNEYen

sgan,. cusmon nn f%rs%'oottv%b the refer ed mode of operation is the
oscﬂf%ﬁmg probe deep trenen o Ty rhéHa. Wﬁ’e‘ﬁoﬁﬁ%"ﬁé iPre Lges ray be
degeA ghervedsbevesr mefm, survey data is acquired during substantially
parallel segments Si and S3, while no 15 survey data is taken during the

step portion JMTESEHA %ﬁ‘ﬁSaﬁ?&?‘F&%@ﬁéFﬁm&h&%h%@drﬁ&@@
Tdisemseite theatghhef ticthejnaxirfas of thel ww;ekitﬁs(ﬁpkcamx&ag 35.akleto

depilydiodiel A4 AlandAARAEI BB IR stANGE pLEcRmEn 82,01

the survey scan is selected to insure t att e tlp interacts wi as one

o e grel piddeniifing e otennd %Pé‘&hﬁﬁo%’@fﬁﬁ’é@tﬁﬂbf%@%ﬂn@glgﬁtﬁs
|94,&hesxmphshadsbyesﬂttlmg1&bed&ngtt‘e af a62eMRAPHBARRAISNRY $6aH) tO

lto de itc po, in the X or data scan
rection F%%}l%g%gﬁ]g&n?a mftaagﬁ?eyt epg?t%agé%%%ﬁ"b‘ts?ﬁ‘neéé’ﬁt
Seitesteionqlla stk greaidetin éaﬁitehdtﬁaﬂve o thigdesivioroditthe fiedphstipertion
adgmitAcNSTHRSs thaduthed N oRenw shuRractwithyat 18a5QReREARE are

R R e BB Gk it
traverse a MipiHLASANES PGS eOMEM ol A0 R JRLEXAMAlE 2
S1 and S3, illustrated in Figure 6. At this point, the survey scan is complete and the
algorithm has the necessary data to determine a data scan center. In particular, the
profiles associated with the two scan lines S1 and S3 are initially summed to provide
profile S1 + S3 shown in Figure 6. In the preferred algorithm of the present invention, a
pattern recognition tool, known as the caliper vision tool offered by Cognex Corporation
of Natiek, MA, is then employed. As understood in the art, pattern recognition could 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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distance corresponding to at least two lengths "L" of the trench capacitors,
or two times the pitch distance, Ypg. At least two lengths "U' 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 30 preferably, however, S
1 and S3 are sufficiently long (for example, four lengths "L") to 13

traverse at least two of the trenches 56 to provide a larger survey
population for subsequent data analysis. Again, this can be accomplished
without compromising throughput given that the survey scan is only two
lines, Sl and S3. Notably, although tHis discussion only refers to two (2)

Scan lines, more survey scan lines may be 5 used should the user
o GRS e e e s pSCe. Db R PereRsomaa
Cadicatitstafe eetiettpesiiiit 1f divespaidingicigeiAced thedellisticaliye shaped

trenches 56. In this regard, the "slice” at which the scan traverses the
trenches 56 iR Wﬁ‘ﬁﬂ‘?&’c’@ﬁalc%‘iﬂfé’%@ﬁl for the A4R ARG 88 center
Oiﬂd]hﬁﬂiltéﬁg:lﬂ egvijemanaiesasln as<stowFiguHgu &&Qyﬂscﬁh%e’i%ﬁ\m is
sg '!1 g frenc ay be at any o e of the |ocatjo s
A e B 1O S Ao B ot e

s‘&i‘ﬁ@’ﬁ’é ﬁfé?aﬁd}ﬁ?s As mdrghend elinsrphogitaaiiiicrsto Vide:hdhsamvipoint of
mlcwmmfsuareegommenc&tbe URQRC AR QEHRS LR BEReERISHR by

%%Eﬁatt thn Figu re55hovtv|ngéhatéeven though th files are dlﬁ‘erent
their centers % 4 common p%sﬁ?SWﬁﬁ“tﬁ%’%é‘Sﬁ%f iPActhERRels
Chithbagzentelding (trDTam ot &Y ibdsipnp fitesingfeaushabthe satinens
Skangs SBhdlesifaeddn Ko, ﬁbtm§1B9Jﬁ‘§n§h§|1§éJ§V?Xo§9§£1ﬁ§u‘f8W Rigte

the, algorlthm la{ s the necessary data to determine a data scan

a
cg{gtgr PO COHSTRP IR o RS ReLIaLss ARssts it it BRI 96 hies SI and
SEAIRRREIBumtiompeey idsyiovide srofitecs DE. I8 thisaases, DElgposittnbd

th@mﬁggrgﬂlﬁ{g%m%éjﬁ%s@rmt invention, a 20 pattern recognition
tool, known as the caliper vision tool offered by Cognex Corporation of

Natick, MA, iHahieg detsplugedhdbiancdersioe T hdastscpatiar be
rﬁ&ﬁﬁﬂ&p "TGHMLQ Q@‘ltéﬁf@ acqd &%@E&P&‘B@Iﬁ@ ) '216'21& R %Bap OV EIX

instead of convertin e scan data to
center or e data scan that, in this case, traverses lines L0 and 1.2 of the field 54 of

trench capacitors 56. Similar to the survey scan, the data scan traverses three segments or
data acquisition lines shown in Figure 7, D1, D2 and D3. Alsc; similar to the survey scan,
preferably no data is acquired during the step segment, segment D2. By conducting the
survey scan and subsequent pattern recognition functions as described above, scan _
segments D1 and D3, which are generally parallel, pass substantially through the centers
of the trenches contained on lines 1.0 and L2 (i.e., feature midpoint), as desired, thus

providing an indication of maximum trench depth, as discussed earlier.

Segment D2 is preferably set at least substantially equal to two times the
Y pitch, ¥po, 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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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 25 Caliper tool, in this case, processes
the data of Figure 6, namely the summation of the profiles of segments S
1 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 Fl, F2 and selects the highest score.
For instance, the profile P1 associatgd with trench capacitor Cl may yield
a score that is larger than a score 30 corresponding to profile P2

assAeitPEUR A Q GR: sﬁ@tﬁn[ﬁﬁ? EoiRRAASIONHER SEniifnum
C y{)’ﬁeé%mc“om entifies profile P | (associated with ClI), the Caliper tool

R R G o PR TBHP SERtb o dorralibbidemiged device Clin
data scan lineNdh e exksi SR b, dele IONRing,Pesie, positin for the
data scan is determining a survey scan 'cent.e?,ﬁhs own as’?g #ih ﬁairéﬁlr%/
3 PeeRIEL AfPRIiRE fos SRV eBtigRl oz il A B terterae, sapbeyn in
sEmyrés, ThadTtefaailtog bk auling iQughdne, BAINRINOHEGRBIIINBSHS!

a I t nal thereto thraugh the midpojnt of S2. With the
SEI} ?J?fﬁ%@&%%%@g%?gﬁg the ¢ é‘{%?lgggﬁ%%xﬁ e%géé{?PB?eoa% fHd
b Ve hetdhe detm scatsrv B sompehrsinesis, tio-Aifsoimven sap sleitonis Baufes
pdie @ﬁa ﬁ%ﬁ@ WﬁaWﬁth@c&Q&Z@f‘ﬂ? ;f-éﬁ@z@a W%tﬁ?%&@’fagfel Qi@%ﬂ@Q)Notably,
passing thro center positia extends. The resultant data scan
cg’i%éaﬁgﬁéfﬁig%%‘é%ﬁﬁ%ﬁ .§a%%%a B AFRETUIR P bpeR e P
corresigpieriptilittie Motatirarkonaisheistio withs i ahepudestribel as
Xiapyeis R B foastianRipNides- i Hala SR GRMAL BGnd Biilis Sase rRC

'Sirf%r%iictéogﬁed inesggaqll(i;n% LI jllustra ec(JI1 itn Figures 2 and 3. Having

determined the data sEaF e amdra e i gmined when s Bisrsslentfbimed.

TRAwRRICHS Hia ey eyscandneludinpscantize.DC is along line LI and provides

a center for l}_he data sc 'rétg]a , in this case, traverses lines LO and L2 of
B,

the field 54 of 'HBRERS agamiilpsirpiing Lamrsiraed Alepsdhade
séesarived /iy deigitltboues ddtrshndipandistapde opeisiiiagetindth shewi tietigtse
7pr933—m@§gélﬁ§1%oéé% mg’f{ngagt&?eﬁfg&ﬁg tﬁgipm:ess of relatively
positioning the probe and sample to perform a subsequent AFM measurement without
damaging either the probe or sample), algorithm 90 performs a survey scan in Block 94.
"Preferably, the survey scan, as noted previously, is a two-line survey scan that efficiently
locates the field of features on the sample of interest by making sure the “step” segment
(S2 in Figure 3) is a ffaction/multiple of the pitch, Xpo. Next, in Block 96, the survey
scan data is processed. Preferably, a pattern fecognition function, 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
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preferably no data is acquired during the step segment, segment D2. By
conducting the 20 survey scan and subsequent pattern recognition
functions as described above, scan segments DI and D3, which are
generally parallel, pass substantially through the centers of the trenches
contained on lines LO and L2 (i.e., feature midpoint), as desired, thus
providing an indication of maximum trench depth, as discussed earlier.
Segment D2 is preferably set at least substantially equal to two times the
25Y pitch, Ypo, shown in Figure 2. By setting D2 to this distance,
corresponding aligned rows 58 (as ééposed to the rows offset therefrom)
OFE) érench capacitors 56, namelyLO and L2, are traversed and imaged b

&, oy
Blockl WAL thangiian & etstmisg abrsactshstis Afike fraple At el ChREYIEISER
pdofitesiash ovBioeck Figurs Babhy dier pilotiechlarazage aPotk Ysfitéeataigingan
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o G SR T TS
B NEIPHE IREICH S RYAX IS iRPT GEhAe disrapted RrSvieuratiOAcethe
naggstinvdre seRglep] ansneadily darfitiesodiaiably dwbilsthaskyvey scan

is a ninety degree scan, the data scan may be conducted according to a

conventional With-@mabesulsedrikevi PG aad sethedabeprefoncd estpibimeots 2,
:;aaml e @kié%ae_rrgpwb@ BB SEREY &%é@ﬁ%rﬁ%ﬁhé%@ﬁfeﬁ@iﬂ@ﬁd(ﬁgjy "
.traversed with one.sc¢an line to provide an indicatio maximum dep
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Heapehigepth chaderiistuldel ke tienigiglin feuecessiphatheytiated idepth
NEESRRMTHE RRRGHRAEMSLLNJDE: 7 LGt AR i RSIRMGEs HErRliNeY

scan center, SC, may be determined when the user selects the
gararile i EmERsE survey scan, including scan size. Figure 9 sets forth a

flow diagramgijusiiatip gr%gﬁ%%@gn@m&m@a%ular utility in the

semiconductor industry providing measurements of features/devices having dimensions

(trench depth, etc.) consistent with the current International Technology Roadmap for
Semiconductors (ITRS), such as sub-110 nm ITRS technology node trench capacitors.
With the current technique, the characteristic dimension (e.g., trench depth) has a 3-¢
dyhamic repeatability of less than about the greater of 2.0% of the characteristic
dimension and 2.0 nm, facilitated by the minimum number of required survey/data scan
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
aéquisition concerning three (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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15 described in detail above. After the tip and sample are engaged with
one another in the probe engagement Block 92 (probe engagement being
the process of relatively positioning the probe and sample to perform a
subsequent AFM measurement without damaging either the probe or
sample), algorithm 90 performs a survey scan in Block 94. 'Preferably,
the survey scan, as noted previously, is a two-line survey scan that
efficiently 20 locates the field of features on the sample of interest by
making sure the "step" segment (S2.i i Figure 3) is a fraction/multiple of
the pitch, Xpo. Next, in Block 96, the survey scan data is processed.

P Vi ) [ nction, such a8 CALIPE
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abenghtain sppreptiausiesrantdrwsenbibaded wqwem@opém@mme@ns
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feature and its co gﬁng center coordinates, as well as the survey
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centers of features C4, C5), a step DZ is performed. The step D2 remains two times the
Y pitch, ¥}, as before (Figure 7), but as soon as the D2 segment of the data scan is
traversed, trench cap.acitors C8, C9 are imaged with little dead time scanning of surface
112, i.e., without imaging space between pairs 60 of the trench capacitors 56 on the data
scan lines L0, L2 and L4 in Figure 10. In general, the efficiency is realized by
understanding that the time in which it takes to traverse a step segment 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, atmospherib conditions, étc.), and can be used to provide measurements over a

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




the field 54. Again, by passing through the centers of the devices 56, the
point of greatest trench depth can be estimated even though the features
may have variations in depth given that the measurement provided by the
preferred embodiments does not breach acceptable tolerances. 15
Overall, the preferred embodiments have particular utility in the
semiconductor industry providing measurements of features/devices
having dimensions (trench depth, etc.) consistent with the current
International Technology Roadmap for Semiconductors (ITRS), such as
sub-110 nm ITRS technology node trech capacitors. With the current
technique, the characteristic dimension (e.g., trench depth) has a 3-u 20
dipERvgc TRt EbRifrati de s thearesnbiny tntogreatds ob2:0%hofitheviating
cherpetekstictimepsiomansidQingifasiiaigddy the minimum number
of required survey/data scan 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 25 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 three (3)
‘trench capacitors, the preferred embodiments take less than one (1)
minute from probe-sample engage, and typically less than five (5)
seconds. 17 Of course, though useful in semi-applications, the present
algorithm provides these benefits in terms of throughput and repeatability
in a wide variety of AFM applications. Turning to Figure 10, a low aspect
ratio data scan may be conducted to determine a data scan center that
yields a data scan having a lower aspect ratio than the 5 aspect ratio of
the data scan shown previously (Figure 7). Such a data scan can be
employed to more efficiently for instance, with greater throughput and less
tip wear) scan a sample 110 having a surface 112. The data scan in this
case is a low aspect ratio



scan because the ratio of the width "'W" to the height "H" of the scan (i.e.,
aspect ratio) is much less than the that of the scan illustrated in Figure 7.
In particular, width W is 10 substantiaﬂy less than the height H in this case
(generally opposite to that of the scan in Figure 7). In particular, rather
whathéthggélead time" between features C5 and C6 shown in Figure 7 on
segment Df of the data scan ("dead time" referring to a portion of the
AFM data scan during which no feature is being imaged, which typically
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time can be reduced significantly, as shown in Figure 10. After initially
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(Figure 7), but as soon as the D2 segment of the data scan is traversed,
trench capacitors C8, C9 are imaged with little dead time scanning of

2. Theuttabed 20 a2, 1i, :harth o sorae)iach s aaebetyfedi ) et Uo6s afitigentrarel than

wo S%Q\Peatzsj(t:orﬁiéeg on the data scan lines LO, L2 and L4 in Figure 10. In
gen ramhe efficiency is realized by understanding that the time in which

it takes to traverse a step segment the data scan (D2 in Figure 10, in
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ss than the time It takes to traverse from C5 to C6 along, for instance,
equakieatihe PBd RS hefframigieldin Alditeciism thithpextahio dee sonesgiatindsby the
inventors of carrying out the present invention is disclosed above,
practice of the present invention is not limited thereto. For example, the
4. Theagreihrdplae dumiheceinthe datassandsdsUiPONATEY floRs avleasicuhstantially
paral RINASRBGIISRANAIEIONS, etc.), and can be used to provide measurements
over a 30 wide variety of samples. It will be manifest that various
additions, modifications and 18 rearrangements of the features of the
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scope_of the under]ying inventive concept. 19
dimenscf\o of the ratioin a J%ecgon of the scan Iinesri)s 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.

9. The method of claim 8, wherein the determining step uses pattern recognition on the data

acquired from the survey scan.
10. The method of claim 1, wherein only a single survey scan is performed prior to the data scan.

11. A method comprising: acquiring data from each of at least three trench capacitors of a trench




What is claimed is: 1. A method of acquiring data from a field of features
of a sample, the method comprising: performing a survey scan to locate
the field, wherein the survey scan locagtes the field using no more than
five survey scan lines; and performing a data scan to acquire data

capaH{QP‘%?etﬁéfﬁngtQ?CB‘ﬂﬁ S?‘ob%&ﬂ@.%s’&%@?ﬁe%fcﬁlﬁl %te\g%ﬁér]e@%h%wyﬁé/ (1) minute

scan locates the field of features using no more than two survey scan .
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in a direction orthogonal to the survey scan lines. 4. The method of claim
of lest thondheigr ?H@b‘gté%%%% pETRShRackistadA 298 asE dftantially
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
12. Thedneth8%R & airethio BEIR LR SR THAS e s atall thEPBhension of the
ratio in a direction orthogonal to the scan lines. 6. The method of claim 1,
13 IR de suvey seansperformed alonn. first gxis, apd wherein the
ata'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
' e th isition.lines. is at.least roximat .
e e T R
repeaiabilily @idewsithan thefgreatar ob i sfirh eodwpritisies divensionghd Seamarea
of the data scan from the survey scan. 9. The method of claim 8, wherein
the determining step uses pattern recognition on the data acquired from
15. Thpansthedyf stim. UowireieinibeHornef elBafitarsitetdln Bhiynd ededrenstirkappcitors.
scan is performed prior to the data scan. 11. A method comprising:
acquiring data from each of at least three trench capacitors of a trench 20
16. T'@a’ﬁ&ﬂiﬂﬁ%‘ﬁélﬂ'fﬂéih@”ﬁ%&@ﬁh?rﬂj%i‘&ﬂ% R ILEdre PeRE AR G SYspan along a
first abadiBiblass e (A9 sampltauifas; BrahR ehgagemRM seiithRNaly2838nd axis to
the EC uired data to determine a characteristic dimension of the treﬁrcépaxis
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dynamic repeatability

17. The method of claim 16, wherein a single survey scan is performed prior to the data scan.

18. The method of claim 17, further comprising determining a center of a scan area of the data scan

from the survey scan.

19. The method of claim 16, wherein the survey scan locates the field of trench capacitors using no

more than five scan lines.

20. The method of claim 19, wherein the survey scan locates the field of trench capacitors using no

more than two scan lines.

21. A method of operating a scanning probe microscope (SPM) including a probe having a cantilever,
the method comprising the steps of: engaging the probe and a sample, the sample including a field
of features having a first pitch in a direction of scanning and a second pitch in a direction ninety
degrees to the scanning direction; performing a survey scan of the sample along less than five lines

of the sample, said performing step including providing relative motion between the probe and the



of less than the greater of about 2.0% of the characteristic dimension and
2.0 nm. 12. The method of claim 11, wherein data is acquired in less than
30 seconds. 13. The method of cIairrH.Z, wherein data is acquired in less
than 5 seconds. 14. The method of claim 11, wherein the characteristic

samHHQL‘?&%QRHJHg%% o%%@%‘?ﬁ‘e@wﬁfﬂgﬂi?%&%t@Q{Wé(eﬂfaE?E'&R@ﬁﬁ‘em the less than
: 15. The

greater of 1.0% of the characteristic dimension and 1.5 nm. 15.

five linksthod 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

22. Themethapief Saitace; THrReh EFBPRRRG: Meniiy BB aF R iPAAIAB AP BRRSIE on the

survéyeas|feethe @dinensipshding seconpaxtobaingablrastrbhstantiailya line, the
orthogonal to the first axis. 17. The method of claim 16, wherein a single

featugh RIS UBLIF LSS BRETRIES PHOPLaIRE @At deaRest 808 thEthat BrErliRfeature:
perfatrhidp ettt pptisioeH datermiting aLeniksrohasdatvangated previlatarelative
movSEEL dEOMNe SUVEY Scan. 19, The method of dlaim, 16, whereld 16 oy not
Sufvey scan locates the ield Of trenc capacﬁors using no ‘more fhan fve
equaktahdifies pREh; Bhe whetkiodaid clentifylrd;, sidpanelndiiselsog weitananclerities.
the field of trench capacitors using no more than two scan lines. 21. A
method of operating a scanning probe microscope (SPM) including a
23. Theorriteghihgaintahtivbeesin thesareeh och eirpifieimgdlat rdesress wrigagitg scan.
the probe and a sample, the sample including a field of features having a
first pitch in a direction of scanning and a second pitch in a direction ninety
24. Terepirsbedief s AnhifbeareeabHpedAtIadhs BiaRe adlenust thedsample
along less than five lines of the sample, said performing step including
roviding relative motion between the probe and the 21 sample
25. Tae BetRRti 2y By SIEIRT 8 IRE el DR EQiBi iRt iaiFacB M fes
of the less than five lines. 22. The method of claim 21, further comprising:

identifyi center for a data scan based on the survey scan, the center
26. The IS0 o MNP 61 2 BB S B i PEER TS T i et

feature midpoint center generally corresponding to the deepest portion of
27. Tftlg?ng%hlgc?g; 8&%f?£‘w;’1§éein said performing steps are completed in less than 5 seconds.

28. The method of claim 26, further comprising determining a characteristic dimension of at least
one of the features, 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.
29. The method of claim 28, wherein the features are trench capacitors.

30. 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.

31. The SPM of claim 30, wherein the survey scan traverses two scan lines.



performing the data scan based on the survey scan; 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; and
wherein said identifying step includes using pattern recognition. 23. The
32. TIREAALAAGIRB, AP ESRIPHIG, SO SGANASRENATASE AL RN HRAISESthe
to the data scan. 24. The method of claim 21, further comprising
surveyseifl sl thes plstl i saaficlalipdeing tidicetveria phathderishietimarpion of at least
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method of claim 21, wherein said performing steps are completed in less
repeqfplifity Aliigeénan themreatneohabryt T8 dREIERTISIS A PEABPMIRG Sfps-
are completed in less than 5 seconds. 28. The method of claim 26, further
comprising determining a characteristic dimension of at least one of the
features, 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. 29. The method of claim 28, wherein the features
are trench capacitors. 30. 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. 31. The SPM of claim 30,
wherein the survey scan traverses two scan lines. 22 32. The SPM of
claim 30, 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 least 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.



