1 METHOD AND APPARATUS FOR MEASURING A
CHARACTERISTIC OF A SAMPLE FEATURE BACKGROUND OF THE
INVENTION Field of the Invention The present invention is directed to
probe-based instruments and, more particularly, relates to a scanning
probe microscope (SPM) based method and apparatus for facilitating
high speed measurements of a characteristic of a sample feature, such as
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Description of Related Art Several probe-based instruments monitor the
interaction between a cantilever- based probe and a sample to obtain
information concerning one or more characteristics of the sample. For
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particular region of the sample, and a corresponding map of the sample can be generated.

The atomic force microscope (AFM) is a very popular type of SPM. The probe of
the typical AFM includes a very small cantilever which is fixed to a support at its base
and which has a sharp probe tip attached to the opposite, free end. The probe tip is
brought very near to or into contact with a surface of a sample to be examined, and the
deflection of the cantilever in response to the probe 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 strain gauges, capacitance sensors, etc. The probe is scanned over a
surface using a high-resolution three axis scanner acting on the sample support and/or the
probe. The instrument is thus capable of creating relative motion between the probe and

the sample while measuring the topography, elasticity, or some other surface property of




Pat. No. 5,226,801; and Elings et al. U.S. Pat. No. 5,412,980. AFMs
maybe designed to operate in a variety of modes, including contact mode
and oscillating mode. In contact mode operation, the microscope typically
scans the tip across the surface of the sample while keeping the force of
the tip on the surface of the sample generally constant. This effect is
accomplished by moving either the sample or the probe assembly
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with increasing frequency for measuring ‘characteristics of features of
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or simple “CD” mode, distributes data acquisition along a scan profile so as to maximize
data acquisition points in areas of changing topography. The scan rate is not constant as
in TappingMode because the scanner instead adapts itself to the topography of the sample
surface. The regions between the data points therefore are not equally spaced but,
instead, are more heavily distributed over areas of the changing topo graphy. For
example, of 500 data points taken along a scan profile, 300 data points may be taken over
one-fourth of the total length of that line. As a result, the actual height is determined in

critical regions of the sample as opposed to simply determining an average height over

the entire region.




and repeatability. For example, several operational characteristics of a
semiconductor wafer are dependent upon the extreme dimensions of
features formed on or in the wafer's surface. Semiconductor device
manufacturers demand that these characteristics be known with a high
degree of precision. These characteristics include, but are not limited to
"extreme dimensions" such as the maximum widths of vias and trenches
and the minimum widths of lines. A line is a semiconductor structure
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the conductive material that will fill the via. When the sidewalls of the via are sloped,
voids and defects are more likely to occur during the fill process, causing higher
resistance along the via, if not breaking conductivity all together, thus reducing
device/chip speed. Thus, in order to develop fast, efficient ICs, knowledge of top, middle -
and bottom via widths is helpful for optimizing device, circuit and chip performance,

A semiconductor via V is shown somewhat schematically in greater detail in Fig,

1A-1C. Ttis generally in the shape of a truncated hemisphere, having a maximum depth

Duax near its center. At any given location along the depth of the via V, it will also have a




semiconductor characteristics such as a via's maximum width using an
AFM. However, these techniques have proven less than optimal. For
instance, in one approach utilized by the SXM software incorporated into
some AFMs available from Veeco Instruments Inc., a high-resolution scan

is taken over an area of the semicongductor surface containing the feature

of interest. As is typical with such scans, data is obtained by moving the
probe back and forth relative to the sample in a primary or X direction
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Figure 2A.

The technique described above is relatively time consuming because it requires 2
high-resolution scan. It also leads to relatively rapid tip wear — an important
consideration where AFM tips are employed that may cost $1,000 or more. Perhaps
somewhat counterintuitively, the repeatability is also relatively poor even at high-
resolution. The reasons for this characteristic can be appreciated with reference to Figure

2B. That figure shows a portion of a sidewall edge of the via V of Figure 2A that

includes the point Pacr at which the line Liyax acrt of greatest maximum length actually




to maximize throughput, the repeatability of the resulting measurement is
extremely poor. In addition, noise in the measurement resulting from
 scanner hysteresis and other factors may result in the acquisition of data

on an apparent surface SApP that deviates from the actual surface

SACT, resulting in the determination gf an apparent end point PAPP of the
line LMAX APP that is offset from the actual point PACT on the actual
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In accordance with a first aspect of the invention, tt}l*le above-identified
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modeled by a fixed polynomial order. It also assumes that both edges of the via are of
symmetrically identical shape — an assumption that often is inaccurate. The interpolation
procedure utilized by this technique also varies with the scans and, accordingly, does not
have good repeatability.

In light of the foregoing, the need exists to measure a characteristic of a feature of
a sample, such as a maximum or minimum width, rapidly and with high levels of

repeatability and accuracy.




preferably is relatively low-resolution, including as few as 4 and typically
about 15-30 scan profiles in the X direction per | um the Y direction. For a
typical semiconductor feature having a height in the 150 to 300 run range,
the scan produces about 8 to 12 scan profiles passing through the
feature. The resultant low-resolution gcan can be performed relatively
rapidly, potentially doubling the sample throughput when compared to the
prior art utilizing high-resolution scans. It also significantly reduces tip
wear when compared toHAEMAS aBALELRS/ R Ut
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present invention; Figures 2A and 2B schematically illustrate the
scannin gT By cEves 2re i by R rad order polynomial curves fit by a weighted least

squares regression technique. However, other polynomial functions and/or other curve

fitting techniques could be employed depending, e.g., on designer preference and the
characteristics of the feature being measured.

In accordance with another aspect of the invention, an AFM configured to
perform the process described above is provided.

These and other features and advantages of the invention will 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 illustration and not of limitation. Many changes and modifications may be made
within the scope of the present invention without departing from the spirit thereof, and

the invention includes all such modifications.




of a sample in accordance with a prior art technique, appropriately labeled
"PRIOR ART'"; Figures 3A-3D schematically illustrates a procedure for
determining a characteristic dimension of a sample feature in accordance
with a preferred embodiment of the invention; Figure 4 schematically
illustrates a technique for measuring fine roughness in accordance with a
preferred embodiment of the present invention; and Figure 5
schematically |Ilustrates an AFM conﬂured to |mlement the procedure
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As discussed briefly in the Summary section above, a procedure performed in

accordance with the first preferred embodiment of the invention involves taking an SEM

scan of a portion of a sample surface containing a feature of interest, determining the
location of at least one edge of the sample feature, and then fitting a curve to determine
the location of that edge. The feature may be any change in topography or other
mechanical property of the sample surface. A single curve can provide useful
information concerning a characteristic feature, such as line edge roughness. If two
curves are fit through determined locations on opposed edges of the feature, the
maximum and/or minimum distances (known as “extreme distances™) between those
curves can be ascertained to obtain a precise measurement of a characteristic dimension

such as maximum via width or minimum line width, When edge locations are




height of the feature being scanned. For instance, it may be 1 micron high
or even considerably higher. The scan density is also user defined and
tends to increase with decreased feature height in order to assure that at
least 4, and preferably about 8-12, scan profiles cross the feature of
interest. 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 consjsts of a series of measurements performed along a single
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the feature are identified in a common r% erence location.
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absolute perce taF%e offset from the top or bottom of the sample. It also
e

cOUrd 1aKe TAERSHEEFE S18hE IRALRGTFEENG" fRafaree 15 Z plane is
selectedmsrthetoaferdnce lboatghpnitigl Seleatethbynsels aliogreferred scan density
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a 300-600 nm scan through a feature having a height of, e.g., 150 - 300 nm, the scan
density is preferably about 15-30 scan profiles per micron, resulting in the desired 8-12
scan profiles passing through the feature. Prior techniques, on the other hand, typically
had a scan density of about 35-60 scan profiles per micron on the same sized scan,
typically resulting 16-32 scan profiles passing through the feature. Throughput therefore
is roughly doubled low-resolution

Data is preferably collected in the so-called “CD" mode which, as discussed
above, concentrates the data points in areas of changing topography, in this case the

opposite sidewalls W and W of the via V. Everything else being equal, at least about

twice as many samples can be measured per hour using a scan having low-resolution in




via V or above the bottom B of the via V. Both of these locations are
known as a result of the scan operation. It should be emphasized that the
magnitude of the height H is somewhat arbitrary and may be user
defined, The process may be repeated at more than one height H.

Indeed, the process could be repeated for any desired number of heights
to ascertain a range of minimum or maximum distances at various
locations along the via V. For instance, the procedure could be performed
ath ttippctiviodie semphtsdtedh enionsidtothaigigs\vhes ieavile Fesureohtion
t@rcedg levels over the depth of the via, yet still maintain the throughput

advahta;&s of the preferred embodiments, Once the,ed%e goints Pi-Ps on,
each sidines theduaisrellseirdelaslostt wnberanned RodYa e ROREORP S

isfiLdhigual eashief theuroirismatilivstiatedimbigtuteraddtotatiart Ae‘edge”

changes in the corresponding edges Ei.and E2. . The curves C1 and
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para Gia rather than a circle due to the manner in which the probe tip
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suitable, but by no means the only possible curving fitting technjgue, is.,.

RO e TGS SLK D P L S R R e %?é%%‘é&"“f"“ ot
leastsavaressefRakite: hehasiaseldbecrahe dente bits ivizheshstd erabatadnthe
can be used with functigns that are either linear or nonlinear in the

p é)r’il%}% %?Wfﬁaﬁss Pe%ﬁﬁfc?tt%er,r eeglt?gor?gﬁ%rggsative constants, or weights,
associat@ncwitie edgspdiata Pefatarestheitpof e deaius &Ry AFitsl6Rd 2
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the changes in the corresponding edges E; and Ep. The cirves Cl a wi ea

polynomial form. In the case of a via mapped by an AFM, each curve will take the form
of a parabola rather than a circle. This is because an AFM tip scanning a circular feature
makes an ellipse or parabola rather than a circle due to the manner in which the probe tip
tracks the surface during a scan operation.

It is assumed at this point that the curves C1 and C2 each have an axis that is
aligned to the scan direction or parallel to the X axis in the figures. This assumption
permits the curve to be fit using only Y as a variable. If that assumption proves not to be

~ correct, each curve could be fit with a full two-dimensional quadratic form. The resulting
process is more complex than the one described above, but within the capabilities of

" those familiar with curve fitting techniques.




criterion to find the parameter estimates allows the weights to determine
the contribution of each observation to the final parameter estimates. The
weight for each observation is given relative to the weights of the other
observations. Different sets of absolute weights therefore can have
identical effects. The curve fitting opgyation will derive two parabolic
equations CI, and C2x having the following formula: C1(X) = aIY2+bIY+p1
EquatlonICZ =a2Y 2+ bl X+ ¢ | Equation 2 The, dista ceD
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the derivative of this equation will’lbe zero. Hence:
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straight tine. In the illustrated hypothetical example, they are straight as

SROWA oW iRehame gkt of f@ag r pRRGERGHY- Pétfeechi dabigtatraiameishts
idbateshrapen Ha‘trhed&hiﬁﬁ‘aéﬁécaxample they are curved or rlppled It is
desirab o kno e magnitud fthes deV|a ons. Th| |tud n

be detebr?mme Vyﬁ% Fe‘?:‘%ﬁ?gl afglﬂgm s at a ar icd arqnelgqhtS a (‘Sngdftg”ceerl
ebgansfthd idowing fiewmyla curve to those points using the curve fitting
procedure described above or any other suitable curve fitting procedure.
That curve may take the form of a parabola as described above or may

take the OIr(0 &T » highéorderppdiynomal. Once the curve is ﬁ&ulmgnegge

roughness can be measured by characterizing deviations of the. actual
line edge from the fit curve.

C2(X)=a2Y?+blX +cl Equation 2

The distance D(X) between the two curves in any location along the Y direction

of the via may be expressed as:
D(X)=C2(X)-CUX)=(a2—al)V* +(b2~b1)Y +(c2—cl) Equation 3

At a maximum or minimum distance between the two curves, the derivative of

this equation will be zero. Hence:

DY(X)=2Y(a2~al)Y + (b2 —b1) =0 Equation 4




In addition to being relatively fast, the technique described above is
relatively insensitive to noise and, accordingly, highly repeatable because
the curve fitting process tends to act as a filter to the acquired data. In
fact, the characteristic dimension can be determined with three-a dynamic
repeatability of less than about 2 nm i most instances. That repeatability
is much less sensitive to scan density than with the SXM and IBM
methods described above. Actual repeatability from 3 different data sets is
reflected T4 Hie T?W%mwdfhe%%bﬂmfﬁé T6p Width Middle
Width Bottom Width Data set 1 SXM method 2.76 0.81 0.83 IBM method
3.141.06 0.76 Via 1.300.76 0.62 Data set 2 SXM method 2.90 2.48 1.88
IBM method 13730136068 X a0 13 12/ (Bardbt Bagxtigdethod
5.13 3.55 3.57 Via 2.41 2,37 1.94 An AFM that is capable of
implemi,?ting the techniques described above is illustrated in Figure 5.
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dendgBljintitsgi@inad least a probe 12 having a cantilever 14 and a tip 16
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under control of an AFM control station 20 to the dlrl\I/_e 16to oscillate =
proBETBE S dfispry teprrascdsdnetioh & pRurihadlceredbhmatisiicabline L
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It is desirable to know the magnitude of these deviations.

This magnitude can be determined by collecting data points at a particular height
along the edge of a line, and fitting a curve to those points using the curve fitting
procedure described above or any other suitable curve fitting procedure. That curve may
take the form of a parabola as described above or may take the form of a higher order |
polynomial. Once the curve is fit, line edge roughness can be measured by characterizing
deviations of the actual line edge from the fit curve.

In addition to being relatively fast, the technique described above is relatively
insensitive to noise and, accordingly, highly repeatable because the curve fitting process
tends to act as a filter to the acquired data. In fact, the characteristic dimension can be
determined with three-o dynamic repeatability of less than about 2 nm in most instances.
That repeatability is much less sensitive to scan density than with the SXM and IBM
methods described above. Actual repeatability from 3 different data sets is reflected in
Table 1:




The control station may use a typical desktop computer, a laptop

computer, an industrial computer and/or one or more embedded

processors. Probe 12 can also be actuated to move toward and away

from sample 22 using a suitable actuator or scanner 24 controlled via

feedback by control station 20. The nscillating drive 16 may be coupled to

the scanner 24 and probe 12 but may be formed 13 integrally with the

cantilever 14 of probe 12 as part of a self-agiuated cantilever/probe.

Moreover, though the actuRHek: i RepeiAPHIY to the probe, the

actuator 24 or a pdftip Wilmaybe enpigyait Widve samplatdi Widitlee

( rect as-an-X—Y-Z-actuptor—in-operation,as-the-probe 12—

s oscillated and br ifiblcontact with sample 22, sample
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i four quadrant Hci6detector. As th@.Beam translates aBr@ss the

[ i ﬁi%.a}f?rg tramrsmtted 10 wnmﬁ_ St O 20 Which
ermine changes in the oscillation of probe 12.

processes the signdls flo (f(g
CoXivbinstatidn 20 tfkllly generates cpAt8l signals to maintdif a
CORRIEN &iﬁge betvigegy the tip 16 and {gggample, typically josgraintain a
setpoint characterisfic of the oscillation/ of probe 12. For e» ,

sthitton 20 is often upéd% maintain the d<Bilation amplitudetatta setpoint
\ , RS, eragy constanf force between the tip 16 and the

i reqauenc\mav.be tused--A
a setpaint phase prfrequency-may

WvoRMagom also frodRied that receivasae collected datd 1o the
canirol station 20 ahhg qpanipulates the dagy obtained duringis®anning to

f ctioh~cure-fiting—and-distanee-determining
operations described above. That workstation may be the control station

20 itselfaa s@parBieiotapaAcd CRITalientinsshp ardteipiédibacdbedalbrokds,
ot.any combination.of the three. | %Pe' workstation is formed from.a, 1. 2o

c lﬁ%ﬁ%ﬁt@fégﬂ %}Igf‘v{/%%rtﬁ%%@h follers. ?Irwoéjye ga?gellgrelgrabgétconnegte% to
offbcamotiaigviesgndbyd bantiisdsigporbrid HheBnser rartiermddrar atith bgumted
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invention is disclosed above, practice of the present inyention is n(t)t ear the
lifted eI O iHe Yers e hRIoDE A 6% S THE GRS St
reRpRNORREMS B dhateattsasnailihenpleseniinsigmilanapdied oneaeAC

W&gg?ﬂtsg&r\é?{@ %J&ggggt%o?gg gnam%ggt%o?fsg&%n 20 to the drive 16 to oscillate

probe 12, preferably at a free oscillation amplitude A,. Control station 20 typically

consists of at least one computer and associated electronics and software that perform the
tasks of data acquisition and control of the AFM. The control station 20 may consist of a
single integrated unit, or may consist of a distributed array of electronics and software.
The control station may use a typical desktop computer, a laptop computer, an industrial

computer and/or one or more embedded processors.

Probe 12 can also be actuated to move toward and away from sample 22 using a
suitable actuator or scanner 24 controlled via feedback by control station 20. The

oscillating drive 16 may be coupled to the scanner 24 and probe 12 but may be formed




underlying inventive concept. The scope of still other changes to the
described embodiments that fall within the present invention but that are
not specifically discussed above will become apparent from the appended
claims and other attaclurients. 14 We claim: 1. A method of measuring a
characteristic of a sample feature, thB method comprising: (A) acquiring a
plurality of scanning probe microscope (SPM) scan profiles of at least a
portion of the sample (B) determining_ the location of at lea g
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oﬁf’tli’eamtatand second edges; and further comprising, determining an
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claim 1 IWﬁ@‘r‘@FFPHﬂésIM%@R%&%W@FR@P&Q&%EW&%&@@§%GW§
con) rm@euiaa@a&aétych @ﬁtzsma&ntam by.dehetimethacgef tlakimodcitidtoreof

the characte |stc Cco es a legs of a i , :
RETA ARG EOMo AT QURBPRHG SUEed R e i o 12

ommemumunmmﬂh mﬂtmtge@ﬁ,, awch asraifoim ammtmiésﬂﬁ@t?ﬁﬁ@ AS
4afs Dasihagh &Leaac%’{érlﬂead&@@t@%ﬁ; ISiG AL & SAmRle RALKRIHS Fgthnd

comprising: (A) acquiring a plurality of scanning probe microscope (
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combination of two or more controllers, they are preferably connected to one another,
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e.g., by hardwiring or via an Ethernet connection.

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. It
will be manifest that various additions, modifications and rearrangements of the features
of the present invention may be made without deviating from the spirit and scope of the
underlying inventive concept. The scope of still other changes to the described
embodiments that fall within the present invention but that are not specifically discussed

above will become apparent from the appended claims and other attachments.




acquiring step produces scan profiles that extend in an X direction and
that are spaced in a Y direction that is perpendicular to the X direction,
and where the acquiring step has a scan density of no more than 30 scan
profiles per m in the Y direction. 7. The method of claim 6, wherein the
acquiring step has a scandensity of ngmore than-8 scan profiles per m in
the Y direction. 8. A method of measuring a characteristic of a sample
Jeature, the method comprising: (A) acquiring a plurality of scanning
probe microscope (SPM) scan profiles of at least a portion of the sample;
1(B) detesmipineathedpcatinmatalieastans Sdaaeta featwadf tbprising:
(3R lesite) fitingis evseniirgyetbhgideiRupinsaNocatiapefitbef£dgrast a
potneredn e agatliBgdieRiakesmospaieiban laseas aigdilgs edandiighe
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dstefmisipestesroadpnsasadiisaidinpaositivnmadesohaRbt dmbgipes dfGhdfeature,
andathdilibiznepsotipgi&chaigciesisiicl st sanpleSeatig tednethodd
leatpesinge (A aadvsdogiadieyadiy titeanoingipig)ddaricioscgpe (SRM
detanqyefitesnahatisastdsqondamoetthe sample; (B) determining the
location of at least one edge of a feature of the sample; (C) fitting a curve
2tfiteugttlibé dfetarmihedhioeatibn lof thencelybs Wisersihstivendrelfesdre in a
cprotucedsneasiydmentstaliphagethree sigma repeatability of less than
about 2.0 nm. 11. The method of claim 10, wherein the method produces
3 ribasmatbaderftslaiithl awheeen shgrsranpdp ebacasilitysoé kesspiizes aldeist U8 oA
viaa gepnant ediserapdiSimgeteramnimnnggleiaiistaneableaiians fifstrapdmum
wighbof the vryestiexthronghddcafibscun firdteaniisaspd Elgédetiateature
of a sample, the locations being determined by acquiring a plurality of
4. gharitheg protseswionachpedSPI Ycasrmidfisiurnbrerrthrd erEnppas:
(AarecaeEsmméeraipeirorming arebamisavirrpa EMbsrsisebies Hotilsest 2
parisnafidhsdample; XEidstsrannpmiiniecitivn af stifidensitdastofs faaanate
sagyple dan) tEtaacpaicsioreh thedpssmncgdnseirnalidicsigse Weiriction,
sugfgcerfsatuie thBREST Adh 2 28Ry A RS Seaim 3adfwther HhRH) b garface
fepfrdsAne thedarationldhardepin s desitbe fipna temepiapRses fitting a
cugtniyRumhgha s rtlasnand BIEhes COBRYBE ASFEPEHREISOTIE SRR RS bY
charpeiggRns daitoBh A b dH ¢ wue Sinnegdsbincedttire of a sample, the
locations being determined by acquiring a plurality of scanninghprobe .

5. P;haragg&gé)fg W%C\ﬁ]ﬁe f&urve fitting the polynomial equation’has a major

axis that 1s at least substantially parallel with the scan profiles.

6. A method of measuring a characteristic of a sample feature, the method comprising:
(A) acquiring a plurality of scanning probe microscope (SPM) scan profiles of at least a
portion of the sample; (B) determining the location of at least one edge of a feature of the
sample; (C) fitting a curve through the determined location of the edge, wherein the
acquiring step produces scan profiles that extend in an X direction and that are spaced in
a Y direction that is perpendicular to the X direction, and where the acquiring step has a
scan density of no more than 30 scan profiles per pm in the Y direction.

7. The method of claim 6, -wherein the acquiring step-has a scan density of no-more than-8 .. .. ... ..

scan profiles per um in the Y direction.

8. A method of measuring a characteristic of a sample feature, the method comprising:
(A) acquiring a plurality of scanning probe microscope (SPM) scan profiles of at least a
portion of the sample; (B) determining the location of at least one edge of a feature of the
sample; (C) fitting a curve through the determined location of the edge, wherein the
acquiring step takes no more than 12 scan profiles extending through the feature.




wherein the locations are determined by performing a scan having no
more than 12 scan profiles passing through the feature of interest. 15. A
method comprising: determining a distance between first and second
curves fit through locations on first and second edges of a feature of a
sample, the locations being determiggd by acquiring a plurality of
scanning probe microscope (SPM) scan profiles, wherein the method
produces measurements with a three sigma repeatability of less than
9 aﬁ'] %gﬂ(x) c:kghﬁa‘l %%hg fe@@a%?%ﬁg gtgg 5%5%{ %l‘flql Oafelaal O(fqn% 1on
tgf% gém% uctor meas y scanhing probe microscopy, t
eature compri one of a via, a line, and a trench, the method
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ndgcations of the first and second edges by fitting data from the acquired
scan profiles to a polynomial equation; and (D) measuring the
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derivative of each of the polynomial 16 equations is substantially zero. 17.
12A s canhddg egivkiny cdescape (S P iiytanoatptisieg: f{A) anprebenthabrses fit
thsaghriechrelative fitctasbspied @ enoSP Maton b h stabisle, tthatlveadons being
dettataifroirhytlhequiobg apldtiay, of eeouing p@iumalitysafps PARIEG avapnofiiiks,
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scaipes filtiarainithe echtobstiatinegendintinety [heaXichredidivst and second
edges of the feature, fits first and second curves through the determined
13oEkgimethod wiclfimst lZn v bactntiesigadias addatdensiticelae earethan 15 scan
prefidesies iatden YHdiresioand second curves. 18. The SPM of claim 17
wherein the SPM is an automatic force microscope (AFM). 19. The SPM
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wherein the locations are determined by performing a scan having no more than 12 scan
profiles passing through the feature of interest.

15. A method comprising: determining a distance between first and second curves fit
through locations on first and second edges of a feature of a sample, the locations being
determined by acquiring a plurality of scanning probe microscope (SPM) scan profiles,
wherein the method produces measurements with a three sigma repeatability of less than
about 2.0 nm.

16. A method of measuring a characteristic dimension of a feature of a semiconductor
measured by scanning probe microscopy, the feature comprising one of a via, a line, and
a trench, the method comprising: (A) acquiring a plurality of scanning probe microscope
(SPM) scan profiles of a portion of a surface of the semiconductor containing the features
of interest, wherein no more than 12 scan profiles pass through the feature; (B)
determining locations of first and second edges of the feature; (C) fitting first and second
curves through the determined locations of the first and second edges by fitting data from
the acquired scan profiles to a polynomial equation; and (D) measuring the characteristic
dimension by determining an extreme distance between the first and second curves by
determining locations on the curves at which a derivative of each of the polynomial




21. A scanning probe microscope (SPM), comprising: (A) a probe that is
scanned relative to a sample; (B) an SPM control station that receives
data from the probe and that; i. acquires a plurality of SPM scan profiles of
the sample; ii. determines the location of at least one edge of a feature of
the sample, and iv. fits a curve througlg the determined location of the
edge wherein the SPM acquires data at a scan density of no more than
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cdirension. 26. The SPM of claim 17 wherein the SPM control station at

least one of stores and displaying information concerning a characteristic
1 Dfthesranptelieaturesfierein the SPM is an automatic force microscope (AFM).

19. The SPM of claim 17 wherein the control station fits data from the acquired scan
profiles to a polynomial equation.

20. The SPM of claim 19, wherein the polynomial equation has the following form:
C1(X)=alY*+blY+cl.

21. A scanning probe microscope (SPM), comprising: (A) a probe that is scanned relative
to a sample; (B) an SPM control station that receives data from the probe and that;

1. acquires a plurality of SPM scan profiles of the sample;

ii. determines the location of at least one edge of a feature of the sample, and

1v. fits a curve through the determined location of the edge, wherein the SPM acquires
data at a scan density of no more than 30 scan profiles in an X direction per pmina'Y
direction that is perpendicular to the X direction.

22. The SPM of claim 17 wherein the SPM acquires data in critical dimension mode.

23. The method of claim 12 further comprising measuring an extreme dimension of a
sample surface feature.

24. The method of claim 23, wherein the extreme dimension comprises at least one of
wherein the sample includes at least one of a maximum width of a via, a maximum width

of a gap, and a minimum width of a line.

25. The method of claim 23, further comprising at least one of storing and displaying
information concerning the extreme dimension.

26. The SPM of claim 17 wherein the SPM control station at least one of stores and
displaying information concerning a characteristic of the sample feature.




