
Facts and artifacts in near-field optical microscopy
B. Hecht,a) H. Bielefeldt, Y. Inouye,b) and D. W. Pohlc)
IBM Research Division, Zurich Research Laboratory, CH-8803 Ru¨schlikon, Switzerland

L. Novotny
Pacific Northwest National Laboratory, P.O. Box 999, Mail Stop K2-14, Richland, Washington 99352

~Received 8 October 1996; accepted for publication 18 November 1996!

Near-field optical ~NFO! microscopes with an auxiliary gap width regulation~shear force,
tunneling! may produce images that represent the path of the probe rather than optical properties of
the sample. Experimental and theoretical evidence leads us to the conclusion that many NFO results
reported in the past might have been affected or even dominated by the resulting artifact. The
specifications derived from such results for the different types of NFO microscopes used therefore
warrant reexamination. We show that the resolving power of aperture NFO microscopes, 30–50 nm,
is of genuine NFO origin but can be heavily obscured by the artifact. ©1997 American Institute
of Physics.@S0021-8979~97!00305-8#
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I. INTRODUCTION

Scanning near-field optical~NFO! microscopy has be
come a field of considerable activity in recent years.1,2 In the
present article, we draw attention to an artifact that f
quently occurs in NFO imaging and that can lead to seri
image misinterpretations. Estimates of resolving pow
based on such images can be extremely misleading.

NFO microscopes are usually operated with an auxili
~‘‘non-NFO’’ ! gap-width-sensing mechanism such as the
set of electrical~tunneling!3,4 or mechanical~friction or nor-
mal force!5–7 contact. These mechanisms allow the probe
be moved along the sample surface reliably at very sm
distances. In addition to NFO images, such microscopes
multaneously provide topographic images, which greatly
cilitate the identification of recorded object features.

Widely overlooked, however, is the fact that the moti
of the tip normal to the sample surface~‘‘ z motion’’! caused
by the gap-width control can and usuallydoesgive rise to
undesired crosstalk in the NFO images. This was noti
some time ago already8–11 but unfortunately mentioned onl
in passing.

The z-motion artifact generates features in the opti
image that are highly correlated with the structures in
topographic image. Thus the presence of this artifact is
obvious because the sample topography is part of its op
structure. It is expected to be made visible in the NFO m
croscope, as it is in a conventional microscope. Thus an
tical image showing only topographic features can be a ge
ine NFO picture as well as a purez-motion artifact image, or
a superposition of both.

We began to suspect the possible existence of se
artifacts in NFO imaging when noticing that a one-to-o
correspondence frequently existed in the structures reco
in NFO and in topographic images. In particular, the sa
resolution was seen in both images.12 Why should NFO and

a!Present address: ETH Zu¨rich, Institut für physikalische Chemie, CH–809
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auxiliary interaction mechanisms, in spite of their differe
physical origin, result in identical resolving power? Furthe
more, the apertures inspected with a scanning electron
croscope~SEM! were quite often too large for the ‘‘NFO’’
resolution observed.

A survey of the NFO literature revealed the same o
to-one correspondence in many published images. Thi
particularly true for images that show very small featur
Such images are frequently used as a proof of the achie
resolution capability. In Ref. 1, for instance, about 50%
the NFO/topographical image pairs show such a high co
lation and have the same resolution.

This is alarming news.At worst, it means that
~i! many ‘‘NFO’’ images may demonstrate NFO

mediated recording of the probez-motion rather than optica
superresolution;

~ii ! the worldwide NFO development efforts have be
misguided by this overlooked effect; and

~iii ! the various forms of NFO microscopy should b
reexamined regarding their superresolution capability.

The experimental evidence we collected unfortunat
supports this pessimistic view. We will demonstrate th
NFO images can be completely dominated by nonopt
features, that the origin of thez-motion artifact can be
readily understood but scarcely eliminated, and that its s
nificance increases with decreasing object size. But we
present criteria for artifact-free imaging and show examp
of images that indicate excellent, true NFO resolution ca
bility of the aperture scanning near-field optical microscop
~a-SNOM!.

II. EXAMPLES OF Z-MOTION ARTIFACTS

To illustrate the significance of artifacts created by no
optical control, Figs. 1 and 2 show images of a frequen
used test structure, the so-called latex sphere projec
pattern13. The pattern consists of nearly triangular aluminu
patches of 15 nm thickness on a thin glass slide, arrange
a hexagonal pattern with a nearest-neighbor distance of
nm. The lateral extension~triangle height! of the individual
patches is about 50 nm. A tunnel near-field optical mic
/81(6)/2492/7/$10.00 © 1997 American Institute of Physics
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scope~TNOM!14,15provided shear force~SF! images5,6 ~left!
simultaneously with pairs of NFO images~center!. The latter
represent the radiation transmitted at angles smaller~‘‘al-
lowed’’! and larger~‘‘forbidden’’ ! than the critical angle of
the glass substrate. The images on the right-hand side
obtained by differentiation, i.e., high-pass filtering of the fo
bidden light signals along the scan direction. This improv
the visibility of small structures because the slow variatio
in light intensity are suppressed.

The upper row in Fig. 1 depicts a set of images obtain
with the TNOM operated in constant gap-width mo
~CGM! using SF control. The SF image, Fig. 1~a!, clearly
shows the hexagonal pattern of metal patches. They ap
slightly larger than in reality, indicating that the NFO prob5

formed a fairly blunt SF tip. The allowed and forbidden NF
images, Figs. 1~b!–~d!, reveal patterns similar to that in Fig
1~a!, although the hexagonal structures cannot be recogn
as easily. The resolution is in the 40–70 nm range. In
forbidden image, the elevations are dark as to be expe
for an absorbing object. In the allowed image, they
bright, a finding which might lead one to speculate ab
contrast reversal in the imaging of small absorbing objec

The lower row in Fig. 1, however, gives a distinct
different impression of the test object. It shows the same a
of the test object as the upper one but was recorded in
stant height mode~CHM!, i.e., without z motion of the
probe. The NFO probe was retracted from the surface of
object just far enough to avoid contact except at the high

FIG. 1. TNOM images of a latex sphere projection pattern, patch diam
'50 nm ~prepared by U. Ch. Fischer, Univ. of Mu¨nster, Germany!,
l5633 nm, good NFO probe tip. Upper row~a!–~d!: constant gap-width
operation~CGM!, lower row ~e!–~h!: constant height~CHM!. ~a! and ~e!
Shear-force~topographic! images;~b! and~f! allowed NFO images;~c! and
~g! forbidden NFO images;~d! and ~h! differentiated forbidden images.

FIG. 2. TNOM images as in Fig. 1, bad NFO probe tip.
J. Appl. Phys., Vol. 81, No. 6, 15 March 1997
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elevations, where SF control started to operate.16 For the rest
of the topographic image, the SF signal was constant, res
ing in the uniformly gray part of Fig. 1~e!. Thus the average
distance to the object surface was only slightly larger th
with SF control.

The hexagonal patterns appear quite differently in Fi
1~f! and~g! as compared to 1~b! and~c!. In the differentiated
picture, Fig. 1~h!, they are clearest. The patches are dark
both CHM images~hence there isno contrast reversal!! and
smaller than before, agreeing now with the calculated s
The resolution is obviously better than with SF gap-wid
regulation, say<30 nm: Thez-motion artifact had masked
the excellent resolution of the NFO probe.

The second set of images, Fig. 2, was obtained with
same procedure, but using a different NFO probe. The h
agonal structure is obscured in the topographic image,
2~a!, by superposition of three or four ghost images. Su
perturbations are well known in scanning probe microsco
They are caused by the formation of several minitips at
end of the scanning probe. The optical images depict
same superposition. This clearly suggests a nonoptical or
because it is unlikely that the minitips would act as NF
probes as well.

The CHM images, Figs. 2~f!–~h!, indeed show only dull,
slowly varying structures typical of a useless, wide-open
erture. Thez-motion artifact obviously feigns all the fine
features in Figs. 2~b!–~d!!

III. PHENOMENOLOGICAL DESCRIPTION

In the following sections, mechanisms will be discuss
by which the auxiliary gap-width control can induce vari
tions in the recorded NFO signals. For simplicity, the latter
assumed to be SF. Other non-NFO gap-width control mec
nisms such as normal force~atomic force microscopy! or
tunneling ~scanning tunneling microscopy! introduce the
same problems. The popular and relatively well-understo
a-SNOM operated in emission mode3,4,17,18has been chosen
as a basis for discussion and illustration; we emphas
however, that all related techniques such as(photon) scan-
ning tunneling (optical) ~STOM, PSTM!,19–21

‘‘apertureless,’’22–26 and reflection27,28 near-field mi-
croscopies are subject to the same complications when
with CGM.

Two pairs of signal functionsSNFO(x,y,z),SSF(x,y,z)
andRNFO(x,y),RSF(x,y) plus the NFO probe path functio
zscan(x,y) will be introduced to put the discussion on a sou
basis. The coordinate system shall be fixed with regard to
object, withx pointing in the scan line direction andz in the
direction normal to the average object surface. The value
x,y,z shall refer to the center of the aperture at the apex
the glass tip, cf. Fig. 3. The metal film surrounding the a
erture is assumed to have a distinct protrusion on one sid
reality this might be the grain of aluminum sticking farthe
out from the coating at the tip apex.16

A. System signal functions

The system signal functions SNFO(x,y,z) and
SSF(x,y,z) are the~electric! signals that optical and SF de
tector, respectively, can provide as a function of the posit

er
2493Hecht et al.
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of the reference point (x,y,z). The system signal function
are defined for the entire half space above the sample ac
sible to the probe. They include all effects caused by illum
nation, probe, sample, and detection electronics.

Depending on the type of NFO microscope used,SNFO
may represent transmitted or reflected light, its polarized
depolarized components, or the response of a fluorescen
dium to irradiation from the NFO probe.SNFO can also be the
amplitude of modulation if differential techniques such
probe dithering are employed.

The optical properties of the sample are encoded
SNFO. This comprises contributions from the~complex! di-
electric constant as well as from topography, such as
surface curvature.29 Owing to the rapid decay of evanesce
waves next to the NFO probe, the degree of corresponde
between theoptical structureof the object surface and th
lateral variations ofSNFO increases for decreasing gap widt
The finest resolvable structures are approximately equa
the aperture radius in a-SNOM.

SNFO andSSF are distinctly different functions ofx,y,z
because of their different interaction and detection mec
nisms and also because the size and position of NFO an
interaction zones on the NFO probe are not necessarily
same. The relations betweenSNFO and SSF are illustrated
schematically in Fig. 3 for a planar sample with a sing
metal bump on its surface and two different aperture prob

SNFO andSSFare sketched in the form of contour plots
Fig. 3. Close to the sample surface, the contours ofSSF fol-
low more or less the object topography convoluted with
NFO probe geometry; they are also influenced by variati
of the tribological properties of the sample.10,30,31The lowest
SSF5const. curve appears at a distance from the sample
face which corresponds to the height of the SF sensing
trusion. This line defines the minimum distance between
erture center and sample surface and thus limits the rang
definition of the signal functions.

The SF response to the bump is shifted to the righ
Fig. 3 because the protrusion is on the left-hand side of
reference point. Such a displacement is natural to aper
probes and in fact can help identify nonoptical features in

FIG. 3. ~a! ‘‘Good’’ and ~b! ‘‘bad’’ NFO probes, schematic; contour lines o
SNFO ~solid lines! andSSF ~dashed line!, plotted as a function of position o
the aperture center.~c! and~d! Scan lines for the different modes of oper
tion, derived from~a! and ~b!.
2494 J. Appl. Phys., Vol. 81, No. 6, 15 March 1997
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SNOM image~cf. Section V!. In contrast, the centers of th
interaction zones coincide in general for the tips used
STOM/PSTM and other ‘‘apertureless’’ techniques.

TheSNFO response to the bump is influenced by the a
erture size of the two probes. The small aperture of Fig. 3~a!
can provide high-resolution NFO images; according
SNFO is modulated over a narrow range above the bump
the sample surface only. The wide aperture of Fig. 3~b!, on
the other hand, results in a very gentle effect of the bump
SNFO.

B. Recorded signals

The signals available during raster scanning ar
z scan(x,y) } Uz , whereUz is the voltage applied to the ‘‘z
piezo,’’ andRNFO(x,y) andRSF(x,y). The latter are derived
from SNFO(x,y,z) andSSF(x,y,z). They depend on the pat
that the NFO probe actually takes, i.e., the mode of ope
tion.

1. Constant intensity mode (CIM)

The probe follows a contour lineSNFO5const., given by
the set valueRset of the controller:

RNFO~x,y!5SNFO@x,y,zscan~x,y!#'Rset, ~1!

zscan5 z̄1dzCIM~x,y!. ~2!

The signal providing the NFO image isdzCIM(x,y), the
variation ofzscanaround its average valuez̄. It represents true
optical features only. Nevertheless CIM is rarely used
causeSNFO does not strictly follow the sample topograph
nor is it necessarily monotonous inz. ~An example will be
discussed in Section IV B 1.! Thus control of a very smal
gap width by CIM is not feasible in general.

2. Constant height mode (CHM)

In CHM, the probe is scanned in a plane parallel to t
average object surface, resulting in

zscan5zset, ~3!

RNFO~x,y!5S̄NFO~zset!1dSNFO~x,y,zset!. ~4!

Any structure visible in the scan image corresponds to
lateral variation ofSNFO and hence to theoptical properties
of the sample surface. The information obtained with C
and CHM is practically equivalent.32 CHM, however, allows
the close-distance operation necessary for high-resolu
imaging ~cf. Figs. 1 and 2!.

3. Constant gap-width mode (CGM)

Itinerant mechanical contact forces the NFO probe
follow a path of~nearly! constant SF:

RSF~x,y!5SSF~x,y;zscan!'Rset, ~5!

zscan5 z̄1dzCGM~x,y!, ~6!

RNFO~x,y!5S̄NFO~ z̄!1dSNFO~x,y,z̄!

1
]SNFO

]z U
z̄

•dzCGM. ~7!
Hecht et al.
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In Eq. ~5! the' symbol indicates possible deviations caus
by technical limitations of the electromechanical feedba
circuit. Such deviations can become significant when the
pography undergoes rapid changes and/or the scan spe
very high. It should be emphasized that the following co
siderations are valid for any path that the probe may take
matter whether it follows the topography exactly or not.

The signalRNFO(x,y) in Eq. ~7! is developed into a
power series ofdzCGM.33 The first two terms on the right
hand side represent the same purely optical information a
the case of CHM operation. The third term couples thez
motion of the probe with the optical signal. For the optic
properties to dominate the variations of light intensity in
scan image, thed-terms in Eq.~7! have to satisfy

dSNFO~x,y; z̄!@
]SNFO

]z U
z̄

•dzCGM. ~8!

Thez-motion artifact is represented by the right-hand side
Eq. ~8!. It is proportional to therelativevariation of the NFO
signal withz:

Ga[
1

SNFO~x,y,z̄!
•

]SNFO
]z

. ~9!

The CHM and CGM signals that would be recorded w
the probes of Figs. 3~a! and ~b! are plotted schematically in
Figs. 3~c! and~d!. Only the small aperture probe of Fig. 3~a!,
operated in CHM, provides a good image of theoptical
structure. The aperture in Fig. 3~b! is far too wide to generate
a high-resolution NFO image, and in CGM operation, t
scan lines are dominated by the SF response to the pas
over the bump. In Fig. 3~c! the true NFO signal can still be
recognized but in Fig. 3~d! the CGM trace gives a com
pletely misleading impression about the imaging capabi
of the probe.

IV. NFO SIGNAL VERSUS PROBE HEIGHT

A. Physical effects

The coupling factorGa introduced in Eq.~9! depends on
the properties of the SNOM as well as on those of the obj
Ga is a superposition of several components in general.
following list can give a feeling for the size of the couplin
(]S̄NFO/]z)/SNFO between thez motion of the probe and the
artifact it can generate in the NFO image.

~1! Proximity fields: The electric fields next to very
small structures (!l), such as SNOM apertures, decay ov
distances comparable to their lateral size, giving rise to la
gradients inSNFO. However, the contribution is significan
only for near-field detection34,35 because these fields a
mainly nonradiative.

~2! Evanescent fields: These are inhomogeneous, guid
waves of the type created by total internal reflection. Th
are exploited in STOM/PSTM, in the ‘‘forbidden’’ channe
of the TNOM as well as in some ‘‘apertureless’’ schem
These fields decay exponentially with gap width. The de
length is typically of the orderl/2p'100 nm, which yields
Ga

evan'21%/nm.
J. Appl. Phys., Vol. 81, No. 6, 15 March 1997
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~3! Standing waves: In arrangements with light propaga
tion in z direction, reflection/scattering from the sample su
face and from the NFO probe can produce interference
dulations in the approach curve. The phase angle at
sample surface depends on the dielectric properties of
object.Ga

interf can vary between positive and negative valu
of up to 1%/nm.

~4! Inhomogeneous illumination: In some types of NFO
microscopes, the probe is illuminated by a sharply focu
laser beam whose orientation is either collinear to the axi
the NFO probe23,36,37 or tilted at a large angle.25,38 On the
axis, the intensity of illumination varies as 1/@11(as)2#,
wheres is the distance from the focal plane anda5(k0/2)
3@arcsin(NA/n)#2 with k052p/l, n5 index of refraction,
and NA5 numerical aperture of the focusing objective. T
exact position of the NFO-active part of the probe with r
spect to the beam waist has a strong influence onSNFO. For
an NA51.3 oil immersion objective, it is sufficient that th
NFO probe be out of focus by as little as6100 nm to gen-
erateGa

illum560.5 . . .0.7%/nm.
~5! Confocal detection: In order to discriminate stray

light, the NFO probe is frequently imaged onto a small p
hole. Any deviation from perfect alignment caused by thez
motion of the probe results in a variation of detected lig
intensity similar to the previous case. To reduce this effe
the position of the NFO probe may be kept fixed and
sample position be adjusted instead. Variations of the ob
position still cause defocusing} (n21)•z, wheren is the
refractive index of the sample substrate. Hen
Ga
confoc'Ga

illum .
~6! Topographic influences: Besides these general fea

tures, Ga also depends on the specific optical and top
graphic structures of the sample. The influence of these
tors is significant but difficult to predict. An example of suc
behavior will be presented in the next section.

B. Experimental illustration

1. Determination of Ga

Figure 4 shows the approach characteristics for a g
grating measured with our TNOM.14,15 The grating consists
of nearly rectangular elevations 8 nm high and 190 nm wi
interleaved with flat valleys of the same width@Fig. 4~a!#.
The NFO probe is scanned in thex,z plane, which is oriented
perpendicular to the surface and the grating stripes. E
scan line represents one retraction curve starting from
point of SF contact.

The characteristic features of allowed and forbidd
light, viz., interferences fringes and exponential decay,15 can
be readily seen@Figs. 4~b! and~c!#. Near contact, one recog
nizes additional structure in the allowed light, which is o
viously related to the shape of the grating. Figure 4~d! de-
picts two pairs of allowed and forbidden approach curv
obtained by averaging 12 individual curves from top a
bottom positions, respectively. The latter curves app
shifted'8 nm to the right with respect to the first ones
Fig. 4~c!. The shift equals the variation of the starting poi
for top and valley positions. When corrected for the 8-n
2495Hecht et al.
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displacement, the two forbidden curves coincide exactly,
so do the allowed ones except very close to contact.

The Ga values near contact are21%/nm for forbidden
light, independent of position. For allowed light,Ga varies
between10.02~bottom position! and20.2%/nm~top!. This
behavior demonstrates that the weight of the artifact can v
considerably across an object surface and can change
from positive to negative contrast.

2. Cross-check: Artificial artifacts

In another control experiment, the attenuated out
voltage from a function generator was added to the SF sig
while the NFO probe was scanned over a plane glass p
The gap-width control circuit of the SNOM retracted th
NFO probe by 1 nm when the voltage was turned on. T
generated the grating structure seen in Fig. 5~a!. Without
z-motion crosstalk, the NFO signal would have remain
unaffected because there is no optical structure on the sa

FIG. 4. ~a! Profile of the test sample ‘‘glass grating’’~prepared by B. Curtis,
PSI Zurich!; ~b! and ~c! allowed and forbiddenx/z scan images;~d! ap-
proach curves for top and valley positions of the NFO probe~averaged over
12 scan lines each!.

FIG. 5. False high-resolution~a! SF and~b! forbidden NFO images demon
strating the influence of a 1-nm gap-width variation.
2496 J. Appl. Phys., Vol. 81, No. 6, 15 March 1997
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surface. The very clear response of the forbidden NFO sig
@Fig. 5~b!# proves that topographic motion can fake an op
cal structure which does not really exist. The modulation w
visible in the NFO image down to an amplitude of 0.1 n
i.e., down to atomic size variations in gap width!

C. Influence of object size

The discussion in the previous two sections leads to
conclusion thatuGau is of the order of 1%/nm in general. Th
second quantity required for an estimate of the different
fluences is the ratio@dSNFO(x,y; z̄)/S̄NFO#/dzCGM. There is
no simple way to determine this quantity. A general tre
with regard to object size, however, might be deduced fr
the following consideration: A small object such as the bu
in Fig. 3 may be considered a Mie scatterer. In the elec
static limit ~diameterd!l), the electric field at a fixed dis
tance from the center of the particle is proportional to
volume.39,40 If the size of the bump shrinks uniformly in a
three dimensions and if the distance of the NFO zone fr
the sample is given by the height of the probe protrusi
then the variation of the NFO signaldSNFO decreases with
the third ~sixth! power of the particle size for heterodyn
~homodyne! detection. The topographic scan signaldzCGM,
on the other hand, depends linearly on the particle diame

dSNFO}d3 . . . 6, dzCGM}d. ~10!

This situation is depicted schematically in the double-l
plot in Fig. 6. The reduced slope ofdSNFO for large d re-
minds us that these considerations are valid only for v
small objects. The different dependence ond makes the
z-motion artifact increasingly dominant with decreasing p
ticle diameter. It should be noted thatGa does not scale with
the particle size because the denominator in Eq.~9! is given
by the properties of the bare sample surface.

FIG. 6. Variation of NFO and SF signals with particle size, schematic.
Hecht et al.
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V. IDENTIFICATION OF TRUE NFO FEATURES

It was shown in Section III B that operation inconstant
heightmode is the only way—except for theconstant inten-
sity mode not further considered here—to avoid the occ
rence of the artifact completely. High resolution, on the ot
hand, requires that the probe be scanned very close to
object surface. Imaging of highly corrugated samples m
therefore necessitate auxiliary feedback to be retained. In
case, the resulting scan records have to satisfy condition~8!.

In order to obtain unperturbed NFO images in CG
mode, it has been suggested that the crosstalk term in Eq~7!
be determined and subtracted fromRNFO.

26 It is true that
]SNFO(x,y,z)/]z can be measured locally by dithering th
NFO probe or from approach~retraction! curves of the type
shown in Fig. 4~d!. The z-motion dzCGM(x,y) is the signal
recorded anyway in the topographic image. Thus, a qu
CHM image might be constructed from Eq.~7!. The always
existing uncertainty in the experimental data makes it di
cult, however, to determine whether perfect compensatio
the z-motion crosstalk was achieved.

In our experience, at least one of the following requi
ments has to be satisfied by an ‘‘NFO image’’ to be credib

~1! The NFO image is obtained in CHM or CIM.
~2! The NFO image is obtained in CGM but:

~a! Topographic and NFO images are highly uncorrelate
This means that cross correlation must be minor
any partof the image because]SNFO(x,y,z̄)/]z is not
necessarily constant across the scan area~see Fig. 4!.
Therefore, varying or even reversed correlation with
one frame is not sufficient.

~b! Correlated structures are displaced by a consta
amount.This indicates that optical and nonoptical i
teraction zones do not coincide, cf. Fig. 3.

~c! The resolution of NFO and SF images are clearly d
ferent.

Conditions 2~a! and ~c! are satisfied, for example, in Fig. 7
depicting part of a T3 fibroplast cell, imaged with a
a-SNOM adapted to fluorescence recording.16 The actin cy-
toskeleton is labeled with a fluorescent dye. The SF im
shows the more or less smooth cell surface, whereas
NFO image clearly reveals the skeleton structure. The li
bump on the right and the fold on the left, however, are

FIG. 7. ~a! SF and~b! NFO fluorescence images, CGM control, almost fr
of z-motion artifacts. The image was made in collaboration with P. Desc
and M. Jobin, University of Geneva.
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similar in both pictures that thez-motion artifact could well
be the origin for their appearance in the NFO image.

Conditions 2~b! and ~c! are satisfied by the ‘‘eye-bee’
image published in Ref. 41. The surface roughness is vis
in the SF image only; the displacement is obvious in
forbidden NFO image which displays, besides the true N
features, the SF contours as a ghost image. The latter is
visible in the allowed NFO image because of the sma
Ga , cf. Fig. 4.

42

A similar situation apparently existed in our first NF
studies.3,4 The equipment available at that time allowed t
registration of only a single image. Single scan spot che
with two-pen recorders, however, showed large offsets
different broadening of the recorded features in genera43

This was not unexpected because the aperture NFO pr
were fabricated in a way that generated extremely extend
very flat plateaus at the tip apex. The formation of the ST
contact far off the aperture was therefore probable.

In our experience, the best way to obtain well-defin
NFO images is to scan first in CGM and then in CHM. Th
allows one to scan very close to contact in CHM and p
vides sets of images similar to those depicted in Figs. 1
2. The resolution was excellent when the microscope w
operated in this way with a good aperture probe. For
ample, Fig. 8 depicts the same grating as in Fig. 4. The
structures reveal 10-nm details, which correspond to
pixel size. The image was obtained at the end of a long se
of measurements with the same NFO probe, displaying c
siderably less sharp features. It is possible that the m
coating that usually protrudes from the aperture proper w
gradually ground away, allowing the aperture to get clo
and closer to the sample surface.

VI. APPEAL

For NFO to remain a credible area of research, it
indispensable that all images be carefully checked for
artifact described. Its elimination will more easily allow us
focus future R&D efforts on the true problems of NFO im
aging, namely on reliability, simplicity, correct interpreta
tion, and progress towards higher resolving power.
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