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Abstract

A scanning force microscope (SFM) intended for
operation inside a scanning electron microscope (SEM) is
described. Thiscombined instrument allows onetoimagea
sample conventionally by SEM and to investigate by SFM
thelocal topography aswell ascertain physical characteristics
of the surface (e.g., friction and elasticity). The combination
of the two microscopes is very attractive because they
complement each other interms of depth of field, lateral and
vertical resolution, field of view, speed and ability to image
insulating surfaces. A multi-dimensional data space relative
tothe sameareaof asample surface can be constructed, which
should help to give new insightsinto the nature of materials.
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Introduction

The scanning force microscope (SFM) [3] hasbecome
animportant surface analysistool over the past few years. Its
first function isthree-dimensional topographic analysiswith
high lateral and vertical resolution; it is thus usable as a
profilometer at the nanometre scale. In other respects, it is
ableto giveinformation about certain physical properties of
thesurfacesincethetipissensitiveto different typesof forces
or interactions. Tribologica investigations can be envisaged
by recording the effectsof lateral frictional forces[2]. Itisalso
possible to study the visco-elastic properties [16], adhesion
[6], magnetic[13] or eectrostatic[19] characteristicsof different
materials. SFM isused not only in surface physicsbut alsoin
various fields such as semiconductor development and
biology. In spite of its advantages, mainly high resolution
and the ability to image non-conductive samples, the use of
the SFM islimited by itssmall scan areaand s ow scan speed.

The scanning electron microscope (SEM) is adso a
surface analysis instrument. SEM generally has a lateral
resolution of about 5 nm, whereas a SEM equipped with a
field emission gun hasaresolution of about 1 nm. It must be
pointed out that thisresolution isobtained only in the case of
very special test specimens capable of giving good contrast
in the secondary electron imaging mode, gold particles on
carbon for example. Inmost cases, specimensdo not present
sufficient contrast to be seen with the resolution limit of the
instrument. The SEM has some other very interesting
characteristics, mainly its large depth of field and the
possibility of imaging largeareas of afew mm?very quickly.

Scanning tunnelling microscopy (STM) isatechnique
closely related to SFM, with similar limitations (small scan
area, ow scan speed). A few teamshavetried to solvethese
limitations by combining the scanning tunnelling microscope
withaSEM [8, 10, 11, 20,22]. The STM/SEM hybridingrument
takes advantage of both techniques: the real-time image of
the SEM makesit possibleto view awidefield of thesample,
choose a selected spot and then zoom onto that areawith the
STM. Nevertheless, our experience of the STM/ SEM
combination showed usthat the easy use of STM isrestricted
to very clean and well-conducting specimens. Very often,
imaging reliability was not good, and tips broke because of
contamination or poor conducting properties of the observed



Mirror

Cantilever

Mirror

Four Segment
Photodiode

Sample

generator

Piezo disc

Three-dimensional
Piezo Scanner

amplifier

Pre-Ampli

abed

4 a-b c-d

Error
Amplifier

Piezo
Driver

A
b |

1=
=

Figurel. Schematicworking principleof the SFM.
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specimen.

AstheSFM isabletoimageinsulators, thisdraw-back
isnolonger aproblemwithacombined SFM/ SEM. SFM and
SEM are, therefore, complementary techniques, the
advantages of one compensating the draw-backs of the other.
For the SEM user, besides improvements concerning the
resolution (mainly the vertical resolution), afundamental aspect
isvery dtractive: SFM is able to provide multi-dimensional
information from the surface (e.g., friction, adhesion,
viscoelastic properties).

A few attemptshave been made recently to combinea
SFM withaSEM [7,12, 18]. Thesystemwe have devel oped
isbased on thewidely used technique of the position-sensitive
detection of alaser beam from the cantilever. A commercia
SFM/SEM using this method is available from Topometrix
(SantaClara, CA) but hasnot been described inthe literature.
Inthe present article, we describethe design of our combined
SFM/ SEM and its performance, and we illustrate its
potentialitieswith afew examples.
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SFM Description

Thebasic principle of the SFM we have devel oped to
be combined withaSEM isschematically explainedin Figure
1. A3mW collimated laser diode (Méelles-Griot) and alens
(focd length 25 mm) arerigidly mounted on aflange, which
can be orientated to centrethefocused beam on the cantilever
top. Two fixed mirrors reflect the beam on a four-quadrant
photodetector (Advances Photonics, Inc., Camarillo, CA),
which can bemoved in two perpendicular directionsby means
of a displacement mechanism. Topographic and lateral
frictional forceimages can thus be smultaneously recorded.
Thepiezo-dectric ceramic (EBL#3, Staveley Sensors, Inc., East
Hartford, CT) isatubeof 6.5mm diameter givingascanning
areaof 8x 8 um?and aZ dynamicrangeof + 1.6 pm.

The viewing plane of Figure 1 is 45° tilted through
with respect to the electron beam, that is, the specimen surface
isalso 45° tilted, facing the secondary el ectron detector (Fig.
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Figure2. Schematicview of the SFM insidethe SEM. (A) objectivelenshousing; (B) secondary €l ectron detector; (C) laser diode;
(D) mirrors; (E) cantilever support; (F) coarse approach screws; (G) piezo tube and sample; (H) photodetector adjustment screws,

(X,Y, Z) stepper motors.

2). Thespecimenisplaced at aworking distanceof 15mmand
a coarse positioner can move the specimen in the X and Y
directions(+ 1.5 mm) with two stepper motors (*inchworm” -
type from Burleigh). The laser diode, the two mirrors, the
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cantilever, and the photodetector are al mounted in asupport
(the SFM head) that can be separated from the SFM base so
as to change the specimen. The SFM head is set on three
mobile axes, forming atripod, and maintained by two springs.
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Figure3. View of the SFM mounted insidethe object chamber

of SEM.

Two of these axes are threaded and can be manually rotated
for a coarse positioning of the cantilever with respect to the
specimen. Thethird axisisthediding axisof athirdinchworm
motor, alowing one to engage the tip in contact with the
specimen. The three motors are controlled from outside the
SEM when the SFM head is under vacuum. Figure 3 shows
the SFM mounted on the object chamber stage of acommercia
SEM (Philips SEM 515, Eindhoven, The Netherlands). We
have deliberately chosen to connect the SFM rigidly to the
specimen displacement stage of the SEM even though the
problem of mechanical vibrations is crucia in near-field
microscopy for obtaining the atomic resolution. There are
two reasons for this choice. In our previous experience of
combining a STM to a SEM [20], we chose to support the
STM head onastack of 5 plates separated by viton O-ringsto
reduce the mechanical vibrations. This was efficient for
obtaining the STM atomic resolution but was detrimental to
the SEM resolution because the specimen was not laterally
stablewith respect to the column axis. Furthermore, wethink
it isillusory and thus, not useful, to strive towards atomic
resolution in a SEM under conventional vacuum since high
resol ution studies requirethat the sample surface be prepared
under ultra-high vacuum conditions to avoid any
contamination.

The electronics are of analogue type and home-built
onthebasisof those developed by Radmacher [17]. Thedata
acquisition, scan, display, processing and analysis are
accomplished by a digital system (Macintosh Quadra 650,
Apple Computer France, Cedex, France) equipped with two
interface cards (Macadios GW1-625 and GW1-DAC, GW
Instuments, Somerville, MA). Thesoftware, developed by H.
Gaub'steam (personal communication), allowssimultaneous
acquisition of three types of different signals. forward and
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backward scansare alwaysrecorded, and o six images of 256
X 256 pixelsareobtained.

Resultsand Discussion

Theresolutionsof theindividual partsof thecombined
instrument have first been evaluated. Figure 4 shows the
images of aclassical test object regularly used to measure the
SEM resolution (gold particlesevaporated on carbon). Figure
4aisthe SEM imagetakenat 30kV. Theresolutionisevaluated
to beof the order of 20 nm, whichisthe normal image quality
of our SEM for aworking distance of 15.9 mm; the presence of
the SFM doesnot impair the SEM resolution. Figure4bisthe
SFM image of these gold particles. Line profiling indicates
that these are 2-3 nm high, whichisalower limit becausethe
tip is too broad to reach into the space between granules.
Nevertheless, the resolution is much better than that of the
SEM. lItisdifficult to quantify it since gold particles do not
present fine structures at their surface but they are clearly
distinguishable, whereas some of theseareonly faintly visible
inthe SEM image. A STM rigidly connected to the specimen
stage of a SEM has aready been proven to be efficient for a
goodresolution[1]. Our own testsshow also that thissolution
is agood one for a SFM/SEM combination. On the other
hand, to verify the performance of our SFM, wetested it onan
anti-vibrationtablein air; atomic resol ution could be obtained
onamicasample.

The following example is presented to illustrate the
interest of the combined SFM/SEM instrument and also to
demonstrate the complementarity of the two techniques.
Figure5 showsthat itisvery easy tolocalize aparticular spot
of interestinasamplewiththe SEM, thento movethe specimen
under the probing tip and to zoom and reveal detailsby SFM
that SEM isnot ableto show. Figure5aisthe SEM imageof a
two-dimensional grating made by electron microlithography.
It consists of circular gold studs on asilicon substrate with a
diameter of 200 nmand aperiodicity of 400 nm. Thetop of the
cantilever can aso be seen in thisimage. Thetip usedisa
conventiona Si,N, tip, theradiusof whichisapproximately 40
nm. Thetip height (4 um) isnot high enough to bevisualized
by SEM because it is hidden by the top of the cantilever.
Unlike the case of the STM/SEM combination in the same
configuration (tip 45° tilted with respect to thebeam axis), the
tip extremity cannot be seen, which is a small drawback.
Nevertheless, it is easy to position the SFM tip on a detall
whenthelatter hasbeen located by SEM and thento correlate
theresultingimages. Figure5bisthe SFM image of adefect
present inthe grating. It reveals small structures on the stud
surface that were not visible by SEM. One can a so seethat
the studs appear as squares, whereas they are circular in the
SEM image. Thisisan artefact dueto thetip shape. Taking
into account the stud height (80 nm), the sides of the tip
(which has a pyramida shape) have clearly been in contact
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with the studs. Theimage combinestheinformation coming
from the object and from the tip. This is the well-known
“convolution” effect (the exact term is “dilation” in
mathematical morphology [4]) between specimen and tip due
to the finite dimensions of the latter. Observation by SFM
aoneof ardatively rough surfaceyid dsawrong topographica
interpretation, and this example demonstrates all the interest
and complementarity of using both techniquestogether; SFM
isthe privileged tool to reved fine structures and to measure
heights precisely, whereas SEM is well-adapted to give a
reliablelateral representation of rough objects.
Thetribology of surfacesat the submicrometric scale
can also be studied with our system. In order to measure
frictiona forces, we chosethefast scan direction perpendicular
to thelong direction of the cantilever. Thecartography of the
lateral forces and the topographic image are simultaneously

Figure 4. Images of gold
particles evaporated on
carbon obtained with the
SFM/SEM combingtion. (a)
Scanning electron micro-
graph; working distance =
15.9mm; (b) topographical
SFM imege.

Figure5. SFM/SEM images
of agrating. (a) Scanning
eectron micrographwiththe
view of the cantilever and a
small magnified defect; (b)
Scanning force micrograph
of thesamesmall defect. The
studs appear as sguares.
Thisisanartefact duetothe
SFM tip geometry.

1.0 um_lH.b ningy
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recorded. For the moment, the information obtained is
essentialy qualitative but recent developments show that
quantification at the nanometric scale of friction coefficients
can be performed [14]. Figure 6a is the scanning electron
micrograph of a ceramic sample composed of two phases.
AI203, whichisnot conducting, and TiN, whichisonly dightly
conducting. This material, used as a bioceramic, behaves
under friction differently fromaumina Figures6band6care
SFM images of the surface topography and frictiona forces,
respectively. Thewhiteareasof Figure6¢ are characterigtic of
larger frictional forces. The information contained in both
SFM images of Figure 6 providesbetter understanding of the
SEM image contrast. The SFM topographic image tells us
that the dark spots in the SEM image are in fact at a lower
height level, and therefore one of the sample constituents
may be preferentiadly pulled away by the mechanical
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Figure6. SFM/SEM imagesof aAl,O,TiN bioceramic(a) Scanning electronmicrograph; (b) topographical, and (c) frictional SFM
images. Areaslabeled with lettersA, B, C correspond in the topography image to areas with small heights (dark color), in the

frictionimageto areasof highfriction (light color).
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polishing process. Some of these areas appear white in the
frictional forceimage, showing that frictionismoreimportant
there. Our SEM isnot equipped withan X ray analyser, but X
ray cartography would certainly help to determine which
phase has the lowest friction coefficient.

Our SFM is dso able to give information about the
viscoel astic properties of material sthanksto aworking mode
caled “sample displacement modulation.” The sample is
periodically moved up and down (Z wobble), and the tip
responseis measured with alock-intechnique. Thesampleis
displaced by means of a transducer placed underneath the
sample(Fig. 1). Weusedasmall piezo-dectricdisk of thickness
0.5 mm. The frequency of the modulating signd must be

1.0 lllll_ 10,0 D Image Size : 4.0 pum
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Figure7. (a) Topography and
(b) dasticity SFM images of a
nickel based superaloy. The
high frequency sample modu-
lation displacement method is
sufficiently sensitive to separate
phases with close elastic moduli
in adtiff materia. The Young's
moduli of the y phase (dark
color) and y phase (white color)
are115and 130 GPa, respectively.
Themodulationsignal amplitude
isz=2nm, frequency f =188kHz
and the cantilever stiffness k =
0.06N/m.

chosen to be above the feedback response frequency
(typically afew kHz). Therearetwo different working regimes:
bel ow the cantilever resonance frequency (at low frequencies
~10kHz) or well aboveit at high frequencies (between ~100
KHzand 1 MHz). Thelow frequency regimeal so called “the
forcemodulationmode,” iswell adapted to soft materialssuch
as biological ones [15, 16]. Measurement of the signal
amplitude and phase gives the elasticity and viscosity
response of the material, respectively [16]. The response of
the cantilever to high frequency excitation is fundamentally
different fromitslow frequency response. Thetheory of this
regime has been developed by Burnham et al. [5]. Their
analysis shows that modulating the position of the sample at
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frequencies above the highest system resonance gives the
clearest differencein cantilever responsefor thevariationsin
elastic modulus of stiff samples. Asthe equations governing
the cantilever behaviour at high frequencies are dominated
by the acceleration, these authors named this working mode
“Scanning L ocal-Acceleration Microscopy” (SLAM). Figure
7 is an example illustrating the capabilities of SLAM on a
nickel-based superaloy single crystal. This material is
composed of two phasesy and y', whose elastic moduli are
very close, 130 and 115 GPa, respectively [9]. They phase
consists of cubic precipitates, which appear as dark squares
in the topographic SFM image of Figure 7, sincethe single
crystal was cut in dices with their main faces parallel to the
(001) crystalographic plane [21]. The sguares are dightly
distorted because of hysteresisand non-linearity of the piezo-
tube. After mechanica polishing (final stepon 50 nmaumina
powder), they phaseisreveaed by dipping thesamplefor 15
secondsin achemical solution that preferentialy attacksthe
y phase. Therefore, they phase (the matrix) appearsinwhite
(the highest height level on the sample) and they phasein
black (thelowest level). The SEM imageisnot presented here
becausethey precipitate depths are so small, between 5 and
10 nmasrevealed by thetopographic SFM image, that thereis
absolutely no contrast in theimage. Figure 7bisthe SLAM
image obtained from the amplitude response of the cantilever,
withamodulationsigna amplitudez=2nm, frequency f = 188
kHz and with acantilever spring stiffnessk = 0.06 N/m. The
white areasin the image correspond to higher gtiffness. The
image shows clearly that the y phase has a higher stiffness
than the y phase. The latter does not appear completely
homogeneous; some small white spots are present inside.
These, which correspond to ahigher stiffness, are presumably
smal y particles pulled out during mechanical polishing,
spread on the surface, still adhering to it and not removed
during the short chemicd etching. Thehighfrequency sample
displacement modulation method is so sensitive that “ semi-
quantitative’ measurements of el astic moduli of stiff samples
can be performed [23]; semi-quantitative is understood here
asthe possibility of measuring the elastic modulus of one of
the constituent of a material relative to another constituent,
the' Young'smodulusof whichisknown and used asreference.

We would like also to mention that there may be an
additional advantage in performing SFM measurements or
gudiesingdethevacuum of aSEM: thewater layer that covers
the specimen in air is desorbed under vacuum, and so there
are no more capillary forces. Viscoelastic and adherence
studies can therefore be performed quantitatively. All the
studies using the non-contact resonant mode also take
advantage of the low pressure because the Q-factor of the
cantilever resonance is much higher. This has been
demonstrated for amagnetic force microscope combined with
aSEM[12].
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Conclusions

A scanning force microscope combined with a
scanning electron microscope has been developed that has
the possibility that a well-defined spot in a sample of afew
mm? can be observed with theaid of an X-Y sample paositioner
using stepper motors of the inchworm type. These two
instruments are complementary, the advantages of one
compensating for thedrawbacksof theother. Imagecorreation
alows one to avoid some misinterpretations, relative to
artefacts caused by tip-surface interactions in SFM or to
contrast understanding in the SEM images. The presence of
aSEM reducesthetimeand effort required in placing the SFM
probeintheregion of interestinasample. From the point of
view of the SEM user, theresolutionisconsiderably improved
and profilometry and roughness measurement at the
nanometre scal e thus become possible inside the SEM, with
the SFM. The combination of these two techniques in the
sameinstrument openstheway towardsthe construction of a
multi-dimensional dataspace corresponding to thesameplace
on the sample surface: the SEM gives access to information
coming from secondary and backscattered electrons and
alows X ray analysis to be performed, whereas the SFM,
besides 3-D morphological analys's, alowsnanotri-bological
investigations (friction, wear, adhesion) and studies of some
physical properties (viscoel astic, el ectric and magnetic) to be
mede.

With the multifunctional approach described, we
believe that one can get new insights into the nature of
materials and that such a SFM/SEM combination should
become a practical tool in materials science, biology and in
the semiconductor industry.
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Discussion with Reviewers

T. Ichinokawa: Arethereany problemstaking SEM and SFM
images upon the same area.on ainsulator material?
Authors. In SEM, insulators must be imaged at very low
voltage to avoid charging effects. In that case, we did not
encounter any problemswhen making SFM images. Even at
higher voltageson partiadly insulating materidslikeAl,O,TiN
(Fig. 6), wedid not havedifficulties.

T. Ichinokawa: Friction and viscoelagticity images may be
changed by contamination.

Authors: Contamination may certainly change friction and
adherence. Onéeagticity images, at |east on tiff materias(like
Ni-based superalloy in Fig. 7), it is unlikely that a small
contamination layer, which should be much softer, has any
influence becausetheinstantaneousdynamicforceislargeat
high modulation frequencies (several tensof nN). Wedid not
see any differences between elasticity images taken in air
before exposureto electrons and imagestaken in the SEM.

M. Radmacher: Thelaser beaminyour design comesfrom
the side of the cantilever; thiswill result in adeflection of the
beam in the same direction by vertical forces (topography) as
well as lateral forces (friction). In usua designs, the laser
beam comes roughly from behind, which theoretically
decouples the two effects. In practice, crosstalk between
lateral and vertical forces can occur, and in your case, this
crosstalk should be more pronounced. Are my concerns
justified?

Authors. Theoretically, our design works correctly: lateral
and vertical forcesgivetwo decoupled effects, thelaser beam
movesin two perpendicular directions on the photodetector.
Theonly differencefrom theusual designisthat the sensitivity
for vertical forcesis decreased approximately by afactor 1.3,
but increased by the same factor for lateral forces.
Consequently, if thereiscross-talk between lateral and vertical
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forces, andit certainly existsasin theusua design, thiseffect
isdightly amplifiedin our case.

M. Radmacher: How doyou interpret, in thefriction data.of
Figure 6¢, the bands of low friction force running roughly
diagonal through thefield of view?

Authors. Wedo not know. They might bedueto atopographic
effect because adepth line profiling in the topographicimage
revealsthe presence of alternating grooves (depth around 15
nm) corresponding to thewhiteand black bandsinthefriction
image, or they might be due to surface contamination caused
during therotating mechanica polishing, whichwouldincresse
thefriction in the grooves.

M. Radmacher: We have recognized that force modulation
dataare proneto aplentitude of artefacts, possibly caused by
crosstalk between topography or friction and modulation
signa. Haveyou tried to rule out these artefacts in the data
presented here? Since your sample showsridges, | would be
concerned about the addressed artefacts.

Authors. Inthe present case, theresolutionislow (1 pixel =
15 nm), the height differences on the surface are small (5-10
nm) compared to the tip radius (50 nm), and the friction
coefficients of the two phases are very close to each other;
consequently, itisvery unlikely to see artefactslikethis.

M. Radmacher: What scientific questions do you want to
accessnow? What new information, not obtainable with the
single instruments, do you want to gain?

Authors: Inthe near future, we areinterested by two kind of
studies for which the SFM/SEM instrument can help: (1)
problem of adhesion of silane between fiberglass and epoxy
matrix. The SEM would provide the different scales of the
heterogeneousdistribution of silanelayer over alargefield of
view, and the SFM in the friction mode and elasticity mode
would hel p to estimate the nature and propertiesof the objects
adsorbed on the surface; (2) study of thermoelasticity
propertiesof materials. Themodulated beamwill providethe
energy to heat the sample locally and cause an elastic
deformation measured by the SFM and analysed with alock-
in technique.

A.M. Baro: Thedataof Figure5 are very frustrating, since
SFM images are worse than SEM images, and these dataare
an argument against using such acombination. They arealso
in contradiction with the argument given by the authors that
SFM/SEM combination is amuch better choice than STM/
SEM. Inthelast case, the shape of the studsis preserved as
reported in the paper by Gomez-Rodriguez JM et al. (1989)
Ultramicroscopy 30: 355.

Authors: Figure5illustratesthe possibility of artefactsinthe
SFM images caused by geometrical effects of the tip when
surfaces are very rough. Thesetip effectsare also present in
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STM, as outlined in the paper referred to by the reviewer.
Their importance is related to the tip shape and size. Inthe
case of rough surfaces, the SEM gives a better resolution,
and thus our exampleillustrateswell the complementarity of
the two instruments. In our opinion, and in contrast to the
reviewer’'s assertion, this is an argument for using such a
combination. We believe that SFM/SEM combination is a
better choice than STM/SEM, mainly because of surface
conductivity problems; with the SFM, insulators can be
imaged, plusall theother information that the SFM can give:
eladticity, friction, etc.

Reviewer V: The idea of combining a scanning probe
microscope (SPM) and a SEM in one instrument is actually
relatively old. Topometrix launched the Observer™ which
wasoriginally designed for the Hitachi 4000 seriesbut isnow
availablefor two or three other SEMs. Today, the Observer™
is used for standard quality control in the semiconductor
industry aswell asin hard drive manufacturing. For obvious
reasons, there are no publications available from these
industries. According to Topometrix, the Observer™ isalso
used in academic research. Besides, OMICRON
Vakuumphysik GmbH (Germany), commercidly offers the
MULTISCAN LAB, which combines the STM and SEM.
Furthermore, Digital Instruments (Santa Barbara, CA)
commercialy offersthe Dimenson™ 5000 whichiscapableof
three-dimensional imaging areasup to 35 cm, which makesthe
use of themuch more complex and probably more expensive
SEM obsolete, if used only to navigate the SPM tip or to get
an overview on large scales. Park Scientific Instruments
(Sunnyvale, CA) buildscommerciad SPM inambient air which
are by default combined with an optical microscope, and the
instrument iscapable of producing continuous 3D information
from nm-scales (SPM) to cm-scales (optical microscope).

Authors: Theideaof combining STM and SEM iseffectively
10 years old, but, concerning AFM/SEM combination, only
three papers have been published on the subject, to our
knowledge. A commercia instrument isavailableonthemarket
but design and performance of the system has not been
published. What is the resolution of the AFM inside the
SEM; what becomes of the SEM resolution? Only the users
of this system know. In electron microscopy, manufacturers
publish the performance of their microscopes. Topometrix did
not for thissystem. Theinterest of the SEM intheAFM/SEM
combination is not only linked to the fact that it is easy to
navigate the SFM tip or get an overview on large scales. the
SEM in many caseswill have abetter lateral resolution than
the AFM. Indeed, the probe size of a SEM equipped with a
field emission gun can be smaller than 1 nm, compared with
the best AFM tips which have a radius of about 10 nm; the
example we have given of artefact produced by the AFM tip
demonstratestheinterest of image correlation. SEM aso has
itsown fieldsof competence (largefield of view, backscattered
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electron detection, X ray analysis, etc.) that the others
(Dimension™ 500, SPM/optical microscope combination) do
not have.

Reviewer V: Theauthorswritethat they haverigidly connected
the APM head to the SEM stage to preserve the SEM
resolution. Tomy knowledge, the previoudy builtinstruments
do not considerably hamper the SEM resolution as long as
thereisadifferent trandation proper connection to the mass.
Also, theuseof adifferent cantilever (not piezo-resistive) or a
different trandation stageisnot original; it has been realized
with similar designs under ambient conditions as well asin
ultra-high vacuum and has nothing to do with the combination
SPM/SEM.

Authors: If werefer to thethree previous papers concerning
AFM/SEM combination, oneof theAFM designs[12] isbased
on an antivibration stack of plates separated by a viton O-
ring. Weknow by experiencethat thissolution isdetrimental
to the SEM resolution. In the two other papers[7, 18], the
AFM head is rigidly connected to the SEM state, and the
AFM designdoesnot dlow thecoarse X, Y positioning of the
specimen with respect to thetip. None of these three papers
shows the resolution of the SEM and AFM when they are
combined; only low magnification images are presented. To
construct an AFM head which alows the position of the
specimenswith respect tothetiptobein X, Y, and Z directions
from the outside of the SEM is not a trivid problem; it is
certainly more complicated than constructing a STM head
because of the presence of a centerable laser diode and
photodetector and mirrors. We believe one of the merits of
our paper, although the idea of combining SFM and SEM is
not original, is to demonstrate with resolution tests the
performance of such acombined instrument. Wealso believe
that it is useful to give a full description of the design
philosophy and examples showing the interest of such an
hybrid SFM/SEM instrument, since these combined
microscopesarere atively new and uncommonin laboratories
doing academic research.
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