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I
n recent years, nanotomography turned
out to be a promising method to im-
age three-dimensional (3D) soft and hy-

brid nanostructures. With the technical ad-

vances in the field of microscopy and image

processing, nowadays a reliable 3D recon-

structions of soft structured materials with

a resolution down to 10 nm becomes fea-

sible. The available methods include mag-

netic resonance force microscopy,1,2 cryo-

electron microscopy,3 and electron

tomography and holography.4

A distinction is drawn between tomog-

raphy methods based on tilt-series (nonde-

structive) or on ultrathin sections of the

sample (destructive). Non-damaging ap-

proaches are achieved using X-ray

microscopy,5�9 transmission electron

microscopy (TEM),10�14 and atom probe

field ion microscopy (APFIM).15 Especially in

the case of TEM Tomography (TEMT) suffers

from possible film distortions after transfer

from the substrate to the TEM grid, the grid

deformation and the electron beam dam-

age of degradable polymers like poly(tert-

butyl methacrylate) (PtBMA). Moreover, for

inorganic bulk samples, such as metals,

biominerals, or ceramics, focused ion-beam

(FIB) tomography16�19 is commonly used.

Harrison et al. developed a procedure for

layer-by-layer imaging of block copolymers

by using scanning electron microscopy

(SEM).20,21 A combination of ultramicrotom-

ing with scanning force microscopy (SFM)

suggested by Efimov et al. is limited to a

step-size of at least 20 nm due to the ultra-

microtome setup22 and imparts unneces-

sary stress on the sample during the micro-

toming process. The method presented

here, circumvents all the above-mentioned
limitations as no sample transfer is required,
and the etching process is conducted in a
chamber below the scanning force micros-
copy (SFM) scanner allowing to achieve a
depth resolution below the 10 nm limit.

This SFM-based nanotomography tech-
nique was established by Magerle23 as a
method for volume imaging of microphase
separated block copolymer structures in
thin films and later extended to other kinds
of materials.24 It combines the erosion of
thin specimen layers with the subsequent
SFM imaging of each newly exposed sur-
face, thus providing topography informa-
tion supplemented by the corresponding
materials property information which can
be detected, for instance, by SFM tapping
mode imaging. With the combination of
both, a real-space volume image of the
nanostructure in the interior of the film can
be reconstructed.23,25 A suitable ablation
method for various materials, especially for
sensitive polymer materials, is the low-
pressure (LP) plasma treatment technique
which represents a well established and
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ABSTRACT We report on the quasi in situ scanning force microscopy nanotomography which proved to be a

key method to effectively obtain a three-dimensional (3D) microdomain structure of a complex ABC triblock

morphology. As an example, we studied polybutadiene-block-poly(2-vinyl pyridine)-block-poly(tert-butyl

methacrylate) (BVT) thin triblock terpolymer films. We realized a controlled erosion of the material by using low-

pressure plasma etching coupled to the scanning force microscope. The 3D reconstruction provides insights into the

structural behavior in very thin volume elements revealing morphological details not accessible with other

methods.

KEYWORDS: ABC triblock terpolymer · microphase separation · QIS SFM
nanotomography · thin film · selective hydroxylation
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flexible method, since process parameters like gas com-

position, process pressure, and RF power can be ad-

justed with high accuracy. Thin sample layers can be

successively removed in a precise and reproducible way

creating neither noteworthy thermal load nor mechan-

ical stress to the specimen.20,26 Moreover, problems en-

countered in wet chemical etching, such as residual sol-

vent on the surface or swelling effects, are avoided.

Consequently, the LP plasma technique is a method ex-

tensively used for the modification of polymer sur-

faces, in particular in combination with nanotomo-

graphy shown by Magerle23 and Konrad et al.27

However, in their procedure the examination of the
sample by SFM and the plasma apparatus have been
used as separated systems. Those ex situ LP plasma
treatments lead to time-consuming processes for relo-
cating the same sample spot generally resulting in a low
performance and in a reduced quantity and quality of
the SFM data. The development of the quasi in situ (QIS)
SFM,28,29 a novel SPM design, solves these problems,
conducting the sample treatment in a plasma cham-
ber located below the SFM scanner. Thus, experimen-
tal limitations of state-of-the-art in situ scanning tech-
niques are circumvented, and furthermore, LP plasma
or other aggressive treatments, which are impossible to
perform while scanning inside the SFM, are enabled.
This innovation opens new perspectives in resolving
both the structure of complex soft and hybrid materi-
als and the temporal development of the structure from
which important conclusions on the dynamic mecha-
nisms could be derived. In particular, the quasi in situ
working principle has been successfully used to follow
the details of the structural evolution of lamellar block
copolymers under solvent vapor treatment in the pres-
ence of high electric fields.30,31

The interest in nanopatterned block copolymer
films is approved by their versatile phase behavior and
tailor-made microphase separated structures both with
respect to their functionality and to the morphology.32

In linear ABC terblock copolymers, an intricate diversity
of structures becomes possible due to considerable in-
crease in the number of involved polymer�polymer
and polymer�surface interaction parameters. Earlier
studies on ABC block copolymers demonstrated that
confined structures are very sensitive to the changes in
the energetic interactions.33�37 Since the traditional
SFM technique is restricted to the surface characteriza-
tion, the complete 3D shape and orientation of micro-
domains in the imaged films remains elusive.

In this paper, we describe nanotomographic SFM in-
vestigations of thin films of a polybutadiene-block-
poly(2-vinyl pyridine)-block-poly(tert-butyl methacry-
late) (BVT) triblock terpolymer and of its hydroxylated
analogue HO�BVT in which the polybutadiene (PB)
block was functionalized with hydroxyl groups via oxi-
dative hydroboration. This chemical modification dras-
tically increases the surface energy of the PB block and
is expected to influence the terpolymer microphase
separation in thin films. Using a novel SFM nanotomo-
graphy technique, we probe the volume structure in
the interior of the films of the above-mentioned ter-
polymers in great detail with unprecedented depth
resolution.

RESULTS AND DISCUSSION
Determination of the Etching Rate. For a reliable 3D recon-

struction of the structures, detailed knowledge of the
etching behavior of the complex polymers studied is a

Figure 1. Successive LP plasma etching of a B14V18T68
165 triblock ter-

polymer thin film with the QIS SFM. Cut outs of the postprocessed SFM
images (0.73 � 0.73 �m2). Upper rows are topography, and lower
rows are phase information. The average thickness of the removed lay-
ers is shown in the top right of the topography images based on the
etching rate displayed in Figure 2b. The raw data was acquired by scan-
ning areas of 3 � 3 �m2 with a resolution of 1024 � 1024 pixels with
TappingMode SFM imaging. The scan area was not changed during
data acquisition. The total time to acquire the raw data set is �207 min
(3.45 h).
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prerequisite. The thickness of the removed layers is a
critical parameter in the reconstruction algorithm (de-
noted as product n �d�, where n is the number of lay-
ers, and d is the constant thickness of the removed
layer).23 The calculated thickness of the removed layer
determines the surfaces Sn on which the property Pn is
measured (zn (x,y) � n �d�).23 In particular, if the
etched material consists of several polymer compart-
ments, then it is necessary to study the film thickness
dependence in detail to avoid errors in the calculation
of the 3D reconstruction. We note that only in the sim-
plest case the parameter �d� is constant. Conse-
quently, we use the QIS-SFM to study the thickness de-
pendence versus the cumulative etching time of both
the block copolymer films and the films from respective
homopolymers.

For PB, poly(2-vinyl pyridine) (P2VP), and PtBMA,
we found a linear etching behavior with rates of �25,
�11, and �77 nm/min, respectively. The hydroborated
PB (HO�PB) exhibited a nonlinear etching behavior
with an initial rate of �15 nm/min minutes followed
by a three times faster etching rate after prolonged
etching time. The high etching rate of PtBMA can be ex-
plained by its general instability, which has also been
observed for UV light or electron beam.37,38 Thus, in all
cases, the PtBMA matrix is removed first during the nano-
tomographic experiments.

Figure 1 shows a series of SFM scans for a thin film
of the B14V18T68

165 polymer. For B14V18T68
165 we found a

linear decrease of the film thickness as a function of the
cumulative etching time. The rate amounts to (�40.7
� 0.8) nm/min (see Figure 2b). For the hydroxylated
polymer HO�B14V18T68

165 (Figure 3), we determined an
etching rate of (�28.7 � 1.0) nm/min (see Figure 4b),
which is smaller than that of the unmodified block ter-
polymer. This can be explained by the reduced number
of CAC double bonds (as a result of the partial hydrox-
ylation of the polybutadiene compartment) providing
less reactive sites for the plasma-induced bond cleav-
age. After 44 s, however, the rate increases significantly
up to (�94.0 � 7.6) nm/min. We attribute this behav-
ior to the combined effect of the nonlinear etching rate
of the HO�PB and to the rapid degradation of the ma-
jority PtBMA component. Additionally, a considerable
roughness of the sample develops with the etching
progress (to be discussed below), which renders the
plasma processing more effective.

QIS SFM Nanotomography of B14V18T68
165. In order to re-

solve the surface changes, especially while removing
the very first material layers, we started with two short
etching steps resulting in a controlled material ablation
down to 1 nm. To increase time efficiency, in the follow-
ing processing steps the polymer film was etched by
successively removing approximately 5.4 nm thin lay-
ers with a constant etching rate of (�40.7 � 0.8) nm/
min (Figure 2b). In Figure 1a, the sample surface prior
to LP plasma treatment is displayed. The topography

image reveals coexisting features of dark stripes and

dots embedded in a bright matrix. The corresponding

phase image provides the information about two

phases with divergent mechanical properties. The po-

lybutadiene compartment which is above the glass

transition Tg at room temperature represents the dark

color and therefore the soft material. Moreover, the

bright and consequently the rigid matrix can be attrib-

uted to the two glassy polymer blocks (P2VP, PtBMA). In

addition, due to the similar surface tension � of PB and

PtBMA (24.5�32.039,40 and 30.5 mN/m, respectively),41

both compartments are expected to segregate to the

free surface unlike P2VP, which is attracted to the po-

lar silicon substrate. Therefore, we anticipate that the

surface layers are composed of PB and PtBMA. Previ-

ous investigations on BVT microphase separation in thin

films corroborate this notion.37

Figure 2. A 3D reconstruction of a B14V18T68
165 triblock terpolymer thin

film. (a) Nanotomographic volume image (250 � 250 � 15 voxels) dis-
played as isosurface. The 3D image was reconstructed from the series
of phase and topography images shown in Figure 1. The P2VP com-
partment (red) represents the rigid polymer block. The matrix material
PtBMA is transparent. A distorted core�shell cylindrical structure con-
sisting of PVP cylinders partially filled with PB is visible. The small pits
are caused by indentation of the SFM tip into the soft PB and faster
etching of PB compared to P2VP. The inset exemplarily shows a single
core�shell object. (b) Film thickness vs cumulative etching time.
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With continuous LP plasma treatment, the hard Pt-

BMA block is affected first (Figure 1b and c). Already

after 7.5 nm material ablation, the matrix has been al-

most completely decomposed (Figure 1d) revealing

round-shaped core�shell structures consisting of a soft

PB core, as can be seen in the respective phase image,

surrounded by a harder material, which can be identi-

fied as the remaining glassy block, the P2VP. After the

next etching step, the PB phase is almost completely re-

moved. However, the round-shaped objects still have

a depression in the middle which corresponds to a

weak phase contrast in the phase image (Figure 1e).
With a material erosion of 18.3 nm (Figure 1f), the po-
lybutadiene compartment is completely removed, and
the round-shaped structures do not reveal any phase
contrast. Thus, we draw the conclusion that the PB
block is located near the free polymer�air interface,
not penetrating the core�shell structures throughout
the whole film thickness. Prolonged LP plasma treat-
ment finally leads to the stepwise destruction of the
P2VP compartment as well. The polymer�substrate in-
terface, however, consists of a wetting layer of P2VP as
displayed in Figure 1h. Here, the topography shows a
rather smooth surface, but the phase image reveals that
it is still covered with a thin polymer layer. This brush
wetting layer has already been shown by Ludwigs et al.
for a different PS-b-P2VP-b-PtBMA triblock terpolymer
system.42 The bare silicon substrate is reached after a
material ablation of 34.6 nm (Figure 1i).

In the following, the phase images and the corre-
sponding height information were used for the 3D re-
construction of the B14V18T68

165 thin film structure. Fig-
ure 2a displays a real-volume reconstruction of the
polymer film. For clarity, the PVP compartments are
shown in red, and the matrix material PtBMA is trans-
parent. The inset highlights a typical feature of the mor-
phology, i.e., a cylindrical structure composed of P2VP
with a dip in the center. This dip corresponds to the de-
pressions in the topographic images attributed to the
PB phase. The overall 3D representation leads to the
conclusion that the triblock terpolymer forms PB�P2VP
core�shell cylinders, some of which are distorted in
shape. Due to the low surface energy of the PB block,
the cylinders are dragged to the film surface. In contrast
to the morphology one would anticipate by simply
evaluating typical surface SFM images, the core�shell
structure does not penetrate the whole film thickness
but only forms at the surface. Deeper in the film, the cyl-
inders are solely composed of P2VP. This can be ex-
plained by the fact that the P2VP middle block tends
to preferentially wet the polar silicon substrate, while
the short PB compartment segregates to the free sur-
face. Thus, the 3D structure obtained from the QIS SFM
data yields insights into the phase-separated struc-
tures of the single thin film compartments with a high
resolution and accuracy that cannot be achieved by
other volume imaging techniques.

QIS SFM Nanotomography of HO�B14V18T68
165. Figure 3 dis-

plays results of the successive LP plasma treatment of
a thin film of the HO�B14V18T68

165 triblock terpolymer. It
is clearly seen that the morphology has changed signifi-
cantly upon hydroxylation. The surface shown in Fig-
ure 3a is rather flat with no clearly recognizable fea-
tures. Only the phase image shows some fuzzy round-
shaped domains. In contrast to the unmodified sample,
the hydroxylated polybutadiene compartment does
not preferentially segregate to the free surface any-
more. Due to the implemented polarity, the surface ten-

Figure 3. Successive low-pressure plasma etching of a HO�B14V18T68
165

triblock terpolymer thin film with the QIS SFM. Cut outs of the postpro-
cessed SFM images (0.58 � 0.58 �m2). Nine of 14 process steps are ex-
emplarily displayed. Upper rows are topography, lower rows are phase
images. The average thickness of the removed layers is shown in the
top right of the topography images. The raw data was acquired by
scanning areas of 3 � 3 �m2 with a resolution of 1024 � 1024 pixels
with TappingMode SFM imaging. The scan area was not changed dur-
ing data acquisition. The total time to acquire the raw data set is �325
min (5.4 h).
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sion of this block is increased, so that in the hydrobo-
rated terpolymer the PtBMA is the compound with the
lowest surface energy. This results in an almost homo-
geneous PtBMA wetting layer at the free surface, which
can hardly be penetrated by the SFM tip. After the first
etching step (2 s), in both topography and phase im-
ages, the round-shaped and elongated domains ap-
pear. After an additional 8 s of treatment, the domains
develop into a microphase separated morphology, as
the sensitive PtBMA matrix degrades upon plasma
treatment. During this time period, a thin polymer layer
of 4.8 nm was removed (Figure 3c). As shown in Figure
3c�f, with continuous plasma treatment the structures
develop more clearly. For the first seven etching steps,
we have found a constant etching rate of �28.7 � 1.0
nm (Figure 4b). After a material ablation of 20 nm, an in-
creased etching rate of �94.0 � 7.6 nm was found.
This observation is accompanied by an increasing de-
struction of the microdomain morphology, as shown in
the topographic SFM images in Figure 3g�i. In conse-
quence, the surface roughness increases resulting in an
enhanced contact surface for the plasma. Continu-
ously structures were destroyed leading to additional
fragments or holes as seen in Figure 3h. After a material
ablation of 95.3 nm, flat objects remain on the silicon
substrate. However, a core�shell cylinder morphology,
as discussed for the B14V18T68

165 thin film, could not be
found at any etching step. Due to the hydroxylation of
the PB compartment and the possible formation of
intra- and intermolecular hydrogen bonds, the glass
transition temperature Tg of the HO�PB block in-
creases, resulting in an increased rigidity of the HO�PB
at room temperature.43,44 Moreover, the hydroxyl
groups enable supplementary interactions with the
P2VP that may lead to a reduced microphase separa-
tion between HO�PB and P2VP. These changes in the
materials properties of the former PB block makes it dif-
ficult to distinguish between the HO�PB and P2VP
compartments by SFM phase imaging.

In the 3D reconstructed image (Figure 4a), the Pt-
BMA matrix in which the objects are embedded is trans-
parent. For the calculation of the 3D reconstruction,
the nonlinear etching behavior (seen in Figure 4b) was
taken into account. Parts of the reconstructed image
arising from etching regime I are colored red, and re-
gime II is shown in gray. In the reconstructed QIS SFM
data (Figure 4a), short interconnected cylindrical do-
mains are predominantly oriented parallel to the film
at the free surface and partially penetrate the film to-
ward the substrate. A comparison with the SFM images
form Figure 3 shows that only after etching of about
5.0 nm of material the top layer consisting of PtBMA is
fully removed, and the underlying cylindrical structure
can be seen clearly. The cross-section in the inset in Fig-
ure 4a highlights a complex cylindrical structure where
only two phases can be distinguished. The structure
shows strong surface field determined behavior; the

segregation of the low surface energy PtBMA matrix to

the free surface drives the cylinders to be in-plane ori-

ented, while both enthalpic and entropic factors drive

the cylinder ends toward the silicon substrate. We note

that in the case of the nonmodified PB component,

the perpendicular orientation of cylinder domains was

driven by the segregation of the PB cylinder cores to the

air interface thus dragging the tops of the cylinders to

the top of the film. In consequence, the orientation of

the cylindrical domains can be controlled by tuning the

surface energy of the cylinder core component.

CONCLUSION
In summary, we have shown that the hydroxylation

of the polybutadiene compartment in a BVT triblock ter-
polymer strongly affects the microphase separation be-

Figure 4. A 3D reconstruction of a HO�B14V18T68
165 triblock terpoly-

mer thin film. (a) Nanotomographic volume image (250 � 250 � 45
voxels) displayed as isosurface. The 3D image was reconstructed from
a series of 14 process steps, 9 of them are exemplified in Figure 3. The
HO�PB and P2VP compartments represent the rigid polymer blocks.
The matrix material PtBMA is transparent. The nonlinear etching be-
havior of the material was taken into account in the calculation of the
isosurface and colored red and gray (regime I and II, respectively). The
inset shows cylindrical structures. (b) Film thickness vs cumulative
etching time. The nonlinear etching behavior is divided in two linear
regimes.
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havior in thin films and the orientation of the domains
with respect to the substrate. For B14V18T68

165 we found
round-shaped structures with a soft indentation em-
bedded in a glassy matrix which were identified as
polybutadiene�poly(2-vinyl pyridine) (PB�P2VP)
core�shell cylinders oriented perpendicular to the sub-
strate embedded in poly(tert-butyl methacrylate) (Pt-
BMA). Surprisingly, the PB core does not penetrate the
whole cylinder, a fact that could only be discovered us-
ing the nanotomographic imaging technique. Obvi-
ously, the low surface energy component PB effectively
drags the cylinders in the BVT to the top of the film.
The hydroxylation decreases the number of the CAC
double bonds in the PB block and introduces additional
polarity and hence the possibility to form intra- and in-
termolecular hydrogen bonds. This finally leads to an in-
crease in the glass transition temperature and the sur-
face energy of the HO�PB as well as an enhanced
interaction with the P2VP. Consequently, we observed
less distinct differences in the materials properties in
the SFM phase images. Both effects cause a structural
change which could be successfully demonstrated via
three-dimensional (3D) reconstruction of the scanning
force microscopy (SFM) data for the two specimen. For
the HO�B14V18T68

165 polymer film, we detected a com-
plex structure of a cylinder network with the structures
oriented predominantly parallel to the film plane at the
free surface and a perpendicular to the film plane next
to the substrate.

The described observations were enabled by a

quasi in situ (QIS) SFM nanotomography procedure

that solves the major limitation of conventional SFM

imaging techniques, which typically only allow in-

vestigating the surface of a sample, making it impos-

sible to deduce the nature of the underlying struc-

ture. In our experiments, we show with

unprecedented high depth resolution that thin poly-

mer films can be investigated tomographically by a

combination of topography and phase imaging after

successive surface erosion via low-pressure plasma

treatment. In addition, our setup circumvents the

well-known problems of the state-of-the-art ex situ

LP plasma treatments (reliability, practicability, and

manageability). In general, the plasma technique is

extremely flexible with respect to the sample treat-

ment. Thus, in the future, this technique can be ex-

panded by using various plasma gases attuned to

the specimens’ properties. Moreover, the fast grow-

ing SPM capabilities realize an improved sensing of

material features. Besides, instead of ablating ma-

terial during the etching treatment, the reverse pro-

gression (e.g., plasma deposition process) can be

easily achieved with the QIS SFM setup leading to

new insights into the growth of 3D structures. Fi-

nally, we note that the QIS SFM used in our experi-

ments has a large potential, which goes significantly

beyond the problem studied here.

METHODS
QIS SFM Nanotomography. QIS-SFM utilizes a modified commer-

cial SFM (Dimension 3100 equipped with a NanoScope IV SPM
controller, both from Vecco Instruments Inc., USA). The SFM pro-
vides a hybrid XY closed-loop scanner and software which al-
lows to control the instrument for custom experiments (Nano-
Script software option). A detailed description of the QIS SFM is
given elsewhere.28,29 In this work, the used setup additionally fea-
tures an automatic tip/sample separation and approach (subse-
quent movements of the z-stage of �4.8 mm with help of self-
developed NanoScript C�� applications). Moreover an
automatic and triggered grounding of the sample during scan-
ning is implemented. The plasma etching is performed with a RF
power of about 3 W at a process pressure of 5 mbar (atmo-
spheric air). Each of the SFM data sets is acquired with a specific
SFM tip (OMCL-AC160TS, Olympus, Japan) operating in Tapping-
Mode.

The obtained data sets are postprocessed using a bunch of
self-developed stand alone command-line programs (written in
C��) and suitable bash scripts in order to perform image regis-
tration and 3D image reconstruction, according to the algo-
rithm suggested by Magerle.23 Basically, the 3D image recon-
struction (voxelization) is performed by using three 3D matrices:
H for topographic data, P for phase data, and R for the recon-
structed 3D volume graphic. The property of the material P
(phase) is redistributed by using the height information H to cal-
culate a new z-index znew for the matrix elements R by linear
transformation of the H data into the z-index range of R (inte-
gers). The calculated 3D image data file is further processed and
visualized with commercial 3D software AMIRA (Visage Imaging
Inc., USA). Details on the measurement parameters, data evalua-
tion, 3D image reconstruction, and image processing are de-
scribed in the Supporting Information.

BVT Triblock Terpolymers. The two triblock terpolymers were syn-
thesized via sequential living anionic polymerization37 followed
by selective oxidative hydroboration (according to refs 43�46)
of the polybutadiene compartment. Thus, we obtained a
B14V18T68

165 triblock terpolymer and its hydroxylated analogue
and HO�B14 V18 T68

165 (the subscripts represent the weight frac-
tions of the respective block in weight %, whereas the super-
script denotes the total average molecular weight in kg/mol).
The average degree of modification of the CAC double bonds
amounts to 69%.

Thin Film Preparation. Thin polymer films were spin cast onto pol-
ished silicon wafers (5 mm � 5 mm) from a 5 mg/mL solution
of B14V18T68

165 and a 10 mg/mL solution of HO� B14V18T68
165 in

chloroform. For equilibration of the microdomain structures, the
chain mobility is significantly improved by controlled solvent va-
por treatment at a chloroform vapor saturation of 80% for 72 h.
To ensure reproducibility, the developed morphologies are
quenched with a constant flow of pure dried air.
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24. Dietz, C.; Röper, S.; Scherdel, S.; Bernstein, A.; Rehse, N.;
Magerle, R. Automatization of Nanotomography. Rev. Sci.
Instrum. 2007, 78, 053703.

25. Magerle, R. Lecture Notes in Physics; Springer-Verlag:
Heidelberg, Germany, 2002.

26. Chan, C. M.; Ko, T. M.; Hiraoka, H. Polymer Surface
Modification by Plasmas and Photons. Surf. Sci. Rep. 1996,
24, 3–54.

27. Konrad, M.; Knoll, A.; Krausch, G.; Magerle, R. Volume
Imaging of an Ultrathin SBS Triblock Copolymer Film.
Macromolecules 2000, 33, 5518–5523.

28. Hund, M.; Herold, H. Design of a Scanning Probe
Microscope with Advanced Sample Treatment
Capabilities: An Atomic Force Microscope Combined with
a Miniaturized Inductively Coupled Plasma Source. Rev. Sci.
Instrum. 2007, 78, 063703.

29. Hund, M.; Herold, H. Rastersondenmikroskop, German
Patent No. 102004043191 B4, May 24, 2006, International
Publication No. WO 2005083717 A1, September 9, 2005,
and US Patent Application No. 20080229812 A1,
September 25, 2008.

30. Olszowka, V.; Hund, M.; Kuntermann, V.; Scherdel, S.;
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