Not just a pretty
small picture
ince scanning tunnelling microscopy and
atomic force microscopy were developed in
the 1980s and harnessed to produce the first
three-dimensional atomic resolution images
of surfaces, the past decade has seen the
invention of a plethora of associated imaging techniques. All use the capability of a minute probe to
be scanned or ‘rastered’ across a surface with
nanometre precision - the umbrella term for these
techniques is scanning probe microscopy (SPM). In
the latest developments. this year has seen the
advent of two new techniques that provide not only
high-resolution visualisation of surface topography
but materials characterisation capabilities as well.
Micro-thermal analysis (µTA) works in a similar
way to thermal analysis of bulk materials but heats
a minute surface area to obtain Iocalised information
about the surface thermal properties in addition to
topographic imaging. Pulsed force mode (PFM)
determines local surface stiffness and adhesion
properties. These modes can be used separately or
in tandem to identify surface components and their
properties.
Micro-thermal analysis has developed from pioneering research carried out by Hubert Pollock and
Azzedine Hammiche at Lancaster University in conjunction with Mike Reading at Loughborough
University These developments are now enjoying
commercial success in the form of the µTA 2990
Micro-Thermal Analyser an instrument available

from TA Instruments Inc / TopoMetrix Corporation.
The hardware not only gives micro-thermal analysis
capabilities, but also enables the full range of SPM
modes to also be used for surface characterisation.
The micro-thermal analyser uses a probe made
from Wollaston wire, which behaves as a tiny resisttance thermometer The probe acts as both an active
heat source and a thermal sensor simultaneously. A
laser reflects off a mirror on the probe assembly on
to a photodetector. As the probe is rastered laterally
across a material's surface, changes in the reflected
laser spot position on the photodetector are used to
generate a topographic image of the sample. At the
same time, a current is applied to heat the probe
The changes in the DC and AC components of the
applied current are used to generate DC and AC
thermal images of the surface material, which provide information on the surface conductivity and diffusivity.
The probe can then be placed at various points on
the surface of the material and a heating regime is
applied. The change in the probe’s position perpendicular to the surface is used to track expansion,
softening, melting and glass transitions of the material This technique is called micro-thermomechanical analysis (µTMA) and is analogous to conventional TMA of bulk materials.
Thermal transitions in the material are measured
simultaneously by the probe using a technique
called micro-modulated differential thermal analysis
T
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Figure 1
Topographic (upper) and
thermal conductivity
(lower) images of a
paracetamol drug tablet
The right hand graph
shows µTMA (bold lines)
and µMDTA (dotted
lines) experiments at the
two labeled points on
the surface
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Figure 2
PFM adhesion images of a
spin cast PS/PMMA film
acquired at (left) 50°C and
(right) 1 10°C. The dark
regions are areas that
have high adhesion.
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(µMDTA), which is again analogous to its bulk counterpart. This is achieved by monitoring changes in
the power required to keep the amplitude of the AC
probe modulation constant d u r m g t h e h e a t i n g
regime. Components and phases in the surface
material can be identified from their onset and peak
transition temperatures. As just a tmy surface area is
analysed and heating and cooling rates can be as
high as 500°C per minute, therma1 signals can be
acquired in a matter of seconds, allowing high sample throughput.
Figure 1 shows an example of materials identification and characterisation using the techniques on
a paracetamol drug tablet. The topography i m a g e
alone reveals a rough surface texture but, in this
example, does not highlight different surface
species However, the thermal conductivity image
indicates the presence of a highly conductive component (bright area) on the tablet surface. Thermal
analysis was carried out at points on both conductive and non-conductive areas.
The derivative power signal (µMDTA) and sensor
signals (µTMA) clearly identify the two components.
The dark, low-conductivity area in the thermal
image shows a melt transition with an onset temperature close to 168°C - the melting point of bulk
paracetamol The high conductivity area shows no
major transitions below 250°C - this is a microcrystalline cellulose species on the surface. Such an
example highlights how micro-thermal analysis can
identify low concentration species that cannot be
detected using bulk thermal methods. Another
advantage is that only a minute area of the surface
is needed for analysis, so bulk thermal analysis techniques can be subsequently carried out.
Micro-thermal analysis has an ever expanding
library of applications In polymer science it is used
to pick out phases in copolymers and polymer
blends. Components of composite materials and surface coatings can be identified and interface regions
can be studied. In addition. by melting surface coatings, the coating thickness can be determined The
technique can also be used to characterise surface
crystallinity and cure and to identify different morphic forms.
The second new technique, pulsed force mode, is
an extension of AFM force-distance measurements
An AFM probe is oscillated perpendicular to the surface. An image is built up of ‘pixels’, or points at
which the probe makes contact with and pushes in
to the surface PFM electronics record the deflection

of the probe as a function of the distance moved by
the piezo-ceramic element to which it is attached.
This provides a measurement of surface stiffness as
a function of the increasing force.
A maximum force is set by the operator and is
used to measure the s u r f a c e topography The probe
is then retracted from the surface. The adhesion
force as the probe snaps off the surface is calculated
ed by the instrument. So altogether, three images are
acquired simultaneously - topography, local stiffness and adhesion. Quantifiable contrast mechanisms that represent individual surface properties
are obtained. In comparison, phase imaging, another AFM mode providing materials contrast, produces
only qualitative contrast mechanisms, which are
affected by several surface phenomena.
Pulsed force mode and micro-thermal analysis can
often be used in tandem to study the same surface.
In the example shown in figure 2, a hot stage is used
to study the behaviour of a spin cast polystyrene /
polymethyl methacrylate (PS/PMMA) blend as a
function of surface temperature. Using a TopoMetrix
Explorer instrument on top of a heating/cooling
stage, PFM images were acquired as a function of
sample temperature.
Figure 2 shows adhesion images acquired at 50°C
and 110°C. Dark areas in the images have high adhesion. One component is shown clearly forming circular droplets within a matrix of the second component. The adhesion of the circular droplets substantially increases at 110°C, which is above the glass
transition temperature of polystyrene. The system is
therefore high-adhesion PS distributed within a
PMMA matrix - the PS softens substantially above its
glass transition temperature causing a large increase
in surface adhesion. Stiffness data reveals the PS
droplets to be noticeably softer than the PMMA
matrix at 110°C.
PFM has huge potential in both materials and biosciences applications. Component identification on
polymers, coatings and composites is crucial for
materials scientists. The technique can be used to
locate surface contaminants and residues that cannot
be clearly characterised using topographic imaging.
In addition, PFM can be used in liquids to characterise biocompatible materials and cell structures.
In conclusion, the development of micro-thermal
analysis and pulsed force mode provides scientists
with two exciting new surface analysis techniques
that could prove invaluable surface chardcterisation
tools in a diverse range of applications.
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