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Polymer materials are used in many industries because of the tunability of their properties. Large
variations in the materials’ properties are often achieved by blending different polymers together in a
homogeneous mixture. However, blends of polymers tend to phase separate causing failure of the
devices, in which such materials were used. Thermo-mechanical analysis was successfully used to
determine usable temperature range for these materials. In order to understand mechanisms involved
in phase separation of bends local analysis of thermo-mechanical properties is desirable. Currently,
several scanning probe microscopy based techniques for local thermal analysis exist (Transition
Temperature Microscopy (TTM) [1], Scanning Thermal Expansion Microscopy (SThEM) [2],
Thermally Assisted Atomic Force Acoustic Microscopy (TA-AFAM) [3], ZTherm [4] and Band
Excitation-NanoTA (BE-NanoTA) [5]). All these techniques are based on characterization of the
contact properties. Only two techniques (ZTherm and BE-NanoTA) are capable of providing
complete information about contact properties, such as contact stiffness, contact damping coefficient
etc.

This talk will be focused on BE-NanoTA method, which is the most versatile technique for contact
characterization of all the techniques presented above. It allows direct determination of the
mechanical properties of the tip—surface junction as a function of temperature by measuring
mechanical response in the band of frequencies and comparing it with the excitation signal spanning
the same band of frequencies. There are two implementations for this method. The first one is the
modification of the atomic force acoustic microscopy (AFAM) technique by mechanical excitation
and oscillation detection over a broad frequency range (band excitation (BE) technique), and by
using the heated tip probe (BE-AFAM). The second one is the use of the heated tip and thermal
expansion of the material combined in conjunction with the BE technique (BE-SThEM). The BE
technique used in the BE-NanoTA method provides direct measurement of the four parameters of
system resonance (resonance amplitude, resonance frequency, quality factor and phase).
Furthermore, a protocol that maintains a constant tip/surface pressure and reproducible contact area
during a temperature sweep has been reported, effectively extending the Oliver—Pharr method for NI
to local thermal analysis. This method also provides measurements of mechanical properties as well
as glass transition temperatures with sub-100 nm resolution. Specialized probes with a heater at the
end are required for both implementations of this technique. The AFAM-based implementation of
the method requires the use of the transducer to induce mechanical oscillations of the sample.

The applications of the BE-NanoTA technique for local measurements of Young’s modulus on PET,
[6] creation of glass transition temperature maps on phase separated SAN:PMMA blend as well as
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contact mechanics models necessary for quantitative interpretation of the measurements will be
discussed. [7]
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