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Local Thermophysical Properties Measurements on Polymers using Doped Silicon 
SThM Probe: Uncertainty Analysis and Interlaboratory Comparison  
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Abstract 
We first assess Scanning Thermal Microscopy (SThM) with a self-heated doped silicon nanoprobe as a method for the 
simultaneous identification of the local thermal conductivity and phase transition temperature of polymeric materials. In a 
second step, results of an interlaboratory comparison and an uncertainty analysis involving three laboratories applying the 
same protocol of phase transition temperature measurement allow evaluating the repeatability, the reproducibility and the 
reliability of the method.  
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2.� Samples and setups  

2.1� Principle of the measurements 
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Figure 1: (a) SThM setup and (b) SEM image of a doped 
silicon probe. 
 
2.2� Samples 

 

Figure 2: (a) Thermomechanical measurements of PMMA 
samples for two types of surfaces. (b,c) Topography images 
obtained by AFM of a PMMA sample surface prepared using 
(b)�ultra-microtomy and (c) usual microtomy.  
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Table 1: Phase transition temperature and thermal 
conductivity of the studied reference bulk samples [2]. 
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(i) The expanded uncertainty associated to the determination of phase change 
temperatures is estimated between 1.2 K and 2.5 K except for PVC where it 
is of 7 K. 
(ii) The expanded uncertainty associated to the determination of thermal 
conductivity at 23 °C is estimated to 5 %. 
(iii) From provider.  
�
2.3� Setups 
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Table 2: SThM setups. 
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3.�  Simultaneous analysis of thermal conductivity 
and phase change temperature 

(���1���#������ �������#� 1���
��1����
� �J�J� ����1���
���'
������#���'��������������������1�����
���1���
��1����
�
*�������@��1�'�*��������+/������J�:����
���1���
��1�����
���������������@�������*��������������#�'��������'�������������
�
�
� ���1���
��'�*����� ����+/������� ��������'�*�������
������
��1�J�(�����������'����@��������
����������1�����
����TpJ��

3.1 Calibration in temperature�
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3.2 Calibration in thermal conductivity 
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Figure 3: Calibration of a DS probe for thermal conductivity 
measurement. 

3.3 Measurement procedure 
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3.4   Results and discussion 
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Figure 4: Measurements for PS and PET samples as a 
function of �T = (Tp-Ta) : (a) thermomechanical data and (b) 
power P and global thermal conductance dP/dTp . 
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Figure 5: Phase change temperatures measured using SThM 
versus those measured using DSC.  
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4.� Uncertainty analysis and measurement inter-
laboratory comparison results 

4.1� Protocol for measurement and blind comparisons 
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4.2� Uncertainty analysis 
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Figure 6: All the calibration data, independently plotted for 
data obtained prior (cal1) and after (cal2) measurements. 
Data are already converted to temperature to be mutually 
comparable and to show the typical calibration curve shape. 
The dashed line is the linear fit.  

�
Figure 7: Results on the five test samples (Table 3), including 
different probes and different evaluation methods. Error bars 
are showing the expanded uncertainty (k = 2). Points are 
slightly mutually shifted in the x-axis direction for better 
visibility. 
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