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A round-robin test of the thermal expansion measurement for solid materials using
thermal mechanical analysis (TMA) has been carried out. Fourteen participating laboratories of
the test have measured linear expansion coefficients of single crystalline silicon and glass-like
carbon, both of which have been established as the thermal expansion standard materials by the
National Institute of Advanced Industrial Science and Technology (AIST), in the temperature
range from room temperature to 1000 K. For both sample materials, the average data of linear
expansion coefficients measured by all the participants were less by over 5 % than the corresponding
reference data determined by AIST using the interferometric dilatometer. The analysis of all
experimental results reveals that the measurement uncertainty of the results was mainly due to
the reference samples used in the calibrations of TMA. To improve the accuracy of the measurement,
it is very important to use reference samples having the same dimensions as the sample and
similar characteristics for thermal expansion of the sample.

Keywords: round robin test; calibration; reference material; TMA; thermal expansion; silicon;
glass-like carbon
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Table 1 Details of measurements by the participants.

KBTIy Foey

R

Participant Apparatus Apparatus Measurement Reference Thermo- Tempergture
maker model type sample couple correction®
Company
Cl SII TMA/SS6100 Total Silica K type Done
Cc2 Shimadzu TMA-60 Total Silica Unknown Not done
C3 Rigaku TMAS8310 Differential Silica Platinel Done
C4 Ulvac-Riko DL-9600 Total Silica R type Done
C5 Bruker AXS TD5010SA Differential Silica R type Done
Co6 Mettler Toledo TMA/SDTA841e Total Silica Unknown Not done
Cc7 SII TMA6100 Total Silica K type Not done
C8 SII TMA/SS6100 Total Silica K type Done
University
Ul Rigaku TMAS8310 Differential Silica Platinel Not done
U2 Rigaku TMAS8310 Differential Silica Platinel Done
U3 SII TMA100 Total Silica Unknown Not done
U4 SII TMA120 Total Silica K type Not done
Testing lab.
Ol Bruker AXS TD5010 Differential Silica Platinel Not done
02 PerkinElmer TMA7 Total Sapphire K type Not done

* Temperature correction using displacement changes caused by melting transitions of pure materials.
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Fig.1 Linear expansion coefficients of silicon as a
function of temperature obtained in the (a) second
and (b) third measurement runs. Symbols in this
figure represents as follows; AIST: solid line,
Cl: O, C2: A, C3: X, C4: +, C5: @, C6: @,
C7: N, C8: [, Ul: A, U2: v, U3: &, Ud: v,
Ol: |, 02: w.
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Fig.2 Linear expansion coefficients of glass-like carbon
as a function of temperature obtained in the (a)
second and (b) third measurement runs. Symbols

are the same as those in Fig.1.
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Fig.3 Deviations of the average data of the linear
expansion coefficients obtained in the second
and third runs from the reference data of (a)
silicon and (b) glass-like carbon. Symbols are

the same as those in Fig.1.
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Fig.4 Plots of (a) linear expansion coefficients of glass-
like carbon determined by using the silicon
sample as the reference in the calibration and
(b) their deviations from the reference data against

temperature. Symbols are the same as those in
Fig.1.
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