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Abstract: Ceramic thin plates are widely utilized in various advanced technologies, such as fuel cells and heat dissipation
substrates, due to their high mechanical strength and thermal conductivity. However, the trend of thinning ceramic plates
increases warpage, which can critically affect product quality and reliability. Therefore, understanding and accurately measuring
this warpage has become increasingly important. In this study, a non-contact measurement method, the light sectioning technique,
was applied to measure the warpage of thin ceramic plates with a half-cell (anode/electrolyte) structure for solid oxide fuel cells
(SOFC) by varying their area and thickness. The relationship between the physical properties of the thin plates and the warpage
was analyzed. Additionally, a comparative analysis was conducted to evaluate warpage errors caused by compressive loads
during the traditional contact measurement process. Finally, to verify the reliability of the non-contact measurement method,
four types of non-contact measurement techniques - light sectioning technique, laser displacement measurement, optical confocal
technique, and white-light interferometry technique - were used to compare warpage data by orientation. The results were also
compared with those from contact measurement methods to analyze the average warpage values. Through this, the superiority
and high reliability of the non-contact measurement method were demonstrated.
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Fig. 1. Methods for quantifying warpage measurements: (a) Axis setting method in 2D representation and (b) example of warpage measurement

in a 3D representation.
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Fig. 2. Non-contact measurement principles and measurement processes categorized by surface shape analysis method: (a) light sectioning
technique, (b) laser displacement measurement technique, (c) optical confocal technique, and (d) white-light interferometry technique.

Table 1. Non-contact measurement classified by surface shape analysis method.

Light sectioning Laser displacement Confocal Interferometer
Resolution Within 1 pm Within 1 pm Within 0.01 um Within 0.01 pm
Full-profile measurement Yes Selectively Yes Yes Yes
Capable of measurin Possibility of rapid
Advantage P urng v i High resolution High resolution
large areas measurement
R Relatively low Selectively possible of full  Possibility of noise at Size limitations
Disadvantage : R .

resolution profile analysis the corners Need for surface finish

Previous research [22], [27], [28], [29] [30], [31], [32] [33], [34] [35], [36], [37]
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Fig. 3. Warpage as a function of ceramic substrate thickness: (a) 3D profiles and (b) directional 2D displacement curves.
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Fig. 6. Comparison of results between measurement methods: (a)
comparison of non-contact measurement methods based on
measurement direction and (b) comparison of the average measured
values between non-contact and contact bending methods.
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