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Abstract: In this paper, we present an indirect method of elastic modulus measurement for various lamination layers
formed on polymer-based compliant substrates. Although the elastic modulus of every component is crucial for
mechanically reliable microelectronic devices, it is difficult to accurately measure the film properties because the
lamination layers are hardly detached from the substrate. In order to resolve the problem, 3-point bending test is conducted
with a film-substrate specimen and area transformation rule is applied to the cross-sectional area of the film region. With
known substrate modulus, a modulus ratio between the film and the substrate is calculated using bending stiffness of the
multilayered specimen obtained from the 3-point bending test. This method is verified using electroplated copper
specimens with two types of film-substrate structure; double-sided film and single sided film. Also, common dielectric
layers, prepreg (PPG) and dry film solder resist (DF SR), are measured with the double-sided specimen type. The results
of copper (110.3 GPa), PPG (22.3 GPa), DF SR (5.0 GPa) were measured with high precision.
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Fig. 1. (a) Micro-bending fixture for the 3-point bending test with
thin specimens. (b) Three types of specimens, i) bare
substrate, ii) double-sided specimen, and iii) single-sided
specimen.
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Fig. 2. Schematic of cross-section of actual specimen and trans-
formed area for a) double sided film and b) single sided
film.
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Fig. 3. Load-deflection graph of 3-point bending test for the three
types of specimens; Double-sided copper, single-sided
copper, and bare substrate.
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Table 1. Measurement of elastic modulus of the electroplated copper films obtained by two types of specimens; Double-sided copper

and single-sided copper.

i Thickness [pum] (=n E. i
1 183 154 29 5863 447 103.7
Singlg;fided 2 183 154 29 5923 452 1049 1027428
3 182 154 28 5470 429 99.6 E, =232 GPa
1 236 154 41 22603 4.75 1102 L=10 mm
DOUbg;SidEd 2 235 154 40.5 22911 4.90 113.7
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Fig. 4. (a) Three types of lamination film-substrate specimens;
copper, prepreg, dry film solder resist. Specimen unit size
is 5x20 mm. (b) Flexural modulus of the copper, prepreg,
solder resist specimens obtained by the indirect method.
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