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Introduction 

With the move of electronic devices toward higher frequencies, evaluating the conductivity 

of conductor materials such as copper foil has become increasingly important. In the 

millimeter-wave band, conductivity decreases significantly due to the skin effect, and the 

surface roughness and processing methods of copper foil have a large impact. A powerful 

method to quantitatively evaluate these effects is conductivity measurement using the Split-

Cylinder Resonator (SCR). 

 

When bonding dielectrics to copper foil, roughening is often applied to maintain peel 

strength. However, depending on the roughening method and morphology, even copper 

foils with the same roughness parameters (Rz, Ra) can show very different conductivities. 

Although smaller Ra generally means higher conductivity, large differences can exist even 

among foils with the same Ra. Therefore, in actual development, conductivity must be 

measured directly at the operating frequency. 

1. Measurement Principle 

The Split-Cylinder Resonator was originally designed for measuring dielectric constants of 

films, but by modifying the resonator for conductivity measurement, it can be applied to 

metallic foils. When the metal foil is inserted into the resonator, currents flow on the sample 

surface, reducing the Q-factor. By analyzing this reduction, the relative conductivity of 

copper foil can be determined. Measurements can be performed in the 10–40 GHz range, 

capturing the effects of surface roughness. Figure 1 shows the appearance of the Split-

Cylinder Resonator and the conductivity measurement procedure. Like in dielectric 

measurement, one sample can be measured in just 15 seconds, enabling high efficiency. 
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【Fig. 1: Split-Cylinder Resonator appearance and conductivity measurement procedure】 

2. Features of the Split-Cylinder Resonator (for Conductivity) 

- Measurement time: about 15 seconds per sample 

- High reproducibility: variation within ±2% for repeated measurements of the same sample 

- Capable of frequency characteristic measurement: possible evaluation at 10, 20, 28, and 40 

GHz by exchanging resonators 

3. Application Examples 

Due to the skin effect, currents concentrate near the surface at high frequencies. Therefore, 

copper foils with greater roughness cause longer current paths, reducing effective 

conductivity. Figure 2 shows measurement results of four copper foils with different surface 

roughness. As expected, conductivity deteriorates more in foils with greater roughness. 

 
【Fig. 2: Conductivity measurement example of copper foils with different roughness】 



This method is also effective for different metals. Figure 3 shows results for four metals 

polished to mirror finish to eliminate roughness effects. The results confirm that the 

conductivity of metals does not have frequency dependence. Theoretically, metals do not 

exhibit frequency dependence in conductivity from DC to 1 THz, and the experimental 

results matched this theory. 

 
【Fig. 3: Frequency characteristics of conductivity for different metals with mirror finish】 

4. Comparison with Other Methods 

The Split-Cylinder Resonator allows high-precision measurement at single frequency points 

in the 10–40 GHz range. The Fabry-Perot Resonator is effective above 23 GHz up to 170 GHz 

and beyond. In overlapping frequency ranges, both methods produce the same results, as 

shown in Figure 4. 

【Fig. 4: Comparison between Split-Cylinder Resonator (SCR) and Fabry-Perot Resonator 

(Broadband and D-band)】 



By using multiple measurement methods and confirming consistent values, absolute 

reliability increases. In practice, SCR and Fabry-Perot Resonators show identical 

conductivities at the same frequencies. 

5. Key Points in Instrument Selection 

When selecting a Split-Cylinder Resonator for conductivity measurement, the following 

should be confirmed: 

 

- Whether frequency characteristic data are available 

- Whether high-conductivity samples can be measured stably 

- Whether reproducibility data are published 

- Whether results are consistent with other measurement methods 

- Whether different metals show frequency-independent conductivity (as in Fig. 3) 

 

Note: Some instruments take as long as one hour per sample and show variations of ±20%. 

Therefore, careful selection is essential. 

Conclusion 

The Split-Cylinder Resonator is not only useful for dielectric measurements but also an 

excellent tool for conductivity evaluation. For copper foil manufacturers, substrate 

manufacturers, and device makers, it serves as a compass for design. With measurements 

achievable in about 15 seconds per sample, its speed and precision support next-generation 

high-frequency material development and reliable circuit design. 
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