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Objectives

1. To understand skin effect

2. To determine length-to-diameter ratio

3. To maintain a safe ESD ground & meet “| ohm law”
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1. Problem Statement

Single Wire Stranded Wire  Braided Wire

Which one to select??




2. Skin Effect

Skin effect is the tendency of an AC current to
become distributed within a conductor such that the
current density is largest near the surface, and
decreases with greater depths in the conductor.

Skin depth: 63% electric current flows
at the skin of the conductor

Skin effect causes resistance of conductor to
Increase




3. Formulas

1. Skin Depth

 Vacuum Permeability
* Relative Permeability
« Conductivity

2. Current Frequency:
* Rise Time




4.1. Single Wire

Cross-section

Current flowed uniformly through a layer of thickness




Rise time (ns)

318.31

31.83

3.18

0.318

4.1 Single Wire

Frequency (MHz)

Skin depth (um)

65.19

20.62

6.52

2.06

Ratio I/d

12206

3860

1220

386




4.2 Stranded wire
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For example, when n=10, d; = 0.3162d
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4.2 Stranded wire

Rise time (ns) Frequency (MHz) Skin depth (um) Ratio I/d

38597.13

12205.48

3859.71

1220.55




4.3 Braided Wire

For example, when n=25, d; = 0.2d

[
nondsd

——————

Rstranded =




4.3 Braided Wire

Rise time (ns) Frequency (MHz) Skin depth (um) Ratio I/d

86300.35

27290.57

8630.03

2729.06




Length to Diarmneter Ratio

4.4 Ratio Against Frequency
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4.5 Length Against Frequency
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5. Comparison of Al, Cu and Ag Wires

Aluminum Copper Silver

Conductivity 3.50E+07 5.96E+07 6.30E+07

Relative

- 1.000022 0.999994 0.99998
Permeability




5. Comparison of Al, Cu and Ag Wires

Frequency (MHz)

Ratio I/d

Cu Ag

12206 12549

3860 3968

1220 1254

386 396




6. Conclusion

Single Stranded Braided
Length to Diameter Ratio

1. Skin effect is severe at high frequency.
— Diameter of every single wire >> skin depth,

2. Increasing frequency -> reducing skin depth.

3. Choose the most cost-effective ones & meets “1
ohm rule’.
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