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Motivation 

Improved Q-characteristics of high-frequency coils
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Current Layer d, δ vs. f
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Analytic expression for skin depth 
(J.D Jackson, Classical ED):
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Behavior at High f 
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Cu-Ni Wire Loop
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Cu-Ni Wire Loop
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R versus f and ℓ
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L versus f and ℓ
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L versus f and ℓ, Inset
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Q versus f and ℓ, Inset
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Cu-Loop, Line Plot: jPhi
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Ni(50μm)-Cu Loop, jPhi

0000 0.0002
arc length [m]

0.0000 
-1.0E+09

0.0E+00

1.0E+09

2.0E+09

3.0E+09

0.0000 0.00
arc length [m]

jPhi (A/m2 )

10 Hz

fmax = 1.6×103 Hz

100 Hz

0.001
arc length (m) arc length (m)     

line 

jϕ

1600 Hz

Loop



16.10.2009 16Milan, 

Skaling
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Skaling
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Plated Coil
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Plated Coil
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Q of Plated Coil
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Measurement
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1. R, L and Q of plated loops and coils can be simulated with the classical 
electrodynamics AC/DC module of COMSOL

2. For each plating thickness there exists a regime where Q is much larger 
than for pure copper or pure nickel loops and coils

3. A true application of this phenomenon is not yet found, if not for the power 
transfer by magnetic resonance (Science, 317, p83, 2007)   

4. Excellent agreement between simulation and experiment can be found at 
modest frequencies below 10 MHz

5. Comparison between simulation and experiment at higher frequncy is not 
possible due to a stray capacitance and the occurence of a resonance

Summary




