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Simplified Calculation Method of Impedance of a Planar Coil in Consideration of the Influence Depending on Eddy Current 
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An eddy current sensors have various uses, for example metal detection and determination, nondestructive 
inspection, and position detection. However, there are few studies which show the influence of a conductor on the 
impedance of a detector coil using a theoretical formula. This paper shows the simplified calculation method on 
impedance of a planar coil that can be found from an equivalent circuit by considering that a conductor plate is one 
turn of coil which form changes according to displacement. The impedance corresponding to the overlap length of a 
conductor plate was calculated about the planar rectangular coil and the planar triangular coil. The calculated value 
was compared with the measured value and the calculated value of finite element method. The calculated value of 
impedance of rectangular coil and triangular coil agreed with the measured value within an error of ± 5.98 %. Mutual 
inductance between the planar coil and conductor plate was calculated from the area ratio of planar coil and overlap. 
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Fig. 1 Plane figure of planar coil and target. 

Table 1  Specifications of planar coil and target. 
Item Rectangular coil Triangular coil 

Size of coil s × l (mm) 10 × 10 9.6 × 9.6 
Width of pattern tc (mm) 0.2 0.2 
Spacing of pattern wc (mm) 0.1 0.2 
Number of layer 6 6 
Thickness of pattern 
tl (�m) 

12 (layer 1,6) 
35 (layer 2 ~ 5) 

12 (layer 1,6) 
35 (layer 2 ~ 5) 

Number of turns N (Turn) 5 (layer 1-5) 
4.75 (layer 6) 
Total  29.75 

5 (layer 1,3,5) 
4 (layer 2,4,6) 
Total  27 

Spacing of layer wl (�m) 150 150, 400, 200 
400, 150 

Resistance R1 (�) 3.00 2.13 
Inductance L1 (�H) 11.9 3.76 
Resonant frequency f0 (MHz) 24.9 28.2 
Size of target d × c × t (mm) 10 × 10 × 0.3 10 × 10 × 0.3 
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Fig. 2 Appearance of a planar coil overlapped with target. 
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(b)��The circuit which connected
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Fig. 3 Equivalent circuit of a planar coil and target. 
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Table 2  Analysis conditions. 
Item Contents 

Software Femtet ver 11.0.2.38951 (64 bit) 
Analysis condition Three dimensional analysis, Magnetic field 

analysis (f = 200 kHz, Im = 20 mA) 
Analysis domain 50 × 58 × 40 mm 
Number of elements About 600,000 

Material Coil : Cu (�r = 1.0, � = 5.977 × 107 S/m) 
Target : Al (�r = 1.0, � = 3.767 × 107 S/m) 
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Fig. 8 Comparison result of each method. 
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