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Verification of Analytical Model for Wiring Inductance with Measurement
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Abstract In this paper, we verify an analytical model for wiring inductance extraction called “Grover’s Formula”.
This model consists of two approximate expressions, which are expressing mutual inductance of parallel two wires
of any spatial relationship, which based on Neuman’s formula and self inductance with using geometrical mean
distance (G.M.D.) and arithmetic mean distance (A.M.D.). Using this model, we extracted wiring inductance and
we show measurement results of scaled-up inductors patterned on printed circuit boards (PCBs). The maximum
error of the analytical model in self inductance was less than 18%, and in mutual inductance, it was less than 16%.
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Table 2 Maximum error of self inductance.

2.2inch | 4.4inch | 6.6inch | spiral
width 0.1mm | -13.8% | 8.5% 7.2% —
width 0.4mm | -13.3% | 9.3% 10.7% | -9.2%
width 0.9mm | -18.0% | 8.7% | 12.6% |-11.0%
width 1.9mm — 10.0% | 12.8% |-14.6%

£3 BHOA Y5 RAOEERZE (¥ nH)
Table 3 Standard deviation of self inductance.

width | 2.2inch | 4.4inch | 6.6inch | spiral

o 0.lmm | 2.075 7.780 11.35 —

analytical model 55.26 125.9 202.5 —
a 0.4mm | 2.418 7.122 15.75 | 3.647
analytical model 44.04 103.3 168.5 | 99.96
o 0.9mm | 2.190 5.213 16.55 | 3.421
analytical model 36.17 87.38 144.4 | 83.89
o 1.9mm — 4.862 13.54 | 3.500
analytical model — 72.01 121.2 | 68.51
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Table 4 Maximurm error of mutual inductance.

2.2inch | 4.4inch | 6.6inch
width 0.1lmm | -15.3% | 13.7% | 10.8%
width 0.4mm | -15.1% | 10.0% | 6.7%
width 0.9mm | -16.2% | 2.0% 4.8%
width 1.9mm - -8.6% 3.1%

%5 MEAYY Y5y AOEERE (B nH)

Table 5 Standard deviation of mutual inductance.

2.2inch | 4.4inch | 6.6inch
expected value | 3.926 7.853 11.78
width 0.1lmm | 0.4229 | 0.6900 | 0.6943
width 0.4mm | 0.3587 | 0.4136 | 0.5456
width 0.9mm | 0.3717 | 0.1102 | 0.3393
width 1.9mm — 0.1757 | 0.3297
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