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Micro-hole diameter and depth measurement method
utilizing eddy current effect
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Abstract: In order to identify non-contact measurement of micro-hole diameter and depth, this paper proposes a measurement method
utilizing eddy current effect. The measuring coil, composed of a single-layer multi-turn coil, traverses evenly over the target body during
the micro-hole measurement process. The time variation of the coil’ s inductance correlates directly with the micro-hole’ s diameter. A
linear relationship exists between the peak value of the coil’ s inductance and the square of the micro-hole’ s diameter, where the slope of
this linear relationship is proportional to the depth of the micro-hole. According to the equivalent eddy current ring model, a
mathematical model was established between the coil” s inductance value and the micro-hole’ s diameter and depth. The influence law of
the micro-hole diameter and depth on the coil’ s inductance value during the measurement process was analyzed by COMSOL finite
element simulation. The simulation results were consistent with the analysis of the equivalent eddy current ring model. The eddy current
measurement system for micro-hole diameter and depth was established, achieving measurements for diameters of 1. 5~5 mm and depths
of 0.1~0.5 mm. When the micro-hole diameter is larger than 3 mm and depth greater than 0. 3 mm, the relative error in the diameter
measurement stays within £2%. The resolution of the depth measurement is 0. 01 mm. When the diameter of the micro-hole exceeds
2.5 mm, the measurement error of depth is less than 0. 02 mm.
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Fig. 1 Eddy current measurement of micropore diameter and depth
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Fig.2 The relative position relation between eddy current ring within the target and microhole during the measurement process
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Fig.7 Equivalence of eddy current density in eddy current ring
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Fig.8 Measurement coil simulation model
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Fig. 11 Effect of lift height on peak induced current density
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Fig. 12 Influence of coil inner diameter on

coil inductance variation

D5 FLAS RANLR B 52 i A 2K it 0 5 2 e 0 A O
SRR 1 PR

| —— W R
14 ¢
13F
12
11
10 f
9F

P25 ) e R AG R /%

L
—TTT

0 35 40 45 50 5 60 65
00 B2 £ P T 0/ I
Pl 13 24 PB4 2 P R

Fig. 13 The influence of coil turns on coil inductance variation
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diagram of microporous measurement
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Fig. 15 Coil inductance changes during scanning
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Fig.21 The microholes in the target plate MALEZED > 3 mm J;—;Q}L{;EE h=0.3 mm Hﬂ‘jﬁi}LE
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Fig. 23 Micropore diameter measurement
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300 relative error distribution diagram
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Fig. 22  The relationship between the number of N, BALEE R > 0.5 mm B}, B TR B 4E | 2R B
samples and the diameter of the micropore XofFL TR BE I i RE ) T Wi o I IBURAL IR A I e AR A
0.1~0.5 mm,
*3 RHALEENEE
Table 3 Micropore diameter measurements
HA&/mm 1. 50 2.00 2.57 3.00 3.50 4.00 4.50 5.00
h=0.1 1.362 1.893 2.491 2. 889 3.587 4.018 4. 450 4.989
h=0.2 1.395 2.057 2.516 2.931 3.628 4.018 4.458 4.998
h=0.3 1. 445 1.976 2.591 3.036 3.628 3.952 4.516 4.956
h=0.4 1. 487 1.985 2.574 3.019 3.562 4.023 4. 475 4.973
h=0.5 1.503 1.985 2.557 3.003 3.570 3.968 4.542 4.981

GO A BRITT B SR b g 453 V. il 25 mEde S A BROCHT BB A BRES SR I 17 AT R
B D RN 25 Bion , A0 A ROTO g S L RIS AT B AR
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Table 4 Relative error of micropore diameter measurement
HAA/mm 1.50 2.00 2.57 3.00 3.50 4. 00 4.50 5.00
h=0.1 -9.19% -5.33% =-3.07% =-3.69% =-0.37% 0. 46% -1.12% -0.21%
h=0.2 -6.97% 2.85% -2.11% -2.30% 0. 78% 0. 46% -0.93% -0.05%
h=0.3 -3.65% -1.18% 0. 80% 1.20% 0.78% -1.21% 0.36% -0. 88%
h=0.4 -0. 89% -0.77% 0. 16% 0. 63% -1.06% 0.57% -0.56% —-0.55%
h=0.5 0.22% =0.77% -0.49% 0.10% -0.83% =0.79% 0.93% -0.38%
70 —*—&~0.lmn Rk Z BB KRWME 26 Biw, 58 k5 h BRE %5
—e— /=0.2 mm R
6 | —a— /=0.3 mm %j}
—v—h=0.4 mm _ 2 2 _
sk > 1=0.5 mm h =2.380 8kt +0.733 5k -0.061 8 R =0.999 2
= | X «— h=0.6 mm 040
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=® 3| —e— /=0.8 mm 035 /
—*—h=09 mm E
2t —+—4=1.0mm g 030 /
=
1r K 025
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0 X " . . , o
1 2 3 4 5 6 = 020 /
MAEE/mm o015t .
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Fig.24  Measure the relationship between the signal

voltage peak and the diameter of the microhole
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Fig.26 The relationship between the depth of
the hole and the slope of the fitted line
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Table 5 Data fitting results of ,/V, and D

LA/ mm WG A R?
0.1 JV, =0.148 6D + 0.325 2 0.992 6
0.2 VV, =0.2111D +0.3239 0.996 8
0.3 V. =0.2676D +0.3285 0.997 3
0.4 V., =0.309 8D + 0.327 2 0.997 9
0.5 V/V, =0.3564D +0.326 6 0.998 6

MG 5 ISR E LR h 5 G HAR

= /=0.1 mm
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R R R
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—0.04
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Micropore depth measurement error distribution
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Fig. 27
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Table 6 The measured results of the micropore depth (mm)

L AL B
R : 0.1 ‘ 0.2 : 0.3 : 0.4 ‘ 0.5 :

A E w2 HUEERIER R WA E R IEEREES w2 FHE WwE
1.50 0. 090 -0.010 0.179 -0.021 0. 281 -0.019 0. 435 0.035 0. 540 0. 040
2.00 0. 088 -0.012 0.208 0. 008 0.307 0. 007 0.377 -0.023 0. 465 -0. 035
2.57 0.102 0. 002 0.209 0. 009 0.322 0.022 0.390 -0.010 0.509 0. 009
3.00 0. 109 0. 009 0. 198 -0.002 0.321 0.021 0. 390 -0.010 0. 504 0. 004
3.60 0.109 0. 009 0.197 -0. 003 0. 305 0. 005 0.384 -0.016 0. 500 0. 000
4.00 0. 100 0. 000 0. 191 -0. 009 0. 305 0. 005 0. 403 0. 003 0. 498 -0. 002
4.50 0. 095 -0. 005 0.192 -0.008 0.294 -0. 006 0.387 -0.013 0.511 0.011
5.00 0. 096 -0. 004 0. 205 0. 005 0. 305 0. 005 0. 403 0. 003 0. 500 0. 000
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