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Abstract This paper proposes structured illumination microscopy that utilizes the global information in the curve of
modulation depth response to identify overlapping peaks and obtains the height of each surface of the thin film sample
analytically with an optimization algorithm under boundary constraints. Measurement of layer thickness distribution and
surface morphology reconstruction are thereby achieved in a manner of high thickness resolution, high accuracy, and rapid
calculation. According to the simulation analysis, the proposed method improves the thickness detection resolution from
483 nm to 175 nm under ideal conditions. Furthermore, experiments show that the proposed method reduces the number
of iterations and offers high repeatability accuracy.
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Table 1

Thickness measurement resolution by maximum-point method and GCF method under different system parameters

Ratio of modulation  Normalized spatial

Magnification

Thickness measurement resolution /nm

Numerical aperture - -
Maximum-point

coefficient (R/Rl) frequency (NA) GCF method
method
100 0.9 487 198
0.5 50 0.8 771 340
. 20 0.45 3920 1585
100 0.9 594 237
0.3 50 0.8 1252 448
20 0.45 6389 1760
100 0.9 483 175
0.5 50 0.8 762 313
0.5 20 0.45 3762 1316
100 0.9 588 194
0.3 50 0.8 1238 422
20 0.45 6101 1552
100 0.9 565 201
0.5 50 0.8 898 374
01 20 0.45 4111 1742
100 0.9 689 256
0.3 50 0.8 1458 497
20 0.45 6535 2033
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Table 2 Performance comparison of GCF method and unconstrained iterative method under different FWHM setting modes
Mode Default Theoretical Experimental Fixed
Value /nm (1,1) (696,696) (934,934) (800,696)
Variable range /nm [0,3000] [0,3000] [0,3000] Fixed
Number of iterations (unconstrained ) 87 21 52 15
Number of iterations (constrained by GCF) 44 2 16 2
Measurement error /nm (unconstrained ) 18.975 3.651 10.619 2.142
Measurement error /nm (constrained by GCF) 3.530 0.529 1.045 0.134
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Table 3 Performance comparison of GCF method and unconstrained iterative method in different start point of R,
Reflection coefficient R, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
RMSE of 50 iterations /nm(unconstrained ) 2.588 1.817 1.260 0.422 1.203 1.935 2.464 3.198 4.000 5.212
Standard deviation /nm(unconstrained ) 9.148 5.687 2.801 1.491 2.376 6.057 8.233 11.054 15.418 19.009
RMSE of 50 iterations /nm(constrained by GCF) 0.643 0.085 0.532 0.015 0.071 0.359 0.444 0.498 0.177 0.181
Standard deviation /nm (constrained by GCF)  1.846 1.611 0.716 0.136 0.684 1.657 2.174 2.468 2.529 2.775
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