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Abstract: To meet the high-precision alignment requirements of wafer assembly, a multi-view visual
alignment method based on robust global optimization was proposed, and a corresponding performance
evaluation framework was established. First, multi-target information was obtained using multi-view vi-
sion, and the pose was estimated by fusing the target information through a nonlinear least-squares objec-
tive function. Second, the target residuals were normalized according to measurement accuracy thresh-
olds, and the Huber loss function combined with an iterative reweighting method was used to automatical-
ly reduce the weights of abnormal targets, thereby suppressing the influence of scratches and other errors.
For the optimization process, an Armijo adaptive backtracking line search strategy was embedded into the
Levenberg-Marquardt (LM) algorithm to improve convergence stability and efficiency. Furthermore, co-
ordinate mapping and a rotation-induced displacement compensation model were established to realize er-

ror propagation and motion compensation. An angle - displacement coupled intersection-over-union (AD-
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ToU) metric was proposed, and two-layer wafer alignment experiments were conducted. The results show

that the proposed robust global optimization-based iterative method reduces the number of convergence it-

erations to approximately three. When a micron-level local target deviation of 4 pm is introduced, the

mean AD-IoU decreases by only 0. 06% , verifying the iterative efficiency and robustness of the proposed

method.
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Fig.1 Flowchart of the proposed robust global-optimization-based multi-view alignment
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Fig. 2 Geometric schematic of multi-target alignment for

two-layer wafers
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Tab.2 Pose information of the reference targets

Pose
Mark1 Mark2 Mark3 Mark4
parameters
X/pixel 1325.5 1232.0 1407.5 1432.5
Y/pixel 1203.5 1162.0 1233.0 1190.5
o/ (%) 89.59 —88.97 —89.12 88.62

R3 HERRUENSEER

Tab.3 Pose information of the targets to be aligned

Pose
Mark1 Mark2 Mark3 Mark4
parameters
X/pixel 1535.0 1445.0 1562.5 1579.5
Y/pixel 972.5 1007.5 1005.5 1028.0
o/ (%) 89.71 —88.85 —89.01 88. 74
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Fig. 11 Convergence comparison between the LM and

the step-size-optimized LM
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Tab.4 Alignment comparison of different methods

Avg.
Method AD-IoU  Std. dev. | i
iterations
LM 0.9845 0.0044 10.2
Huber-LM 0.9871  0.0034 6.7
Tukey-LM 0.9870  0.003 3 6.3
Huber-Armijo-LM  0.9878  0.003 1 3.1
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robust iterative optimization vs. rigid solution
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