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Alignment Analysis for Optical Interconnections Based on Singular Value Decomposition

Makoto NARUSE and Masatoshi ISHIKAWA

Department of Mathematical Engineering and Information Physics, Graduate School of Engineer-
ing, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656

We propose a theoretical method to analyze and characterize the alignment of optical systems by
using singular value decomposition (SVD) technique. SVD based mathematical approach has the
potential to be the foundation on which complex optical systems where tremendous number of
parameters are specifying the property of alignment are analyzed as well as providing a useful
design criterion for deriving optimum optical systems. One application is to identify critical
parameters for alignment systematically when aligning two-dimensional device arrays. Other
example is to characterize the sensitivity or accuracy of detection capability of misalignment
based on the ratio of the singular values of optical system. Another application is the characteri-
zation of optical systems including the dynamical properties. The information obtained through
SVD based techniques can be used to construct optical systems where attention is carefully paid

to critical parameters so that the alignment of the overall system is properly satisfied.
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Fig.1. The alignment problems for 2-dimensional device
arrays.
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Fig. 2. A modeling of photodetector array and optical
beams, and the definition of the alignment index.
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Fig. 3. A schematic of an optical system model used in the simulation.
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Fig. 4. The alignment evaluation vector derived by theory
and simulation.
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Fig. 5. Quadrant detectors on the detector array.
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Fig. 6. The condition number as a function of the distance
between pair of quadrant detectors and the normalization
factor.

Table 1. Distance between two quadrant detectors and its
corresponding condition number.

Distance between quadrant
detectors [mm] 2 15 1

Condition number (Theory) 4.0514 54019 8.1028

Condition number (Simulation) 3.4913 4.6228 6.1048
Residual (£) 1.8466 2.6313 4.2198
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