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4 X4 Crossbar Micro-Electro-Mechanical System Optical Matrix Switches
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Abstract Optical switches made with micro-electro-mechanical systems (MEMS) technology bear advantages of both
MEMS and traditional optics. In this paper, 4 X4 MEMS optical matrix switches are proposed, in which on-off micro-
mirrors are arranged with crossbar switching network. Ball-lensed single-mode optical fiber collimators are used as input and
output ports, With theory of Gaussian beam coupling, the insertion loss (IL) of the optical matrix switches, and also its
main origins, i. e. the position misalignments and the angular misalignments, are calculated and analyzed. Some useful
conclusions are drawn to guide designing such devices. With the misalignment tolerances: 2 ym of input/output lateral
positioning misalignment, 0. 15° for input/output angular misalignment, and 0. 15° for micro-mirror angular misalignment,
the insertion loss of different channels in the pilot study is tested and the highest value of that is 2. 77 dB.
Key words optical communications; optical switches; optical dynamic component; micro-electro-mechanical systems
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Fig.1 Crossbar optical switching network for

4 X4 MEMS optical matrix switches
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Fig. 2 Structure and states of micro-mirror
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(a) “on” state of micro-mirror, (b) “off” state of micro-mirror
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Fig. 3 Illustration of single-mode ball-lensed

fiber collimator
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Fig. 4 Misalignments of fiber collimators
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Fig. 5 Relation between L and distance among micro-mirrors
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Fig. 6 Relation between L and lateral misalignment
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Fig. 7 Relation between L and angular misalignment
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Fig. 8 SEM of micro-mirror
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Fig. 9 Illustration of test platform for L measurement
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Table 1 L of different channels: theoretical calculation and measured values

Input ports
L /dB 1 2 3 4
Theory Measure Theory Measure Theory Measure Theory Measure
1 2.079 1.91 1. 436 1.24 1.674 1.52 2. 559 2.53
2 1. 398 1,42 0. 956 0.98 1,141 1,01 1,852 1.98
Output ports
3 1.314 1.56 1.01 1.12 1. 204 1.34 1. 946 2.06
4 1.973 2.05 1.522 1.65 1.766 1.81 2.668 2.77
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