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Polarization-Dependent and Polarization-Independent
4 X4 Free-Space Optical Switch

YANG Jun-bo, SU Xian-yu
(Department of Optoelectronics s Sichuan University, Chengdu, Sichuan 610064, China)

Abstract A novel 2X 2 optical switch, which consists of phase spatial light modulator (PSLM), polarizing beam-
splitter (PBS), mirror, half-wave plate (HWP) and quarter-wave plate (QWP), is proposed. This new kind of
configuration of the optical switch has the features of less optical components, compact structure, efficient
performance, and insensitiveness to polarization of signal beam. In addition, the straight and the exchange functions
of 2X 2 optical switch are implemented bi-directionally in free-space. A optical experimental module of polarization-
independent 4 X 4 optical switch is achieved by cascading polarization-independent bidirectional 2 X 2 optical switch
and is analyzed according to path control table. Simultaneously, a kind of polarization-dependent 4 X 4 optical switch
is also investigated for comparison, the exchange sort of the polarization-dependent 4 X 4 optical switch is achieved

by control of polarization state of signal beam for routing.
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Fig.1 Polarization-independent 2 X 2 optical switch
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Table 1 State-table of polarization-independent
2 X2 optical switch
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Fig. 2 Polarization-independent 4 X 4 optical switch
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Fig. 3 Polarization-dependent 4 X 4 optical switch
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Table 2 State-table of polarization-independent

4 X 4 optical switch
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Table 3 State-table of polarization-dependent 4 X 4 optical switch

Input PSLM Qutput Output
port 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 polarization port
0 0 P
1 0 0
1 1 1 0 S 1
1 1 0 1 0 0 0 0
1 0 1 P
1 1 1 1 0 0 S 2
1 1 0 1 0 1
1 1 1 1 P 3
1 1 0 1 0 0 S
1 1 0 1 P 4
0 1 0
1 0 0 1 1 S 1
1 1 1 0 1 0 1
0 0 P
2 1 0 0 0 S 2
1 1 1 0 1
1 0 1 P 3
1 1 1 0 0 S
1 1 1 P 4
0 1 1 1 S
1 0 0 1 0 1
0 1 0 S 2
3 1 0 0 1 1
0 0 P 3
1 0 0 S
1 0 1 P 4
0 1 1 0 1 S 1
A 0 1 S 2
0 1 0 S 3
0 0 P 4
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Table 4 Comparison of polarization-dependent and polarization-independent optical switch

Items Polarization-independent 4 X 4 optical switch Polarization-dependent 4 X 4 optical switch
Signal beam Polarization-independent Polarization-dependent
Directionality Bidirectional operation Bidirectional operation
Structural characteristic Compact and easy to integrate Very compact and easy to integrate
Control Very feasible and flexible Relatively feasible and flexible
Scalable Easy to extend Rather easy to extend
Element Phase spatial light modulator, polarizing beam-splitter, Phase spatial light modulator
mirror, half-wave plate and quarter-wave plate polarizing beam-splitter

Operational principle  Routing and switching can be accomplished based on phase spatial light modulator to control the

polarization of signal beams
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Table 5 State-table of polarization-dependent and polarization-independent optical switch performing optical transform

I PSLLM o
t tput
npu Node stage 1 Node stage 2 Node stage 3 utpd
port port
1 2 3 4 5] 6 7 8 9 10 11 12
0 1 0 1 1 0
(1234 (3142
1 0 1 0 0 1
(a) State-table of polarization-indenpendent optical switch
Input PSLM Output Output
port 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 polarization port
azsv |1 1 0 0 0 1 1 1 1 1 0 1 1 (SPSP) 3142

(b) State-table of polarization-dependent optical switch
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