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Two Novel Methods for Polarization Transformer Using Rotatable Waveplates
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Abstract: High accurate state of polarization (SOP) converting, low cost, low insert loss, and simple control
algorithms are vital for polarization transformers. A novel method of polarization transformations using two quarter
wave plates (QWP) and a half wave plate (HWP) realizing transformation between arbitrary states of polarization
(SOP) is presented in this work. A new geometry method, SOP projection plane, is developed from Poincaré sphere
method. The expressions of azimuths of three wave plates are derived through SOP projection plane method in Stokes
space. The experimental results show that: any combinations of two QWP and a HWP can realize polarization
transformers, and the SOP projection plane method is more simple than the matrix treatment methods or Poincaré
sphere methods for the problems of polarization transformations. The results of this work help to design the
polarization transformers.

Key words: optical fiber communication technology; transformations of SOP; quarter-wave plate; half-wave plate;
SOP projection plane
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Fig. 1 Action of wave plates of SOP on Poincaré sphere

and on SOP projection plane
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Fig. 2 Azimuth angle of waveplates and arbitary polarized

light in the cartesian co-ordinates
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Fig.3 (a) SOP A is converted to linear SOP B by QWP. AB is perpendicular to OF. OF is the fast axis of QWP,
(b) SOP C is converted to SOP E by QWP. CE is perpendicular to OF, and CD=DE. OF is the fast axis of HWP
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Table 1 Azimuth angles of fast axis of waveplates in A/2+A/4+A/4 waveplates transformer (in Stokes space)

Route of transformation| Position of fast axis of HWP Position of ast axis of first QWP | Position of fast axis of second QWP
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Fig. 4 Arbitary transform of SOP using three waveplates transformer. (a) A/2+A/4+A/4, (b) A/4+21/4+A/2
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Table 2 Azimuth angles of fast axis of waveplates in A/4+1/4-+1/2 waveplates transformer (in Stokes space)

Route of transformation | Position of fast axis of first QWP| Posistion of fast axis of second WQP | Position of fast axis of QWP
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Fig.5 Experimental setup for testing function of polarization transformations
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Table 3 Experimental results of A/2-+1/4-+1/4 waveplates transformer (in Stokes space)

SOP; Position of fast axis of HWP| Position of fast of first QWP | Position of fast axis of second QWP SOP,
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Table 4 Experimental results of A/4+A/4-+1/2 waveplates transformer (in Stokes space)
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