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Implementation of polarization rotating building blocks for photonic integrated circuits
remains a challenge. To achieve polarization extinction ratios (PER) above 20 dB in
indium phosphide (InP) based waveguides, fabrication tolerances with respect to the
waveguide width of around 100 nm or less are required with previous designs [1]. In
this work, we present a way of allowing for a respective tolerance of more than 200 nm
which substantially eases fabrication using common optical lithography techniques.
The design is again based on a slanted sidewall waveguide but a key feature of it is that
it does not rely on the waveguide modes being angled by 45° as is commonly required
with devices reported recently [1]-[3].
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Fig. 7. Left: Cross-section of the slanted sidewall waveguide in this work. The InGaAsP
guiding layer has a photoluminescence peak of 1.06 pm. The drawing indicates the tilt a of
the modal basis. The slant angle € is 52° in this work. The waveguide width is defined at
the top. Right: Birefringence (red) and modal tilt (blue) versus waveguide width. The slope
of these curves becomes smaller for a < m/4, making larger widths significantly more
favorable in terms of tolerance.

A slanted sidewall waveguide generally supports a modal basis that is tilted by an angle
a with respect to the substrate’s plane (see fig. 7). The two modes generally exhibit a
birefringence An. The Jones matrix of such a waveguide with physical length L and
normalized length § = AnL /A is given by
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The Jones matrix of a series of such waveguides is given by the respective matrix
product. In this paper, we limit ourselves to a two-section device, represented by a
product of two matrices J; and J,. For perfect rotation, the main diagonal of the

resulting matrix must vanish while the anti-diagonal must be unity. A simple solution
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can be found when setting a;= —a,=n/4. One then finds §; = 0.25 and §, = 0.75. There
are, however, other solutions for various other angles that cannot be found analytically.
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Using a FDE mode solver, we derived the dependence of @ and An on the waveguide
width w. The result is shown in fig. 7. It can be seen that the slope of An and hence the
tolerance is particularly crictical for widths where a > n/4. The slope decreases at
larger widths, i.e. smaller a. Using those a(w) and §(w) as well as eq. (1), one can
compute the Jones matrix of any arbirtrary 2-(or more) section device. It should be
noted that once a(w) and §(w) are known, computing the Jones matrix only takes
milliseconds or less. This makes optimization algorithms readily applicable even if they
have to evaluate thousands of devices.

Fig. 8 shows maps of the PER for a two-section device in the space of the respective
waveguide width of either section, w1 and wo.
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Fig. 8. PER maps versus waveguide widths of a 2-section device. Left: PER map of a device
with oy = —a; = /4 and §; = 0.25,8, = 0.75. Right: PER map for a device with
oy = —oy =0.21mand §; = 0.29,8, = 0.74. These parameters are obtained from
numerical optimization of the Jones matrix’ tolerance. The tolerance of either waveguide
width is increased from 140 nm to 240 nm. To obtain those numbers, it is assumed that a
deviation in width will be equal over both sections (indicated by dashed magenta line).

In summary we have shown a method of designing an integrated polarization rotator
which does not rely on the common condition & = /4 and therefore enables 100 nm of
additional tolerance.

References

[1] D. O. Dzibrou, J. ]. G. M. Van Der Tol, and M. K. Smit, “Extremely efficient two-section
polarization converter for InGaAsP-InP photonic integrated circuits,” in Lasers and Electro-Optics
Europe (CLEO EUROPE/IQEC), 2013 Conference on and International Quantum Electronics
Conference, 2013, pp. 1-1.

[2] H. Deng, D. 0. Yevick, C. Brooks, and P. E. Jessop, “Design rules for slanted-angle polarization
rotators,” J. Light. Technol., vol. 23, no. 1, pp. 432-445, Jan. 2005.

[3] H. El-Refaei, D. Yevick, and T. Jones, “Slanted-Rib Waveguide InGaAsP-InP Polarization
Converters,” J. Light. Technol., vol. 22, no. 5, p. 1352, Mai 2004.

ECI02016 | 18™ EUROPEAN CONFERENCE ON INTEGRATED OPTICS



