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1. Introduction and context

Soon, the information in the Internet will reach the zettabyte level [1]. To deliver all this information, an upgrade to
the optical links that carry this information is needed. One possible solution is to use coherent systems that have a
good spectral efficiency. This kind of link is different from the optical links that use aggressive baud rates.

Among the coherent systems one possible solution is to use Dual-Polarization Quadrature-Phase Shift Keying
(DP-QPSK) [2]. In such a link, one of the main components is the Polarization Beam Splitter (PBS). Such a device
can separate a TE mode from a TM mode.

There are many PBS devices in both the silicon photonic platform [3-6] and in the 111-V platform [7-10]. All of
them have in common that they have tight fabrication tolerances. There are several designs that try to overcome such
tolerances like the one presented in [9] that uses a Periodic Layer Structure of Si/SiO; or the ones [10-11] that uses
thermal tuning. One of the main disadvantages of using the PLS is that it adds complexity to the fabrication. On the
other hand, as demonstrated in [12] the thermal tuning has a difficult adjustment process that requires many iterative
steps. This disadvantage was solved by the work proposed in [12]. By exploiting the Pockels effect in InP multiple
quantum wells, the PBS function is achieved providing an easy adjustment. Nevertheless, a requirement of that
design is that both phase shifters must be perpendicular to each other to have a proper crystal orientation required by
the exploited effect. This leads to a big footprint around 1.5 mm x 2.5 mm.

In this work, we propose a novel PBS that is based on a symmetric 1x2 Mach-Zehnder interferometer (MZI) and
exploits the plasma dispersion effect in forward bias and the Pockels effect in InP in reverse bias. The experimental
results of the fabricated device show that an insertion loss of around 3.5 dB and a polarization extinction ratio better
than 15 dB can be achieved at a wavelength of 1550 nm. The device can operate over the entire C-band (1530-1565
nm).

2. Principle of operation

The device is composed of a vertical p-i-n structure in an InP platform. If the p-i-n structure is in forward bias, the
injected carriers change the refractive index of the material. This affects both the TE and the TM modes [13] in a
similar way Aness,Te(Vrorward) = Anefr. TM(Vtorward), Where Anesi T (AnefiTv) IS the change in the effective index of the TE
(TM) mode upon application of the forward bias voltage Vsoward. This is the plasma dispersion effect.

In a different way, when a reverse bias voltage Veverse is applied to the p-i-n structure the Pockels effect changes
the refractive index of the material. This effect affects only the TE mode [14]. Consequently, the change in the
effective index of the TE mode is given by Anes,1e(Vreverse)-

The structure of the proposed PBS consists of a symmetric 1x2 MZI as depicted in Fig.1 (a). The phase shifters
of the structure are formed by vertical p-i-n structures. Different interference conditions of the 1x2 MZI are used to
separate the TE from the TM mode. For this, one phase shifter is driven in forward bias and the other is driven in
reverse bias. Since the plasma dispersion effect in forward bias affects both TE and TM and the Pockels effect in the
phase shifter in reverse bias affects only the TE mode. Consequently, the TE and the TM modes have different
interference conditions and by selecting Vsorward and Vieverse the TE appears in the cross output and the TM appears in
the bar output. Hence, producing the splitting function. To produce the PBS function the voltage Vsorward and Vieverse
need to be adjusted. To adjust Vsorward, first, a TM mode needs to be injected and Viowara SCanned. There will be a
particular Viorawara at Which the TM mode will exit the bar output (TM). Vsowara must be set to that voltage. Once
Viorward 1S Set it is necessary to set Vieverse. FOr this, a TE mode is injected and the Vyeverse is scanned. There will be a
particular voltage in which the mode will exit the cross output (TE). The voltage Vieverse must be set to that voltage.
In these two steps the splitting function is set and consequently the PBS function performed.
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Figure 1: (a) Fabricated PBS with a straight waveguide in one side to measure the on-chip losses, (b) Measured
polarization extinction ratio (PER) versus wavelength in the C-band

3. Experimental demonstration

The PBS was fabricated in order to demonstrate this proof-of-concept device. The measured polarization extinction
ratio (PER) of the PBS in all the C-band (1530 — 1565 nm) is presented in Fig. 1 (a). As can be seen from Fig. 1 (b)
the PBS works with a PER better than 15 dB. The fabrication tolerance of our device is eased compared with those
in the literature where variation in waveguide dimensions, thickness of the layers, etc. can be accommodated
through small changes to both the forward and reverse bias conditions in the PBS. The proposed PBS has a better
PER than the work presented in [7,9,11,15]. The work presented by Fraunhofer group in [10] has a better
performance, nevertheless, to overcome the fabrication tolerances the device uses thermal tuning, which has a
difficult calibration. This issue is solved by the work presented in [12]. This work can also be adjusted in two steps
like the work presented here, nevertheless since the quantum confined Stark effect is used in quantum wells the
device is wavelength dependent and consequently has a difficult adjustment across the C-band. We will also present
the behavior of the PBS with the operational temperature and the fabrication tolerances.

4. Conclusion

We have demonstrated the proof-of-concept of a PBS which is fabrication tolerant by means of adjusting two
voltages. Such a device exploits the plasma dispersion effect and the Pockels effect in a forward and reverse bias
vertical pins structure in the arms of a symmetric 1x2 MZI. The experimental results shows that the PBS offer a
better PER than 15 dB and an on-chip loss below 3.5 dB around 1550 nm.
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