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The control of the phase shift difference between transverse electric (TE) and transverse
magnetic (TM) modes is an essential function for the polarization controller of a coherent
receiver. This paper presents a small, low driving voltage, and wideband differential
phase shifter based on a generic integration platform. Utilizing the quantum confined
stark effect(QCSE) in a strain enhanced birefringence-based InGaAsP multi quantum
well structure the phase shift difference between TE and TM modes is enlarged. The
simulation results indicate that with the voltages of 1.5 V and a length of 1.5 mm more
than 2r phase shift difference over a wavelength range of 100 nm can be achieved
between TE and TM modes.

Introduction

A coherent receiver become widely adopted in high performance optical
telecommunication systems, since it increases receiver sensitivity and thereby improves
the system performance [1]. In such receivers, an integrated polarization controller (PC)
is a very desirable element to adjust the polarization state of the input signal with the
signal of the local oscillator [2]. Among many technological circuits which can be used
to realize a polarization controller, the straight-line waveguide based configuration [3] is
attractive due to the ease of fabrication and compactness. The basic elements in this kind
of polarization controller are a polarization rotator and a phase shifter. A large number of
researches focused on polarization rotators [4-6]. Between them, the single section
waveguide with one vertical wall and one slanted wall is the most compact and results in
a high conversion efficiency [5, 6]. However, one of the operations in a polarization
controller is setting the high phase difference between TE and TM, which can be done
with a differential phase shifter. But, the previous designs for phase shifters focused only
on TE polarization [7, 8]. In order to realize a simplified polarization controller, this paper
focused on designing a differential phase shifter that induces a high phase shift difference
between TE and TM modes.

The electro absorption effect in multiple quantum wells (MQWs) affects TE and TM
modes differently and provides a very promising approach towards increasing the
birefringence and realizing a compact and low power optical polarization phase shifter.
In the following, we propose and demonstrate a differential phase shifter using quantum
confined stark effect (QCSE) based on a generic InP platform.

Design procedure

The p-i-n diode structure is utilized for designing of the waveguide based phase shifter.
As is shown in Fig. 1. a multiguantum waveguide based core is designed. When an
electric field is applied, the absorption near the band edge changes significantly. In fact,
the bands tilt. The confinement of the electrons and holes decreases and a reduction of
the overlap of electron and hole wavefunctions results in a decrease in the absorption near
the band edge.



To estimate the device performance the absorption change due to an applied electric field
is simulated. Afterwards, the effective index change as a function of wavelength and
applied reverse bias voltage is calculated, utilizing the Kramers-Kroning relation [9],
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in which 4n indicates the effective index change at the wavelength Ao with the reverse
bias voltage changes of AV
Our aim is to maximize the phase shift difference between TE and TM modes. To realize
this goal and simultaneously align the absorption edge to get low loss transmission at the
communication wavelength of 1.55 pum, a compressive strain of 0.73% is applied to the
wells. Moreover, to compensate this negative strain a tensile strain of 1.06% is exerted
on the barriers. The widths of the QWs and also barrier are designed for zero net strain
while maintaining nearly zero absorption at 1.55 um wavelength. Fig. 2. indicates the
strain of different layers inside the core of the presented phase shifter.
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Fig. 1. The phase shifter structure (a) building block and electronic and optical interfaces (b) layer stack.
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Fig. 2. Strain compensation in the structure



Simulation results

The 1D simulations are performed to obtain the absorption and characterize the device
performance. During the absorption process inside the InGaAsP/InP waveguides, the TE
modes mainly generate heavy holes while TM light mainly generates light holes [10].
Applying tensile strain to the wells results in a shift of the light holes’ energy gap to lower
energies. Therefore, the absorption will be controlled by light holes for both TE and TM
modes. So, to get a higher absorption change for TE mode, we applied the compressive
strain to the well. At the same time by controlling of well widths both the absorption of
TE and TM is zero for wavelength larger than 1.413 pum. Applying a voltage moves the
bandgap to lower energies. However, as is shown in Fig. 3, it still remains zero at the
wavelength of 1.55 pm.
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Fig. 3. The absorption curve of the TE mode as a function of wavelength.

The phase shift of the structure is calculated as follows:
21
Ap = —An(Ay)1 (2)
Ao

where, 4, is the wavelength at which an effective index change of An is achieved, based
on Kramers-Kronig relation. I represents the device length which is set to 1.5 mm. Fig. 4
shows the calculation results of the phase shift versus wavelength. As is indicated, the
presented phase shifter applies high phase shift difference between TE and TM modes
over the wide bandwidth of 100 nm around the central wavelength of 1.55 um. It should
be mentioned that based on the equation (2) the device shows linear phase response with
length variation. Fig. 5 indicated the phase shift of the TE and TM modes as a function
of phase shifter length at the wavelength of 1.55 pm.
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versus wavelength. versus the phase shifter length.
Conclusion

This paper presented a waveguide polarization phase shifter on InGaAsP/InP generic
platform. By optimizing the strain in the multi quantum well p-i-n structure 2z phase shift
difference between TE and TM modes is achieved over 100 nm bandwidths with a bias
voltage of 1.5 V. The structure length is achieved as 1.5 mm.
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