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Abstract. We report on the realisation of a short, GaAs-AlGaAs unstrained double
quantum well based passive waveguide polarisation converter monolithically integrated
within a Fabry-Perot laser cavity. The observed transverse magnetic (TM) polarisation
purity at the output is greater than 80 % for a converter section length of 20� µm at an
operating wavelength of 867.1 nm.�

Introduction
The ability to control or indeed convert the polarisation state of light in guided wave
devices is paramount to the development of current and future photonic integrated
circuits. One such device is the proposed monolithically integrated optical isolator [1];
wherein polarisation selectivity is required in order to reciprocally rotate the input
polarisation state by 45°. In III-V material systems, passive waveguide polarisation
converters, also commonly referred to as polarisation rotators, may be used as a means
to convert transverse electric (TE) to transverse magnetic (TM) polarised modes or vice
versa [2]. In this paper we demonstrate the integration of a reciprocal polarisation mode
rotator integrated within a semiconductor ridge waveguide laser, allowing for a device
that emits predominantly TE or TM polarised light from each facet respectively.

Fig. 1. Schematic representation of the integrated device (not to scale). Also shown are the mode
configurations in the asymmetric waveguide section.

Converter design and fabrication
By introducing asymmetry into the waveguide design, as in our angled sidewalls
geometry, the optical axes of the guide are effectively offset with respect to the x and y
coordinates as shown in Fig. 1. When a linearly polarised TE0 light wave - from the
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integrated laser - enters the asymmetric section via a 70 µm long linear adiabatic taper,
both orthogonally polarised fundamental modes are excited (mode 1 and 2). Mode
beating occurs as they propagate along the length of the device (Fig. 2(b)). At each half
beat length, LBeat/2 =  / , the polarisation is effectively rotated by 90°. Note that  is
determined from the difference in propagation constants, 1 and 2, of the two zeroth
order modes and is a characteristic dependant on the geometrical structure of the
waveguide and the refractive index contrast between the epitaxial guiding and cladding
layers.
The proposed structures were first simulated using a fully vectorial mode solver package
in order to ensure single mode operation and to predict the section length required for a
full TE to TM conversion. These computations resulted in a converter waveguide width
of 680 nm and LBeat/2 = 22 m as shown in Fig. 2. (a) and (b), respectively. A degree of
mode beating begins in the angle-etched tapers, and therefore simulations also indicate
that the appropriate ideal length of the narrow waveguide rotator section should be about
16 µm.

(a)

(b)

Fig. 2. (a) Half beat length LBeat/2 versus the width w of the waveguide cross section for an operating
wavelength  of 867.1 nm. The cut off of the excited second lowest order mode (mode 2) takes place at a
waveguide width w just smaller than 680 nm. (b) Top view of the simulated contour plot of both the Ex
(TE) and Ey (TM) component of a TE0 mode launched from the gain section into the passive converter
section.

The material structure used here is an unstrained double quantum well GaAs-AlGaAs
heterostructure grown by metal organic chemical vapour deposition (MOCVD), lattice
matched to an n-doped GaAs substrate. The deeply etched converter waveguides were
fabricated using a novel, single-step dry etch process [3]. After lithographic patterning,
the etching process is carried out in a reactive ion etch (RIE) system using a SiCl4
plasma and a custom designed sample holder that enables the chip to be aligned at
various angles to the incident ion flux, without distorting the positive ions sheath and
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hence maintaining the directionality of the incident reactive ions. A scanning electron
microscope (SEM) image of a waveguide formed using this technique is shown in Fig.
3.

Fig. 3. SEM image of a deep etched angled waveguide section.

Results
Characterisation of the integrated device was performed using a continuous wave
current source to drive the laser, with the output from each facet being separated via a
polarising beam splitting cube. This enabled both the TE and TM components of the
emitted beams to be individually detected using an InGaAs large area photo diode. The
light-current (LI) characteristics at both the converter section facet and the laser section
facet were measured and are shown in Fig. 4. (a) and (b), respectively. For injection
currents above 130 mA it is observed that the converter facet emits predominantly TM
polarised light with a polarisation purity, defined as Ef =PTM / (PTM + PTE) x 100 % with
PTE and PTM denoting the TE and TM output powers respectively, of greater than 80 %.
In contrast, however, output from the laser facet shows, as expected due to the interband
transitions, mainly TE polarisation with a TM purity of approximately 12 %. It is most
likely due to fabrication tolerance that ~100 % conversion efficiencies at the converter
facet end are not achieved. However, with simple adjustments to the post growth
processing procedure, outputs designed with any mixture of TE and TM (including
~100% TM) should be readily obtainable. As there is no carrier injection in the rotator
section, some excess optical loss will be evident, but polarisation mode conversion by
mode beating occurs in a sufficiently short length that lasing threshold currents are
observed to be only around double that of equivalent laser devices with no converter
section. Furthermore, these optical losses may be negated by extending the top ohmic
contact such that carrier injection occurs over the entire length of the device, by using a
grating structure as one of the laser mirrors or by employing quantum-well intermixing
in the passive section [4].
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(a)

(b)

Fig. 4. Measured L-I curves of the realised device showing the total output power and the separated TE
and TM output powers for both (a) the converter section facet (OUTPUT in Fig. 1.) and (b) the lasing
section facet.

Conclusions
In conclusion, we have demonstrated, to the best of our knowledge, the first
monolithically integrated passive polarisation converter and semiconductor laser diode.
This device emits predominantly TM and TE polarised light from the converter and
laser facets, respectively. The single-section rotator is fabricated using a novel singlestep RIE process, forming a waveguide structure with two angled sidewalls; allowing
for a 90° polarisation state rotation without recourse to longitudinal periodic variation.
Such integration technology could be useful in establishing a polarisation rotation of
only 45° by adaptation of the converter section length, in order to contribute to the
realisation of a monolithically integrated optical isolator.
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