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Reflective AWG with flattened response
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A new principle for flattening AWG responses is demonstrated. The approach works in
reflection, where the spectrum of the reflected light shows a box like shape, with only a
small passband ripple. The method is in principle lossless. The main part of the device
is formed by a general multimode interference reflector. This MIR works as a retro-
reflector that not only preserves the field shape, but also the position of the field. A pure
propagation direction reversal is obtained in this way. The theory behind the principle is
explained, and we present simulation results and initial measurement results.

Introduction

Various methods for flattening the response of Arrayed Waveguide Gratings (AWGs) have
been proposed. The most prominent are using multimode output waveguide [1], parabolic
input tapers [2], dual focal point arrays [3], and synchronized designs [4]. The first three
methods increase the insertion loss of the AWG. The last method is in principle lossless,
but is quite complex to realize. We propose to use a special multimode interference
reflector (MIR) [5], which is inserted in the output free propagation region (FPR) of an
AWG. Light within the MIR aperture is reflected back while light outside the aperture
is not. This leads to a flat reflection band. When using a platform suitable for active-
passive integration, the reflector itself can be made active. This would enable the reflected
light to be modulated by a data signal. An application for such a device would be as an
optical network unit (ONU) in a passive optical network [6]. Such an ONU should be
wavelength-independent and cost-competitive [6]. The device presented here could fulfill
both requirements.

Theory

MIRs are on-chip reflectors that are based on MMIs [5]. Such a reflector consists of
two 45° mirrors and a multimode section, as shown in Fig. 1a. By choosing the length
of the reflector equal to Lyr = 1.5 - Ly, a so called general interference 1-port reflector
is obtained [5]. Here Ly is the familiar beat length from MMI theory, between the fun-
damental and first order mode in the multimode section of the device [7]. Though this
device is markedly longer than a 1-port reflector based on symmetric interference, it of-
fers some interesting properties. The most significant of which is its ability to reflect an
arbitrary shaped input field. What this means is that the location of the input waveguide is
not restricted to a single position. In other words, the value of x’ in Fig. 1a can be chosen
freely along the MIR input aperture.

The field at the input of the MIR does not have to be guided there by a waveguide. It can
also be imaged through a free propagation region, like the one found in an AWG. Due
to the dispersive properties of AWGs, the spot at the output side moves as a function of
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Fig. 1: (a) Generic MIR layout. An input field is launched from position x = x/, and is
imaged back to the same position. This accomplishes a pure propagation reversal which
has only a small dependence on the position x’. (b) Schematic representation of the output
FPR. The array waveguides are shown on the left, and the regular output waveguides on
the right. Light is focused onto a position that depends on the wavelength A of the input
signal, as indicated by the arrow.

wavelength. This is shown schematically in Fig. 1b. The spot will be reflected back as
long as it is within the aperture of the MIR.

Simulation

The fundamental mode of a 2 um wide waveguide is launched at the input side of an AWG.
The coupling through the AWG to the modes of order v in a multimode waveguide was
calculated using an analytical model [8]. This model calculates the coupling 7y by taking
the overlap between the AWG output field and each of the modes. The multiple modes are
then propagated by multiplying them by a phase factor exp(—j[2ByLmir + TtV]), wWhere
By is the mode dependent propagation constant. The factor v causes all odd modes to
be flipped, which models the effect of the 45° mirrors. Finally, all modes are propagated
through the same AWG again, and the overlap with the input mode is taken. The total
reflection is thus modeled as

R =Y Tyexp(—j[2BvLmr + 7)) Ty (1)

Fig.2 shows the simulated reflection using (1) for an AWG designed for the COBRA
InP layer stack. An 8 um wide MIR is connected to the output FPR. The central wave-
length of the AWG is 1550 nm, the dispersion is 50 GHz/um, and the free spectral range
is 1800 GHz. The input waveguide is 2 um wide. The simulation results clearly show
a flattened response. A difference in passband ripple can be seen between TE and TM.
This is caused by the birefringence of the layer stack, and a resulting different optimal
wavelength for TM. The passband is slightly slanted with the short wavelength side being
0.6 dB lower than the long wavelength side, because the MIR is connected to the FPR
with an angle of —4.0°. The 3 dB bandwidth is 2.59 nm (332 GHz). This is much larger
than the non-flattened bandwidth of 0.72 nm (90 GHz).

Measurement

After fabrication at NanoLab@TU/e the chips were anti-reflection coated and character-
ized. Light from a tunable laser source was coupled into the chip by using a microscope
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Fig. 2: Simulation of the reflective bandpass filter response for TE and TM. (a) Three
FSRs of the flattened AWG response. (b) Close-up of the passband closest to the central
wavelength. The ripple in the TM polarized passband signal is due to a different optimal
wavelength for this polarization.

objective, which focused a collimated beam from a fiber launch stage onto the chip facet.
A circulator allowed the back reflected signal to be recorded. A polarizing beam splitter
was inserted in the collimated beam, and set to pass TE polarized light.

Figure 3 shows the measured back-reflected signal. The residual reflection of the coating,
estimated to be between —20dB and —30dB, together with the strong reflection of the
MIR, gave rise to significant fringes within the passband. Outside the passband the fringes
are caused by interference between the residual facet reflection and the crosstalk of the
circulator. The difference in reflectivity in-band and out-of-band was measured to be
14 dB. By improving the anti-reflection coating and the circulator isolation, this difference
can be increased to 24 dB, which is the measured AWG crosstalk level. There is a strong
dip in the middle of the passband. At this point it is unclear what causes this, but it
is known that a deviation of the design width of the MIR causes ripples in the passband.
Another possibility is a distortion of the phase front along the aperture of the MIR because
of a slight oblique incidence. Also polarization rotation effects inside the AWG could play
arole. When we ignore the dip, the 3 dB passband width is 2.6 nm. This is extremely close
to the design width of 2.59 nm.

Conclusion

A new method of flattening the passband of an AWG was introduced, which works in
reflection mode. Devices using this new principle were fabricated and characterized.
Measurements showed that a strong dip is present in the passband. The 3 dB passband
width is 2.6 nm in the measured device, which is extremely close to the design width of
2.59 nm. More measurements and modeling are necessary to understand the cause of the
dip. If this effect can be mitigated, the presented device could be used, for example, as a
reflective optical network unit in passive optical networks.
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Fig. 3: Measured response of passband flattened AWG. The passband shows an unex-
pected dip in the center. Ignoring this dip, the 3 dB passband width is 2.6 nm. The reflec-
tion level was normalized to the maximum in the passband.
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