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Spurious back-reflections can be a source of concern in photonic integrated circuits. This
is especially true in circuits containing amplifiers, but even in passive circuits, small re-
flections can already have a strong influence on circuit performance. It is known that
strong back-reflections can be present when using a 2x 1 MMI as a combiner. We investi-
gate methods for reducing these spurious reflections in a generic integration technology.
We present a novel MMI shape which is able to reduce reflections by more than 20 dB.

Introduction

Multimode interference couplers (MMIs) are vital components for splitting and combin-
ing light in photonic integrated circuits (PICs). However, these components are known to
generate parasitic reflections because they contain abrupt junctions [1]. These reflections
may disturb the desired behaviour of the circuit. Parasitic reflections are especially a con-
cern for circuits containing amplifiers, where they can cause gain ripples or even spurious
lasing.

When using a 1 x 2 MMI as a splitter, light is efficiently divided over the two output
waveguides. Due to limited imaging resolution, some light will be imaged on the back
edge of the MMI. The index step present there causes some light to scatter back to the
input. In splitter operation the amount of back-scattered light is very low because almost
all the light ends up in the output waveguides. This is not the case when using the same
MMI as a combiner. Only when light in the two inputs is coherent, in phase, and of
equal magnitude, will it be efficiently coupled to the output waveguide. When only the
fundamental mode in one input is present, only half of the light will be coupled to the
fundamental mode of the output waveguide for reciprocity reasons. The other half of the
light will be scattered and some of it reflected backwards. This back-reflection process
can be highly efficient due to the imaging properties of the MMI [2—-4].

Previous attempts to reduce the back-scattering level of 2 x 1 MMI combiners used lossy
waveguides [4], or reduced contrast access waveguides [5]. However, in some technolo-
gies these approaches may not work. There may not be room for dummy waveguides, or
reduced contrast may not be offered by the technology platform. In [6], the corners of the
MMI cut to reduce back reflections. Here we take the MMI structure of [6] as a starting
point, and add additional structures to reduce back-scattering. The approach we present
can be used in any technology that offers designers to freely determine the waveguide
shape in the plane.

Design

In our technology, waveguides are defined by surrounding them with deep-etched trenches
of width w. As a result, most of the chip surface remains unetched, which improves
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mechanical robustness and planarization by polyimide spinning. Figure 1 shows the pro-
posed layout of the etched areas that together define the MMI combiner. The parameters
Lamvir, Wvmt, wa and o, are the underlying MMI parameters for the length, width, access
waveguide width and offset, respectively. In addition, the angles o through oy, together
with width w; and trench width wy, define the shape of the etched regions. All surfaces
where back-reflection could occur are angled in this layout. Additionally, the openings
on the top and bottom of the MMI allow light to continue propagating to a slab region,
instead of scattering backward. Care should be taken that this light does not couple into
other structures further along the slab. This could be avoided by placing absorbing mate-
rial some distance away from the MMI.
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Fig. 1: Low reflection MMI combiner layout. (a) 3d view of the device layout. (b) 2d top
view. The lighter areas are deeply-etched. The original MMI shape, as in [6], is indicated
by the dashed lines. The port numbers are indicated by the bold numbers.

Simulation

The amount of back-scatter was evaluated using a commercially available 2D Finite
Difference Time Domain (FDTD) method [7]. Using this method, we investigated a
2 x 1 MMI, in an indium phosphide (InP) technology, with the following parameters:
Lyivi = 26 um, Wapvr = 5.0um, w, = 1.5um, o = 1.3um. A slab index of 3.246 was used
for the non-etched InP areas, and index 1.0 for the etched areas where semi-conductor
material was replaced by air. We investigated the influence of angle o;. Angle o, was
kept constant at 10°. The angle a3 was kept fixed at 60° and o4 was fixed at 15°. The
width w is determined by technology and is used to correct for rounding caused by the
lithography. This width was fixed at 0.4um. The trench width w; was set to 10pm. An
80 fs long modal pulse centered at a wavelength of 1550 nm was used as the starting field
for the simulation. The pulse was launched into port 1. The total simulated time was
around 1 ns in order to obtain around 110 unique samples in the wavelength range from
1500 nm to 1600 nm.

Figure 2 shows a spectral analysis of the light that is back-scattered into port 1. Light
reflected to port 2 follows a similar trend as that reflected to port 1. We start from the
conventional MMI shape which does not have any angled edges in it. Simulation of that
design shows reflection levels of around —11 dB, as shown in Fig. 2a. The second design
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Fig. 2: FDTD simulation result. Back-scattered spectrum from port 1 to port 1. (a) Pre-
vious designs, (b) Our design. A low back-reflection of around —35 dB can be obtained
by setting o,y = 30° and o, = 10°. Compared to the cut-corner MMI, our design is more
effective at large corner angles of 60° and the ripple is strongly suppressed.
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Fig. 3: FDTD simulation results. Transmitted spectrum from port 1 to port 3. (a) Previous
designs, (b) Our design. The average insertion losses of the MMIs are around —3 dB for
all designs. There is therefore no loss penalty involved with the reflection suppression
schemes. The response of our design is much flatter over the spectrum.
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has o = 60° and is of the type presented in [6]. It has a tilted MMI edge, which can
reduce the reflection level to less than —15 dB. Such back-scatter levels can still have a
strong effect on circuit performance though. The device also suffers from very strong
ripples. Setting o; to 30° reduces the back-scatter to less than —30dB. A strong ripple
is still present. Around the central wavelength of 1550 nm, a designer should consider
reflection levels of around —32 dB.

When we compare the reflections in our design, shown in Fig.2b, to the cut-corner ones,
it is immediately apparent that the spectral ripples are strongly suppressed. For o; = 60°
our design performs significantly better than the equivalent cut-corner design. The design
with o = 30° offers a reliable 35 dB suppression of back reflections around the central
wavelength.

The transmission from port 3 to 1 for the various devices is shown in Fig.3. Also here,
there is a strong ripple on the traces of the cut-corner MMIs. The ripples in the optimized
design are much smaller. The average transmission is not affected by the introduction of
the angled edges.

The exact cause of the strong ripples in the cut-corner design is not known. To exclude
effects from the simulation setup, we halved all step sizes and repeated the simulation.
The result remained the same.

Conclusion

It was shown that the back-scatter level in deep-etched, high-contrast MMIs can be re-
duced to —30dB to —40dB by optimizing the MMI geometry. This means a strong
reduction in parasitic reflections can be accomplished. This will enable PICs to become
more complex. Compared to existing reflection suppression methods in MMISs, our ap-
proach significantly reduced the ripple in the back-scattered spectrum while offering a
few dB extra suppression of reflections. The described technique can also be applied to
low-contrast, shallow-etched MMIs. In fact, this approach can be applied to any technol-
ogy in which the waveguide shape is free in 2 dimensions.
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